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Abstract
Background: To explore Bushen Huoxue Decoction (BHD) mechanism in recurrent spontaneous abortion
(RSA).

Methods: We predicted and screened the action targets of four Traditional Chinese Medicine
representatives by Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform, and searched the disease targets of RSA through Drugbank, DisGeNET, and TTD databases.
According to the obtained drug targets and disease targets, the "drug target-disease target" interaction
network was further analyzed and constructed. The core target of BHD for treating RSA was were
imported to establish in STRING. GO and KEGG pathway analysis were conducted with the RStudio
(ggplot2). Finally, HTR-8/SVneo cells were selected to establish a cell model of oxidative stress, and the
network pharmacologic results of BHD-RSA were veri�ed by cell biology, Western blot and qRT-PCR.

Results: A total of 73 active compounds were obtained from 1084 ingredients present in the BHD, and
125 genes were closely related to RSA. According to the "drug target-disease target" interaction network
analysis, 26 core targets of BHD for treating RSA were �nally selected, and 203 biological processes, 10
molecular functions, and 10 cell components were enriched by GO function enrichment. KEGG pathway
enrichment related pathways, a total of 19, are mainly associated with a Neuroactive ligand-receptor
interaction pathway. Experimental results show that compared with the oxidative stress cell model of
RSA, BHD increases the expression of PTGFR, AGTR1 and OXTR mRNA by upregulating the expression of
PTGFR, AGTR1 and OXTR protein, which may interfere with the occurrence and development of RSA
through Neuroactive ligand-receptor interaction pathway.

Conclusion: Combined with the pathological mechanism of RSA and the absence of speci�c signaling
pathways, we hypothesized that the BHD might play a role in tonifying the kidney, strengthening the bone,
promoting blood circulation, and removing blood stasis it also can virtually relieve the symptoms of RSA,
and our network pharmacological analysis lays the foundation for future clinical research.

These results may help de�ne the possible roles the BHD plays in RSA through Neuroactive ligand-
receptor interaction pathway.

1 Introduction
Recurrent spontaneous abortion (RSA), occurring in 1% of fertile couples(1, 2), is a pregnancy
complication with a heterogeneous nomenclature (recurrent pregnancy loss, recurrent miscarriage,
habitual abortion) and de�nition (3). RSA is de�ned as three or more consecutive abortions with the same
partner (1, 2, 4), affecting 0.5%-3% of women at the reproductive age (5). Due to multiple and complex
diseases, in 50%-60% of RSA patients, the causative agent cannot be identi�ed except the known causes,
such as abnormal reproductive tract junction, reproductive tract in�ammation, chromosomal
abnormalities, endocrine disorders, immune dysfunction, pre-thrombotic state, etc. (5). Clinical studies
(6)have found that the risk of spontaneous abortion in the next pregnancy in such patients is as high as
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70% ~ 80%, which seriously affects the patients' physical and mental health. Due to complex causes
involved in pregnancy loss and few evidence-based diagnostic strategies, RSA's etiology remains
unexplained in more than half of those affected (7). Unfortunately, in 50% of the cases, RSA's cause
remains unknown, and that group is de�ned as unexplained RSA.

RSA belongs to the categories of "slip pregnancy", "multiple abortions" and "repeated pregnancy abortion"
in Traditional Chinese medicine. The treatment is advocated to use invigorating qi and kidney, clearing
heat, and pacifying fetus. Some doctors believe that RSA should be used at the same time to promote
blood circulation, blood stasis is closely related to fetal slip, and blood stasis is the pathological product
of kidney de�ciency. After the repeated abortion, kidney qi de�ciency, blood circulation in the cytoskeleton
is not smooth, fetal yuan loss and nourishment leads to abortion.

Traditional Chinese medicine (TCM) has been widely used in China for thousands of years. Chinese
herbal medicine (CHM) has become a treatment option in many cancer centers in Asia, Western countries,
and Africa (8–10).

Chinese herbal formulae always contain many kinds of herbs and could affect many targets, so herbal
formulae's mechanisms are hard to understand. Network pharmacology, �rst proposed by Andrew L
Hopkins (11), brings the hope to study the effective constituents and targets of herbs in a traditional
Chinese formula, is to explore the relationship between drugs and diseases on the whole and explain the
"multi-component, multi-target and multi-approach" pharmacological mechanism of single drugs or
compound drugs, which is not compatible with the holistic concept of Traditional Chinese medicine (12).
It has made signi�cant pharmacology research achievements, new drug discovery, drug repositioning,
and other aspects.

