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[ Abstract] Objective: To explore the active components, targets, and signaling pathways responsible

for Bushen Zhuyun prescription in treating the recurrent spontaneous abortion (RSA) based on network
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pharmacology and uncover its potential mechanism by molecular docking and in vitro cell experiments.
Method: The active components of Bushen Zhuyun prescription were retrieved from the Traditional Chinese
Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) , Traditional Chinese Medicine
Integrated Database (TCMID) and the published articles, followed by the prediction of drug action targets based
on such platforms as DrugBank and SwissTargetPrediction. GeneCards and Online Mendelian Inheritance in Man
(OMIM) were searched to obtain the RSA targets, which were then intersected with the targets of Bushen
Zhuyun Decoction. Following the plotting of Bushen Zhuyun prescription-compound-target-RSA network by
Cytoscape 3.7.1, the protein-protein interaction (PPI) network was then constructed with STRING for screening
the core network. The resulting common targets were then subjected to Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis using R software. Autodock Vina 1.1.2 was
used for molecular docking. The activation of phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT)
signaling pathway by Bushen Zhuyun prescription was verified in human umbilical vein endothelial cells
(HUVEC) in vitro. Result: It was found that 49 potential active components of Bushen Zhuyun prescription
might act on 133 RSA targets. GO enrichment analysis yielded 470 biological processes, with angiogenesis,
vascular development, cellular proliferation, and oxidative activity mainly involved. KEGG enrichment analysis
revealed 103 signaling pathways (P<0.05) , and the PI3K/AKT signaling pathway, advanced glycation end
product (AGE)/receptor for advanced glycation end product (RAGE) signaling pathway, and tumor necrosis
factor (TNF) signaling pathway were the main ones. As indicated by molecular docking, the Vina scores of the
main active component kaempferol with AKT1 and vascular endothelial growth factor A (VEGFA) were the
lowest and similar. It was confirmed in vitro cell experiments that Bushen Zhuyun prescription activated the PI3K/
AKT signaling pathway and up-regulated the expression of VEGFA and downstream AKT protein to promote
angiogenesis. Conclusion: Bushen Zhuyun prescription promotes angiogenesis at the maternal-fetal interface by
regulating angiogenesis and cellular proliferation, activating the PI3K/AKT pathway, and up-regulated the
VEGFA expression, which is beneficial to the formation of placenta in early pregnancy and the maintenance of
early pregnancy. This study has provided ideas for new drug development.
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Table 1 Potential compounds of Bushen Zhuyun prescription in treatment of RSA
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L, U0 A AR T T R 3 T A
TR R DE R ] X T L IR BoR A
U s P 7 A K R BT iR 1 )y T FH DG A

PPI X 2% w] 1, b B Bl 22 7 e 2% S B 2 1
& AKT1, VEGFA, TNF, IL6 % . AKTI {f % & ,
Al AN ARG R M A AR AR il A AR R
BB AT AKTUEN , Kt Bk = 5 51 it # 4t 57 )
AevR 55, NG R B R EZ I R u =" . W) AT UR B Bk
LN Al AN O e S R Rl = 74 1|
BRI 3 M A VEGFA MR T, B FF 75 W
L A I oY L i KR 1 S o | I
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x2 HBHMBFETRSAHXERS
Table 2 Key targets of Bushen Zhuyun prescription for RSA

