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[ Abstract] Objective To explore the potential effective components and possible
action mechanisms of anticoagulant effect of Sojae Semen Praeparatum. Methods The
chemical components of the decoction of Sojae Semen Praeparatum were analyzed by ultra-high
performance liquid chromatography-quadrupole-electrostatic orbitrap-high-resolution mass
spectrometry (UPLC-Q-Exactive-Orbitrap MS) technology. Network pharmacology was used to
predict and analyze the key effective components, core targets and signal pathways. Molecular
docking and molecular dynamics simulation techniques were applied to verify the binding between

key effective componets and core targets. Results Key effective components of Sojae Semen
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Praeparatum for anticogulation were obtained, such as adenine, salicylic acid and kaempferol, etc. Core targets
were determined, such as ALB, IL6, TNE INS, AKT1, IL1B, IL10, AGT, CRP and ACE, etc., involving key
pathways such as the advanced glycation end product-advanced glycation end product receptor (AGE-RAGE)

signaling pathway in diabetic complications, lipid and atherosclerosis, etc. The results of molecular docking

showed good binding between key effective components and core targets. Molecular dynamics simulations

further revealed the stability of the binding between the complexes. Conclusion Sojae Semen Praeparatum

may exert anticoagulant effects through multiple components, multiple targets and multiple pathways, providing

a reference for further in-depth research.

[Keywords] Sojae Semen Praeparatum; Anticoagulation; Liquid chromatography/mass spectrometry;

Network pharmacology; Molecular docking; Molecular dynamics simulation
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Figure 3. Network diagram of active ingredients—targets
F2 KBRS HEE

Table 2. Ranking of key active ingredients

Hir's YA s BT EE(E (Betweenness ) HE O (Closeness ) FE{H ( Degree )
1 Adenine PR IEERS 0.243 016 198 0.392 941 176 71
2 Salicylic acid K 0.193 966 411 0.392 941 176 68
3 Kaempferol 1Lz 0.147 729 831 0.377 828 054 54
4 Isoleucine SRR 0.201 986 574 0.373 601 79 52
5 Caffeic acid IR 0.146 202 024 0.376 975 169 49
6 Citric acid FrigEe 0.066 450 948 0.350 104 822 42
7 Thymine ol 0.137 207 175 0.360 691 145 39
8 Protocatechualdehyde JRLASTE 0.044 975 431 0.359 139 785 37
9 p-Coumaric acid XA LR 0.088 114 309 0.345 755 694 31
FEANE: cAMP {55 | fb B0 - SR AMACFIIEE i 2 I0C 38 1% A5

MAPK {5538 # . NF—xB {55 i #l PI3K-Akt {5
TR AL BRI T A W A A
W - WAL M) 1K ( advanced
glycation end product—advanced glycation end product
receptor, AGE-RAGE ) 55l % . FAKBT YN 1
Sk REREAL . NS T A A i 2 1 AR |

B SR RERE AL . TR PR B 4 s TR
PR KRR, O P450 X4k
Y BTARESE: OAPLRSE: 1L-17 558

225 moy—de k@A R

R FEIR E B HUEE I T AEAE LS, B
LT 20 A5 O0CHE(S Sl . HT 9 A OCHETEPE
By B N S R S BT A, M (R
g3 - MR - GEET W, WE 7. R, RE
PRIGITRAE AGE-RAGE {55 % . I8 A3 koks
FERE k38 5 | AR B DI T3 R0 S ks A A L i |
ARG 10 2% G0 L B A el R R I A O
FUF T
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Figure 4. Diagram of protein—protein interaction network
iE: P AR B AR Ede s, e BDegreelih KB/, Rt Sy MEMLEE, ZERFTEAS LR EZMGMEIEREL,

R3 KBHAIRITITER

Table 3. Topological analysis results of key targets

G5 A R4 JEMH ( Degree ) AECPOPE(E (Betweenness ) T PO ME(E (Closeness )
1 ALB HEH 188 0.060 697 896 0.699 570 815
2 1L6 4N -6 186 0.039 787 861 0.695 095 949
3 TNF fiIRE SR AE 180 0.034 890 517 0.684 873 95
4 INS R 177 0.045 294 275 0.683 438 155
5 AKT1 22BN A TR 1 166 0.028 582 015 0.669 404 517
6 ILIB FAHA 215 164 0.021 151 271 0.661 257 606
7 1110 H 4N FE-10 137 0.009 309 346 0.623 326 96
8 AGT IKER-Yi S 116 0.017 305 546 0.597 069 597
9 CRP C-J W& 107 0.008 454 515 0.588 447 653
10 ACE 175 oK R 93 0.007 011 765 0.571 929 825