The traditional Chinese medicine systems pharmacology database and analysis platform (TCMSP) as a
digital repository of traditional medicines. It can predict pharmacological targets and speci�c maladies of
every dynamic compound and is a primary analytical tool in network pharmacology that helps determine
the complex interactions between drugs and targets (13). Network pharmacology has helped elucidate
several TCM formulations' mechanism so far (14, 15). As a result, the various public availability of
network pharmacology platforms and other bioinformation databases (16) enable us to put TCMs-based
drug discovery strategy into practice.

In this study, we used the network pharmacology approach to explore Bushen Huoxue Decoction (BHD) 's
potential mechanism in treating RSA. We �rst �ltered the TCMSP database for BHD's active compounds
and identi�ed the targets, followed by mining for disease-related genes and network analysis of those
genes.

2 Materials And Methods

2.1 RSA signi�cant genes collection
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RSA signi�cant genes were collected from 3 databases, TTD (http://db.idrblab.net/ttd/) (17), Drugbank
(https://www.drugbank.ca/) (18) and DisGeNET (https://www.disgenet.org/) (19). The database was
searched using the keyword 'recurrent spontaneous abortion' and 'spontaneous abortion', which yielded
125 known RSA-related genes of Homo sapiens. The repeated genes between the two databases were
removed. To normalize the gene information, different ID types were converted to Uniprot
(http://www.uniprot.org/) (20)[20]).

2.2 Chemical Components of Each representative Herb in
BHD
To screen the active ingredients of BHD, we used the TCMSP database (http://tcmspw.com/tcmsp.php)
(13). TCMSP is a unique systems pharmacology platform designed explicitly for Chinese medicine that
contains information on their ADME characteristics and captures the relationships between disease,
targets, ingredients, and drugs (21).

2.3 Pharmacokinetic Prediction of BHD
The chemical ingredients were collected from TCMSP Database (13). The ingredients were screened
according to oral bioavailability (OB) and drug-likeness (DL) values. Speci�cally, the ingredients in the
BHD meeting the criteria of OB ≥ 30% and DL ≥ 0.18 were chosen as candidate ingredients for further
analysis.

OB refers to the percentage and rate of the release and absorption of active ingredients into the systemic
blood circulation and is an essential pharmacokinetic index of oral drugs (22). It is also an important
index to objectively evaluate the intrinsic quality of oral medications (23), particularly in the drug
administration of most oral Chinese herbal formulas (24). DL is de�ned as a tricky balance of structural
features and various molecular properties, determining whether the particular molecule is similar to the
known drugs (23). These parameters, such as hydrogen bonding characteristics and hydrophobicity,
mainly in�uence molecules' behavior in living organisms, which ultimately affects their transport
properties, an a�nity for proteins, metabolic stability, and many other properties.

2.4 Potential Targets of the Chemical Components of
Bushen Huoxue method
We chose the TCMSP database as the primary source of component-target data and obtained each herb's
target protein names in BHD. Only the proteins that had interactions with the bioactive components in
BHD we had already obtained were selected. Then, we converted the target protein names of the bioactive
components of BHD into gene names with the species limited into "Homo sapiens" with the UniProt
Knowledgebase (UniProtKB, http:// www.uniprot.org) (25).

Target �shing was performed to search for or predict the potential targets of small molecules. The
validated targets were extracted from SwissTargetPrediction (http://www.swisstargetprediction.ch/) (26).

http://db.idrblab.net/ttd/
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The predicted targets were obtained using PubChem (https://pubchem.ncbi.nlm.nih.gov/) (27), an online
tool for predicting targets based on 3D similarity.

2.5 RSA-BHD gene network establishment
To illustrate the possible interaction between RSA-related targets and the potential targets of BHD, we
intersected the potential targets of BHD and RSA-related drug targets. We obtained the intersecting
targets with Venn Diagram (http://bioinformatics.psb.ugent.be/webtools/Venn/). The overlapping target
proteins of RSA and BHD were used to construct a protein-protein interaction (PPI) network with multiple
protein patterns on the Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) platform
(https:// string-db.org/, version 11.0). We set the organism type to "Homo sapiens" and left the default
settings in place for the other parameters. Then, we exported the downloaded "string_interactions.tsv" �le
and imported it into Cytoscape 3.8.2 to obtain the PPI network and perform network analysis. In the
network, nodes represent the target proteins, and edges represent the interaction between proteins.