UniProt ID e P Hh 3C# 48 44
P35354 PTGS2 Wi B AR R N It Ak A Y -2 prostaglandin G/H synthase 2
P55211 CASP9 e AR K A& J TR & H -9 Caspase-9
P05412 JUN TS A F AP-1 transcription factor AP-1
P42574 CASP3 PR R A& AR & -3 Caspase-3
Q14790 CASP8 e 2 TR K A A TR F -8 Caspase-8
P01137 TGFB1 A KA B-1 5 A transforming growth factor beta-1
P37231 PPARG T2 SR A L W A B B ) RS Ry peroxisome proliferator-activated receptor gamma
P29474 NOS3 N R 41 it — S Ak A A T nitric oxide synthase, endothelial
P31749 AKTI1 RAC-a 22 % B2 /75 % 1R 25 [ 34 RAC-alpha serine/threonine-protein kinase
P01375 TNF Jit 988 IR BE K ¥ tumor necrosis factor
P45983 MAPKS 22 B8R 1% AL R G 8 mitogen-activated protein kinase 8
P03956 MMPI I i 42 A AR A -1 matrix metalloproteinase-1
P42224 STAT1 FRE A s Sr el signal transducer and activator of transcription 1-alpha/beta
P09601 HMOX1 IML£T 28 i 4 1 heme oxygenase 1
P05362 ICAM1 2 Jif ) 286 Bk 43 1 intercellular adhesion molecule 1
P16581 SELE E-#EHR E-selectin
P19320 VCAMI 0L 40 R RS BRF 2R 1 1 vascular cell adhesion protein 1
P00533 EGFR FRAEKETZIK epidermal growth factor receptor
P15692 VEGFA IS N AER T A vascular endothelial growth factor A
P24385 CCNDI G\ /S ¢ 5 1 40 it J& 1 26 1 D, G,/S-specific cyclin-D,
Q07817 BCL2L1 Bel-2-FE & 1 Bcl-2-like protein 1
P38936 CDKNIA PR ZE A0 0 TR O D 5 1A cyclin-dependent kinase inhibitor 1
P08253 MMP2 FE T4 A HR A -2 matrix metalloproteinase-2
P14780 MMP9 e 4 I 1 -9 matrix metalloproteinase-9
P28482 MAPK1 22 38 5 AL AR T 1 mitogen-activated protein kinase 1
P22301 IL10 140 A 3R -10 interleukin-10
P05231 IL6 F 4l % -6 interleukin-6
P04637 TP53 4 i fih 98 B pS3 cellular tumor antigen p53
P04626 ERBB2 % S 2 TR G 7 1 2 receptor tyrosine-protein kinase erbB-2
P60568 IL2 F A A 2 -2 interleukin-2
P01579 IFNG y-TFIE interferon gamma
PO5112 IL4 FLA A 2 -4 interleukin-4
P08254 MMP3 FE 0 4 e B -3 matrix metalloproteinase-3
P01100 FOS JEUR LA c-Fos proto-oncogene c-Fos
P00749 PLAU DR R £ T ) TS ) urokinase-type plasminogen activator

HFE B VEGFA ik W WK R, TNFfE

RZDREAN N T FEON S A L R A

WG AU B4 Rk . Z80E KA TNF &2 3

G 28 M U IR 55 % B A IR 22— A Sl IR I 0 A

ﬁﬁﬁ”ﬂo I PR WL 5% K 30 5% 25 A B2 W 55 4D B b 2
fiE 35 18 U R AR T R R IK R H TNF RE N 7, 1
. 66 .
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regulation of smooth muscle cell proliferation
EGFR CcCL2 oDnc1 IGFBP3 EGF MMP2 L2 RXRA CDKN1A smooth muscle cell proliferation °
" muscle cell proliferation ®
FOS HMOX1 CXCL8 CASP9 SERPINE1 BIRC5 PTGER3 VCAM1 response to reactive oxygen species
8 P extrinsic apoptoyic signaling pathway ° ﬂl‘ ﬁﬁ% //l\
RUNX2  SELP  SOD1  CRP  MAP2  PLAU  GJUAT  APOB  MAPK1 response to lipapolysaccharide d
v % b= response to molecule of bacterial origin ) 16
¥ .5 P & SR é oy epithelial cell migration ° Pt
PPARG NOS3 CASP3 AquE - CAT. ESR1 PTGS2 CAV1 COL1A1 epithelial cell proliferation @
. R } , Z response to oxidative stress ® ® 20
IL10 ADRB2  MAPK14 ~ TNF  IL1B  MYC SELE MTOR  UcP2 P e structure devel ® @ 22
1 iti "iet'sysmfn 11 migrati >
7, N it
HIFfA  AHR  PGR  CD4OLG CXCLIO CASP8  JUN  CCNA2  BCL2Li PO Te e kocyte differerciation 4 g P
& el \ positive regulation of cell motility [ )
MMP1 HSPB1  CASP7  CCNBf1 TYR DPP4 ICAM1 IRF1 ERBB2 response to inorganic substance ® 24
BN Y RN . . response to extracellular stimulus =) 23
S N ~ response to toxic substance ®
L4 NGQAZ TGFB1 ‘MDMZ i NOS2 TNFRSF1A MMP9 AR ESR2 positive of cellular p ® %%
4 - 1% Sar = A apoptotic signaling pathway ®
&2 CCND1 CDK2  ERBB3 INSR PECAM1  ADCY2 RB1 MPO positive regulation of locomotion [
A - blood . ang}jogenesis [
L6 lood vessel morphogenesis { @
Q SRS 35 M e £ BRecs e R blood vessel development - @
ti lation of cell i i
CD44 MAPK8 BAX IFNG GSTP1 STAT1 IGF2 BCL2 SPP1 negRiye otee ®
0.04 0.06 0.08