2.3 NDFNEER

P TR A5 2] B HE 2 HT O BOVERAE IS P A5 HE
TS5 RO HE S ACE, CRP, IL6, TNF, ALB
BT T X . N 4 iR, #5568
S A RS Hd, iR, R
JLZSHE . iz M A MERR 5 ACE. CRP. IL6.
TNF., ALB X 5 MG OS5 A RE ARG, RmEng |

https://slyyx.whuznhmedj.com/

P R . K A% TR RN N i wE E 5 ACE . CRP.
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DI, BA—H PR T LS 2240 T R
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GO:0019899~enzyme binding -| I 5 !
G0:0042803~protein homodimerization activity 1 5
GO:0005524~ATP binding I
G0:0008270~zinc ion binding I 3
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GO:0004712~protein serine/threonine/tyrosine kinase activity 2 3
GO:0005506~iron ion binding I — >
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Figure 5. Diagram of Gene Ontology enrichment analysis
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Figure 6. Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis

A A RHARLRARAT AL NERE ESNZBE; B TAARSARAATHLPEARE EONAECH, LEAKREATEERINS, &
IR E AL R A PIEA]

AW AT SE R . REBUESR A T MG REE BARE M. X SRR AR PRI A R
IKAEE LA SRS G AL, AITHESAE  TYR-122, LEU-139 Hl HIS-331 45 i 7K 4% & 2H 1
YR GmteE . BRI S, Al 8-E iR, AR, Gl EOKEILE S S, eAh, Xi A
TEX 7 52 —ACE X4, ACE J2—FhiraJm ik RS LYS321 AR e E L. Zi b, MR E
fitf, Xf 2R AYRHEE (~COOH) 5 ACE i&#Erh R VAR TR FIINRE AT 5 ACE BTG P 25 5%
OB Zn® TR, X EER I (-OH) WG . XFE AR RER IR ACE ML TE,
5 VAL-328., CYS-330 JE it & A ELAE T, N DA AR e RO IR AACR
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24  SFhH=E

Ryt — 25 A5 T A R O 8 A A B
FABLL, o35 2 25 S v S B X 77 TR —ACE
FAERR —ALB #1753 8h J1 2o . 6 9 J
/R T AE 200 ns 43 80 Jy 2 B0 FE v ) RMSD
RMSF ., ~FREHE Rg Fll SASA AR50 45 R

RMSD {B 53550 B[] J5 46 74 2 RS 52
ZIAI I8 25 5, IR BRSSO R
ARG, RUIE PR - BORZS SR E. W
K9-A itz , MR AR IS RMSD {H )% 3l /7 7F 2
5o ¥R ~ACE ) RMSD {4 % T 0.3 nm,
TE 0~20 ns BL#E [ T+ & 0.12 nm, 7E 20~100 ns
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Figure 7. Diagram of ingredients—targets—pathways

i BPGENATHRELT

W, HEMEREAX SRS, BEVEARRERRS, REFFEAZHIAGMIERNLEL,

R4 KBRS TIZOEBRNESRE

Table 4. The binding energies of key components and core targets

#5478 (keal/mol )

e ACE CRP L6 TNF ALB
Jl -5.8 -5.4 -4.6 -54 -53
K -6.3 -5.5 -4.2 -5.0 -6.0
X R -6.0 -53 -45 -5.0 -5.6
it P e -6.1 -52 —4.1 -53 -55
L2 -8.4 -8.0 -6.6 -7.6 -8.7
FriEm -5.4 -5.8 -5.1 -5.8 -55
JRILZ TR -55 -5.2 -5.6 -5.0 -5.7
WAIE -6.8 -5.6 -5.4 -53 -6.4
SSE AR -4.8 -47 -34 -39 -438
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E8 & FxfHE

Figure 8. Diagram of molecular docking
iE: Ak BR—ACE; B.wwEER—ALB; C. LA —ACE; D. Z A -ALB; E. 3% 28 -ACE; F. 4748 —ALB,
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Figure 9. Molecular dynamics simulation analysis
7 : p—Coumaric acid, 3 28 ; Caffeic acid, wabfR; A. ¥ 7 RMmZEZ (RMSD) ; B. on=rfR—ALB& ¥ 7R E 3 (RMSF) ; C. sHH &
BR—ACE# 3 Rk 3 (RMSF) ; D. wwelkBR —ALBA# T3 A4k 4; E. s A LB -ACE® P 844, F. 94 %2 (Rg) ; G A TAR@M
(SASA)
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FasE DS, JFAE 100 ns G 4ERE AW, RETE
0.12~0.22 nm Jo Bl N, PRIETE 0.1 nm 247, £F
A S bR e, W HERR —~ALB () RMSD {8 0] &b
AR ZL SARZS, 7 0~40 ns J5 I [H] P BERS 2
0.35 nm Ji7 B Bl , 4S54 0 i 2 E A,
40~60 ns £ 22 FTF £ 0.57 nm Z£ 45, 60~150 ns
WeshiB V28, 1E29 150 ns ZBKZE 0.67 nm 547,
ZJE % 200 ns, FEAFELE 0.62~0.72 nm JEFE P,
PRIGAE 0.1 nm Z24y, HICHI B EThEl FREH,
PEN IR F A