The ingredients-targets networks were constructed for these herbs using Cytoscape software46 (Version
3.8.2). The networks were analyzed using Cytoscape to calculate topological parameters, including the
degree, betweenness, closeness and centroid. The signi�cant nodes representing putative major
ingredients and major targets of herbs were explored.

2.6 GO and KEGG Pathway Enrichment Analysis
Gene Ontology (GO, http://www.geneontology.org/) and Kyoto Encyclopedia of Genes and Genomes
(KEGG, http://www.genome.jp/kegg/) pathway analysis were used to analyze the primary
pharmacological units. GO is a database that functionally annotates genes and proteins into three main
terms-cellular components (CC), molecular functions (MF), and biological processes (BP) (28) and
pathway analysis reveals the possible biological processes with essential hub genes. KEGG is a database
for determining the high-level functions and biological relevance of a large set of genes (29). The
molecular action of the mechanism of BHD could be elucidated by analyzing the signi�cant GO terms
and pathways of the overlapping genes. The Cytoscape and RStudio 4.0.2 (ggplot2) were used to
integrate the GO terms with KEGG pathways (30). We selected the standard P-value cutoff of 0.05 and
performed the enrichment analysis.

2.7 Experimental validation

2.7.1 Preparation of BHD water extract
Radix Salviae, Chuanxiong Rhizoma, Cuscutae Semen and Eucommiae Cortex were into powder. A total
of 40 g powder was weighed and soaked in water for 12 h at 4℃. BHD aqueous solution was boiled to
100 ml, that is, the concentration of BHD water extract reached 40 mg/mL, and BHD crude water extract
was obtained through rough �ltration through 3 layers of sterile nylon mesh with an aperture of 0.15 mm.
BHD crude water extract was isolated for 10 min at 1200 g, the supernatant was collected, and then
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�ltered with 0.22 µm �lter membrane to obtain the mother liquor of BHD water extract, which was stored
at -20℃ for standby use.

2.7.2 Cell culture, Reagents and antibodies
HTR-8/SVneo cells (provided by Dr. Charles Graham, Queen’s University of Canada) at the logarithmic
growth stage were cultured in a 37°C, 5% CO2 incubator plated on a six-well culture plate at a density of 1 

× 105 cells per well. After 24 hours, H2O2 (Sigma-Aldrich, USA) was added at concentrations of
300 µmol/L and 3hours to the culture to establish an oxidative stress model of HTR-8/SVneo cells
(Model). Cells in the experimental group were incubated with gradient diluted BHD water extracts
(1 mg/mL, 5 mg/mL, 10 mg/mL, 20 mg/mL) for 48 h, and cells without any treatment were used as the
control group (Control). The morphology of the cells was observed under an inverted microscope.

PTGFR was obtained from Abcam (Cambridge, UK), and other antibodies were obtained from Proteintech
(Chicago, USA). PTGFR (ab126709, 1:2000), AGTR1(25343-1-AP, 1:500), OXTR (23045-1-AP, 1:1000),
GAPDH (10494-1-AP, 1:5000).

2.7.3 Cell activity assay by CCK-8
After the culturing period had elapsed, the culture supernatant was removed and washed twice with PBS.
Then 110 µL of CCK-8 working solution was added (prepared in advance at a volume ratio of CCK-8
solution to culture medium of 1:10). This mixture was incubated in 37°C for 2 hours, and then the
absorbance (expressed as the optical density [OD]) value of each well at 450 nm was detected using an
automatic enzyme scale. The cell survival rate was calculated using the following formula: survival rate
(%) = (experiment-group OD – blank-pore OD) / (control-group OD – blank pore OD) × 100%.

2.7.4 Western blot
Cultured cells were harvested with a rubber scraper and washed twice with cold phosphate-buffered
saline (PBS). Cell pellets were lysed and kept on ice for at least 20 min in RIPA lysis buffer (Millipore),
with phenylmethylsulphonyl �uoride and protease inhibitors cocktail (Thermo Scienti�c). The lysates
were cleared by centrifugation, and the supernatants were collected. The BCA assay quanti�ed proteins,
and loading buffer 5X was added to the proteins which were incubated for 5 min at 95 °C. Then, proteins
were loaded on an SDS-PAGE polyacrylamide gel, transferred to Immobilon-P PVDF membrane
(Millipore), probed with the appropriate primary antibodies, and detected by chemiluminescence (ECL,
Thermo Scienti�c). Images were then acquired with an Image-Lab software (Bio-Rad). Image analysis of
western blots was performed with Image-Lab analyzer software.