3 WBEIZ AR RSAW S FHLE PPIR 4
Fig. 3 Molecular mechanism of PPI network in treatment of RSA

by Bushen Zhuyun prescription

ERBB2
CAT
CCL2
IL1B
FOS
CXCL8
MAPKS
MMTP9
EGFR
CASP3
TNF
TP53
AKT1

0 20 40 60 80 100 120
o
B4 #BEIZFET RSAKS FHHEI2SNMEREA
Fig. 4 Top 25 action targets of molecular mechanism of Bushen

Zhuyun prescription in treatment of RSA

B 5 %NS B2 77897 RSA #% 0 module Y 45
Fig. 5 Bushen Zhuyun prescription treatment RSA core module

of network

PI3K/AKT #{ IE 52 A ¢ % /2 . PI3K K& H: R iiiF
AKT 3L [6] 41 it PI3K/AKT {5 5 30 % , 78 £ &+ {5 5
% 2 18] A L 3 3 v R FE AR . 9B I RN IR iR 4

[GE 35
B 6 #EBIZFAT RSAMS FHLH GOEEST
Fig. 6 GO enrichment analysis of molecular mechanism of

Bushen Zhuyun prescription in treatment of RSA

AGE-RAGE signaling pathway in diabetic complications [ ]
IL-7 signaling pathway [ ]
chagas disease [ ] -lg P
TNF signaling pathway ]
Endocrine resistance ° 40

HIF-1 signaling pathway °
'VEGF signaling pathway 20
Hepatitis B 10
Kaposi sarcoma-associated herpesvirus infection A
Estrogen signaling pathway /-
Hepatitis C %E).]—.iﬁﬁ !
Influenza A [
human cytomegalovirus infection [ ] 020
HTLV-I infection
MAPK signaling pathway
MicroRNAs in cancer
Pathways in cancer

Fluid shear stress and atherosclerosis (] 30
L
[
Measies (4
[
.
]
Proteoglycans in cancer [ ] 10
Human T-cell virus 1 infection
PI3K-Akt signaling pathway

human papillomavirus infection
Herpes simplex virus 1 infection { ®

0.05 0.10 0.15 0.20
WA
B7 #BEZFETRSANS FHH KEGG & B E £
of molecular

Fig. 7 KEGG pathway enrichment analysis

mechanism of Bushen Zhuyun prescription in treatment of RSA

R3 WIEHMBFARTRSANS FHEESEE

Table 3  Molecular docking binding energy of Bushen Zhuyun
prescription in treatment of RSA
&Y AKTI VEGFA TNF EGF IL6 TP53
it e & -5.99  -495  -6.17 -6.19 -5.76 -7.04
IR B -7.67 -7.55  -6.71 -697 -6.83 -6.63
B-4% (i 1 -5.22 -724  -7.01 -6.80 -7.12 -6.28
ENZES -6.62 =514 626 -6.11 -4.67 -542
S RER -5.88 -7.43  -627 -551 -4.87 -4.96
WA TIRRR  -4.55 -4.69  -4.77 -490 -4.64 -4.63