RMSF iz W 25 11 5T 2 56 1R 5 56 U 3,
E9-B FE 9-C frs, FERLPLt R, WA E
G YR EZBEEASEIR I R AN, AUD
B T R E24, ATRel TENMLT
AT N E . Hrp X & G R -ACE 1Y
RMSF B )% sh & MERZ -ALB /b, H. % sh38 /)
R ORI A BRI 2 —, e
R, SUERMBCR R T EE AR . X AR
W HEAT S B, AN & 9-D FNE 9-E FiFax, Wi
MERZ —ALB FIXT 75 58 —ACE (24 &5 5050 )
9 0.896 F13.908, KUIEH B S/NrF ZIAIfFTE
A EAEA, (APE RGP, Rg BTELAE
4y s ] 6] g PR T A DB A 5 AR i 22 i) g
B, ATFIREARSH R EERE, R
o] DA F R SRR . Al 9-F B, S

it R AR TR Rg SPRFFAHRIASE . SASA
TR 2 B U0 5 SR BB K o3 2 R0 4 A A
L PRIV SRS KPR L, G 9-C R,
XA SR —ACE FEACRFFFaE, MiMiMERR —-ALB
5 G 1T 10 ns WA TR IA2] TP, SR T
AR R R E MR B, BRI E A
YIERADL S (R N S REIE AR e 45, (HAE s AT
F A

F£ MM/PBSA J7 35 i ;A B8R 1 o 45
B B RE B 0 i R DU S ST R Ay i R A A
F . BT EAER . B S AL AR T
FUACAET,  ELAA R 7 390 A 2003 9 B Sk i
WERIARTI, 4R S B AAR 25 G R I 4
W5, AEAREKEGERS T,
R —ALB FIXF 7 5 R —ACE f0454 B i BEZ il
A =23.16 kcal/mol F1 —=17.06 kecal/mol, Horir, %
Fr DR -ACE 454 F HH BEAY 32 22 5wk 2 Ju 1l
HEAEFRE, momERR -ALB £54 A hAgny &
FEDT R A4 Y A A AR LA FH ik A i R AR LA
FfE. 5L, IMMERR -ALB 45 &6 M)
W&o T X G R —ACE. 25, WHESWIKER
IR R E 4 A, BT a1l f S
o FRHERAR 3, WIRRMIRRENSITN
2 AT RE S A T4 R R A AR B
255

&5 MM/PBSATRMIKYZ & B HEEFBEEM S ( kcal/mol )
Table 5. Binding free energies and energy components predicted by MM/PBSA (kcal/mol)

T PER S A AE poea 4E,,, 4E,, AE gy AE,,, 4G, 4G, 4G
MIERZ-ALB 0 -24.53 -19.32 24.38 -3.690 —43.85 20.69 -23.16
X G HR-ACE 0 -23.85 -6.700 16.73 -3.230 -30.55 13.49 -17.06

E: AE gy SEEREAL; AE,,, SCIBRAMEAERREAL; AE,,, HRAEIERREA; AE;, )L E (Generdlized Born ) A2 ¥ &4 AR L 7]
R AL AE,,,, FMBEMNLEREN; 4G, AT BEREN; 4G, BEAKE BRENL; 4G, E&aHkREL,

3 Wit

gt b = 2575 T [ % 2 1 FSE Bl N )2
Mo SR, TR s A, HAE RN R
AR A e 7B v A 5 4 T, A HOE
FHIT AR, Uraeke, P & R Al 7 |
W 265 24 B K 3 TR B R TR A 7 HAE HIAIL
HERAL TR AR

A B 9% % UPLC-Q-Exactive—Orbitrap—MS
BORXIPIR G BOK FOR A 1oy 347 1 Vo
B, JLEEE 40 LRy, o 15 A ) JE
TAHUMR BRI, 6 s TEdk. 34
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adenosine monophosphate, cAMP ) A= B 17 #11 #il IfiL
BER SR, HAA — e bk B AT RE .,
N T FEEERR (L v A 2Ly 1k /MR ERB, 5
0 35 A A S U /N B P9 R 20 ) R

AN FERLR KD P friEREA
R PP MR, JLhTBEENLE 2R A
H Ca™, BHWREE MG I, MO K& AEHTEERL
TP Ca® TEEE MG SN HH 5 M 224 B i PR
MGk, PRI A R Y Ca™ o] LA R4 BH L if
WL, ABFSEHR R ALB, 1L6, TNF, INS,
AKT1, ILIB. IL10, AGT. CRP #1 ACE iX 10 />
B B S RORE RN N R P AR A
WAL, Hrp IL-6. TNF, CRP 1 ACE 7£
Il PR 8 B 5 AR PR O AR OG , JF IR YT
TR EE Ty . ALB & AR I3 i B R
FIT, AEPUAE TR S5BEE. 2595 ALB 454
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