2.7.5 Quantitative real-time polymerase chain reaction (qRT-
PCR)
According to the manufacturer's instructions, total RNA was extracted from cell cultures using TRIzol®
(Life Technologies, Carlsbad, CA). RNA (1 µg) was reverse transcribed to cDNA templates using iScript
cDNA synthesis kit (Bio-Rad, Hercules, CA). For semiquantitative RT-PCR, cDNA (25 ng) was ampli�ed
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using SYBR® Green PCR Master Mix (Life Technologies) and oligonucleotide primers for speci�c target
sequences on an Applied Biosystems 7500 Real-Time PCR system. RT-PCR parameters were as follows:
denaturating at 95 °C for 10 min, followed by 40 cycles of denaturing at 95 °C for 15 s and
annealing/extension at 60 °C for 60 s. The system software automatically calculated threshold cycles
(Ct). The expression of GAPDH normalized the expression level of the target mRNA. The collected data
were quanti�ed using the 2−ΔΔCt method. Primer sequences are listed:

Homo PTGFR:

Forward: 5′- CTGTGGAGTGCATGTCATC − 3′

Reverse: 5′- GGTGACTCAGAAATAGCAGCAA − 3′

Homo AGTR1:

Forward: 5′- AACAGCTTGGTGGTGATCGTC − 3′

Reverse: 5′- -CATAGCGGTATAGACAGCCCA − 3′

Homo OXTR:

Forward: 5′- TGCTACGGCCTTATCAGCTT − 3′

Reverse: 5′- CTCCACATCTGCACGAAGAA − 3′

Homo GAPDH:

Forward: 5′-GCCATCACTGCCACCCAG-3

Reverse: 5′-TCTTACTCCTTGGAGGCCATGT-3′

2.7.6 Statistical analysis
All data are expressed as mean ± SD, obtained from more than three independent experiments, and
analyzed by GraphPad Prism 8.0 (GraphPad Software, CA, USA). Statistically signi�cant differences (*P < 
0.05, **P < 0.01) were examined using the Student's t-test and one-way ANOVA.

3 Result

3.1 RSA-Related Target Network
The RSA is a complex polygenic, multifactorial disorder. This study obtained 125 targets related to PCOS
through the TTD database, Drugbank database, and DisGeNET database.

3.2 Chemical Ingredients of BHD
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A total of 76 chemical ingredients passed the �lters of OB ≥ 30% and DL ≥ 0.18 of the four herb
medicines were retrieved from TCMSP, including 43 ingredients in Radix Salviae, 3 ingredients in
Chuanxiong Rhizoma, 10 ingredients in Cuscutae Semen, and 20 ingredients in Eucommiae Cortex.
Remove all duplicates, the pharmacokinetic properties of the 73 ingredients are shown in Table 1.
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Table 1
Active compounds properties

Latin name Molecule Name OB (%) DL

Radix Salviae

Chuanxiong
Rhizoma

Cuscutae Semen

Eucommiae Cortex

Poriferasterol

poriferast-5-en-3beta-ol

isoimperatorin

sugiol

Dehydrotanshinone II A

Baicalin

digallate

luteolin

α-amyrin

5,6-dihydroxy-7-isopropyl-1,1-dimethyl-2,3-
dihydrophenanthren-4

2-isopropyl-8-methylphenanthrene-3,4-dione

3α-hydroxytanshinone a

(E)-3-[2-(3,4-dihydroxyphenyl)-7-hydroxy-benzofuran-4-yl]