S I8 b AR S R G R AT R Y OGS . BE IR
5%, PI3K/AKT {55 53 [t AN {0 24 45 40 i 1% 5 L 531k
S AR R BIME A, A Y 2 B R R AT T
FURMENTO %58 53 UE ] , PI3K/AKT {5 5 38 4% 7%
fbJ5 25 T VEGF 19 50 Wb, 76 W6 35 D ge 8 1 vhm] Il
AR A R A, T E R AR R . 47 PIBK/AKT (5
530 % L2 00 R I A TR e A R 2 B
LSO 48 90 6 i Y 1 e A R = . TNFE
. 67 .
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8 LIEE-AKTI(a) R WERB-VEGFA(b) 5 F Xt #4#
Fig. 8 Molecular docking model of kaempferol-AKT1 (a) and
kaempferol-VEGFA(b)

AKT] SR i S s 60 kDa
T—
VEGE S SN S g 20 kD2

GAPDH M- S S s 7 kDa
A B C D
A. IE# 41 ; B. BSZYF 12.5 mg-L" 41 ; C. BSZYF 25 mg-L ' 41 ;
D.BSZYF 50 mg- L4
B9 #BEEZFREARIEFRFMET AKT1, VEGF Rk Bk
Fig. 9 Electrophoresis of AKT1 and VEGF expression under

different Bushen Zhuyun prescription concentrations

x4 IERRAREFEEFFZMHT AKTIU/VEGF RixKF it
B (¥+s,n=3)
Table 4 Comparison of expression levels of AKT1/VEGF under

different concentrations of Bushen Zhuyun prescription (x+s,7=3)

20 5 PRt AKT1/GAPDH VEGF/GAPDH
/mg- L
EH 1.00+0.00 1.00+0.00
BSZYF 12.5 0.97+0.04 1.38+0.07"
25 1.87+0.082 1.40+0.03"
50 1.91£0.112 2.09+0.11%

5 IE W A Y P<0.05,2P<0.01, B¢ IE 4 20 4 15 b5 25 14 A %
h TNF {5 538 % v 5 2 A9 4 i R, o) LA 3 2
N 5 3 % . BP9 R R — % TNF [H 7
R T IR T KAR 34 A 6e & Rl . ZOLTI
SRk B Y A Ak B 6L ASURE 48 B Fr B 6~8
ARG B ELAs TNF 3G PE . AR BV B R, MR iR 4 0
R LR UL R RS R R R I R AR i TR
B AR YR 4R A LA ORI

O3 F X R AN S Bl 22 07 0 PR Bl 43
5 AKT1 45 11, VEGFA % 145 & M de i . R 4h 20
i 552 6 25 IR SRR B Bl A O v e v R AT I A
AKT1 % 1%k , 3% 1k PI3K/AKT i #% , 15 VEGF

.68.

M FRIR i 22 B i A 10 i AR BT R T 2
TG 2 00 T8 B R R 2R 45 R BIE 9T RSA
EH .

S5 5 N 2% 24 2 Gy T R RN AN G S 56 1 4
S NI )P BN N = ) Rl B I G R U R o e
PI3K/AKT il #9497 RSA . 4N Bl 282 J5 il #0455 A
i# 3 TS PIBK/AKT 3 %, 2 #F VEGF IRy R ik,
T PN R A A T B I A P R Al AR T
S I R R I PN R A R T RIS A A, 4k
SRAT R

ZE B R WF 58 5L T R 45 24 3 2 45 4 IR A1 4 it
SR W T ANE BT 2 -2 N -2
B 036 7 0 IE B R T 0 & A AR AR IR
RSA 4518, Ay v 2 1l 55035 Ko i A 4 AR 4l o {H3%
W 0 A8 A B B &0 B B 22 O e AT G & IR O ik &
RIS 8], PR A 15 2l 52 0 PN A PR i I e
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