4-methylenemiltirone

2-(4-hydroxy-3-methoxyphenyl)-5-(3-hydroxypropyl)-7-
methoxy

6-o-syringyl-8-o-acetyl shanzhiside methyl ester

formyltanshinone

3-beta-Hydroxymethyllenetanshiquinone

Methylenetanshinquinone

przewalskin a

przewalskin b

Przewaquinone B

przewaquinone c

(6S,7R)-6,7-dihydroxy-1,6-dimethyl-8,9-dihydro-7H-naphtho

sclareol

tanshinaldehyde

Danshenol B

43.83

36.91

45.46

36.11

43.76

40.12

61.85

36.16

39.51

33.77

40.86

44.93

48.24

34.35

62.78

46.69

73.44

32.16

37.07

37.11

110.32

62.24

55.74

41.31

40.31

43.67

52.47

57.95

0.76

0.75

0.23

0.28

0.4

0.75

0.26

0.25

0.76

0.29

0.23

0.44

0.31

0.23

0.4

0.71

0.42

0.41

0.36

0.65

0.44

0.41

0.4

0.45

0.46

0.21

0.45

0.56
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Latin name Molecule Name OB (%) DL
Danshenol A

Salvilenone

cryptotanshinone

dan-shexinkum d

danshenspiroketallactone

deoxyneocryptotanshinone

dihydrotanshinlactone

dihydrotanshinone

epidanshenspiroketallactone

C09092

isocryptotanshi-none

Isotanshinone II

manool

microstegiol

miltionone 

miltionone 

miltipolone

Miltirone

miltirone 

neocryptotanshinone ii

neocryptotanshinone

1-methyl-8,9-dihydro-7H-naphtho[5,6-g]benzofuran-6,10,11

prolithospermic acid

(2R)-3-(3,4-dihydroxyphenyl)-2-[(Z)-3-(3,4-
dihydroxyphenyl)acryloyl]

(Z)-3-[2-[(E)-2-(3,4-dihydroxyphenyl)vinyl]-3,4-dihydroxy-
phenyl]

salvianolic acid g

salvianolic acid j

salvilenone 

56.97

30.38

52.34

38.88

50.43

49.4

38.68

45.04

68.27

36.07

54.98

49.92

45.04

39.61

49.68

71.03

36.56

38.76

44.95

39.46

52.49

34.72

64.37

109.38

88.54

45.56

43.38

32.43

31.72

0.52

0.38

0.4

0.55

0.31

0.29

0.32

0.36

0.31

0.25

0.39

0.4

0.2

0.28

0.32

0.44

0.37

0.25

0.24

0.23

0.32

0.37

0.31

0.35

0.26

0.61

0.72

0.23

0.24
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Latin name Molecule Name OB (%) DL
salviolone

NSC 122421

Tanshindiol B

Przewaquinone E

tanshinone iia

(6S)-6-(hydroxymethyl)-1,6-dimethyl-8,9-dihydro-7H

tanshinone 

Mandenol

Perlolyrine

senkyunone

sitosterol

sesamin

NSC63551

isorhamnetin

beta-sitosterol

kaempferol

campest-5-en-3beta-ol

Isofucosterol

matrine

CLR

Quercetin

40957-99-1

Mairin

beta-sitosterol

kaempferol

Erythraline

Acanthoside B

AIDS214634

3-beta-Hydroxymethyllenetanshiquinone

34.49

42.67

42.85

49.89

65.26

45.64

42

65.95

47.66

36.91

56.55

39.25

49.6

36.91

41.88

37.58

43.78

63.77

37.87

46.43

57.2

55.38

36.91

41.88

49.18

43.35

92.43

32.16

48.96

0.28

0.45

0.45

0.4

0.45

0.3

0.19

0.27

0.24

0.75

0.83

0.76

0.31

0.75

0.24

0.71

0.76

0.25

0.68

0.28

0.62

0.78

0.75

0.24

0.55

0.77

0.55

0.41

0.24
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Latin name Molecule Name OB (%) DL
ent-Epicatechin

Yangambin

Eucommin A

(+)-medioresinol

(-)-Tabernemontanine

Cyclopamine

Dehydrodieugenol

Cinchonan-9-al, 6'-methoxy-, (9R)-

GBGB

Helenalin

(+)-Eudesmin

4-[(2S,3R)-5-[(E)-3-hydroxyprop-1-enyl]-7-methoxy-3-methylol

quercetin

beta-carotene

(E)-3-[4-[(1R,2R)-2-hydroxy-2-(4-hydroxy-3-methoxy-phenyl)-1

Syringetin

57.53

30.51

87.19

58.67

55.42

30.1

68.22

45.58

77.01

33.29

50.76

46.43

37.18

56.32

36.82

0.81

0.85

0.62

0.61

0.82

0.24

0.4

0.83

0.19

0.62

0.39

0.28

0.58

0.36

0.37

3.3 Putative major ingredients and major targets of BHD
A total of 6682 potential targets from the 73 ingredients were retrieved from the TCMSP database. After
eliminating the overlapping proteins, 1084 related proteins were obtained and converted into gene names
with the species limited into "Homo sapiens" based on the UniProtKB.

Ingredient-target networks were constructed for the 4 herbs (Fig. 3). The major putative ingredients and
targets of each herb were listed in Table 2.
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Table 2
The putative major ingredients and major targets of 4 herbs

Latin name Number of ingredients Major ingredients Major targets

Radix Salviae

Chuanxiong Rhizoma

Cuscutae Semen

Eucommiae Cortex

43

3

10

20

Dehydrotanshinone II A

Methylenetanshinquinone

Danshenol A

Cryptotanshinone

tanshinone iia

Mandenol

Sitosterol

campest-5-en-3beta-ol

beta-sitosterol

Isofucosterol

CLR

40957-99-1

(+)-medioresinol

Syringetin

quercetin

kaempferol

ACHE

HSD11B1

AKR1B1

CYP19A1

ADORA2A

SRC

MTNR1B

MTNR1A

NPY5R

ESR2

PLA2G1B

AKR1B10

CYP19A1

ADORA2A

PIM1

CDK2

EGFR

CDK1

Figure 1(A) shows that the Radix Salviae network consisted of 918 nodes and 4300 edges, containing
875 predicted targets. The network analysis revealed that beta-sitosterol (1 validated target, 59 predicted
targets) was predicted as the major ingredient in Radix Salviae. Genes such as ESR1, KRAS, and PTGS2
were predicted as the major targets of RST for the Treatment of HCC. As shown in Fig. 1(B), the
Chuanxiong Rhizoma network consisted of 245 nodes, 300 edges, including 242 predicted targets.
Among the ingredients of Chuanxiong Rhizoma, beta-sitosterol was also predicted as a major ingredient.
Genes such as ESR1, KRAS, and AURKA were predicted as major targets of FC for the Treatment of HCC.
The Cuscutae Semen network consisted of 410 nodes, 1000 edges, and contained 400 predicted targets
(Fig. 1(C)). Galacturonic acid (0 validated targets, 52 predicted targets) was predicted as the major
ingredient of Cuscutae Semen for the Treatment of RSA, and ASS1, GSTP1, and NOS2A were predicted as
the major targets of CT. The Eucommiae Cortex network consisted of 758 nodes, 1982 edges, including
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738 predicted targets (Fig. 1(D)). Beta-sitosterol was also the major ingredient, and genes such as KRAS,
CCNA2, and ESR1 were predicted as major targets of Eucommiae Cortex for RSA's treatment.

As shown in Table 2, although many ingredients may contribute to herbs' RSA treatment effects,
researching the major ingredients is a practical approach to elucidate the pharmacological mechanisms
of herbs' action. In this study, network pharmacology was applied to explore the major ingredients.

3.4 Network analysis
Among the above 125 RSA-related targets, BHD shared 26 common targets with RSA (Fig. 2). The 26
putative therapeutic targets were imported into the STRING database to establish the putative therapeutic
target PPI network. The "string_interaction.tsv" �le was then imported into Cytoscape 3.8.2 to perform
network analysis. The network had 26 nodes, which interacted with 24 edges. The average node degree is
1.85, and the average local clustering coe�cient is 0.544.

In such a network, a node can represent a herb, a compound, or a gene/protein, and an "edge" is an
association between the nodes. The "degree" of a hub is the number of edges associated with it, and the
"betweenness" of a hub is the number of closest associations. The nodes whose connectivity was more
signi�cant than twice the median of all nodes are selected as the network's hub nodes. The hubs with
high centrality are considered the key hubs in a network. From yellow to green in our network, the degrees
of freedom increase suggest stronger interactions (Fig. 3). These results demonstrate that these targets
are closely related to others in the network and may play key roles in RSA. The targets of 26 putative
therapeutic targets in the Treatment of RSA include HSD17B1, MMP7, PREP, OXTR, PTGFR, AHR, DHFR,
HSD3B1, JAK2, F2, TGFBR1, AGTR1, PTGIR, MMP12, F13A1, PTGER2, RBP4, MGAT2, LGALS3, MAP2,
CHIA, GLS, IL1B, IGFBP3, CYP24A1, and DRD1. Our results indicated that the top mutual target proteins
have various bene�cial functions for treating RSA at the molecular level.

3.5 GO Functional Enrichment Analysis
GO functions of the RSA speci�c drug targets were annotated to clarify the mechanism of action of BHD
in RSA. GO enrichment analysis was performed on the 26 targets using DAVID database
(https://david.ncifcrf.gov/) and RStudio (ggplot2). The most enriched terms in GO analysis are shown in
Figs. 4.

In detail, and the top 10 BP terms were mainly enriched in elevation of cytosolic calcium ion
concentration; cytosolic calcium ion homeostasis; positive regulation of transport; cellular calcium ion
homeostasis; calcium ion homeostasis; cellular metal ion homeostasis; metal ion homeostasis; cellular
di-, tri-valent inorganic cation homeostasis; regulation of cell proliferation; di-, tri-valent inorganic cation
homeostasis.

The top 10 CC terms were mainly enriched in extracellular region part; extracellular space; integral to
plasma membrane; intrinsic to plasma membrane; extracellular region; cell fraction; membrane fraction;
insoluble fraction; plasma membrane part; caveola.
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And the top 10 MF terms were prostaglandin receptor activity; icosanoid receptor activity; prostanoid
receptor activity; endopeptidase activity; steroid dehydrogenase activity, acting on the CH-OH group of
donors, NAD or NADP as acceptor; sugar binding; peptide binding; steroid dehydrogenase activity;
peptidase activity, acting on L-amino acid peptides; peptidase activity.

3.6 KEGG pathway Analysis
To clarify these targets' biological actions, we performed KEGG analysis and pathway enrichment
analysis with the DAVID database and RStudio (ggplot2) database. We listed the genes of major RSA
putative therapeutic targets. We imported them into RStudio to generate relevant pathways that might
have an essential in�uence on the biological process of BHD in treating RSA. Pathways with an adjusted
P-value < 0.05 were considered signi�cant.

A total of 19 signaling pathways were signi�cantly enriched through pathway enrichment analysis. In the
bubble diagram (Fig. 5), the nodes' color and size were determined according to the related genes'
numbers and P-values. The color from pink to purple re�ects the adjusted P-values from large to small,
and the node size indicates the number of related genes. The bubble chart was separately arranged
according to the P-value and the number of related genes.

According to the P-value, the Neuroactive ligand-receptor interaction;Th17 cell differentiation; AGE-RAGE
signaling pathway in diabetic complications; Calcium signaling pathway; Renin-angiotensin system;
Metabolic pathways; Antifolate resistance; Cushing's syndrome; cAMP signaling pathway; Ovarian
steroidogenesis were within the top 10 terms.

According to the number of related genes, Neuroactive ligand-receptor interaction; Metabolic pathways;
Th17 cell differentiation; AGE-RAGE signaling pathway in diabetic complications; Calcium signaling
pathway; Pathways in cancer; Cushing's syndrome; cAMP signaling pathway; Renin-angiotensin system;
Antifolate resistance were in the top 10 terms.

The overlapping terms of the above lists included the Neuroactive ligand-receptor interaction; Metabolic
pathways; Th17 cell differentiation; AGE-RAGE signaling pathway in diabetic complications; Calcium
signaling pathway; cAMP signaling pathway.

3.7 CCK-8 assay was used to detect the optimal adaptive concentration activity of BHD on HTR-8/SVneo
cell oxidative stress model

As shown in Fig. 6B, the cell survival rate of HTR-8/SVneo cells after treatment with BHD by CCK-8, the
experimental group was over 80% in the BHD water extract concentration of 1 mg/mL and 5 mg /mL
after 48 h (P < 0.01). Observed according to Fig. 1 the results showed that different concentrations of
extracts from BHD and cell incubation culture after 48 h, Control group has no obvious change, and add
10 mg/mL, 20 mg/mL BHD water extract of experimental group cells appear obvious morphological
changes and pathological changes, including cells, shrinkage, it becomes off from cell culture on the
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surface, etc. (Fig. 6A). Combine the two results, 5 mg/mL was taken as the maximum safe working
concentration of BHD water extract.

3.8 BHD participated in the treatment of RSA through the
pathway
To investigate whether our previous bioinformatics results are correct. According to the results of KEGG,
Neuroactive ligand-receptor interaction pathway was selected for veri�cation, and genes enriched in this
pathway were selected We veri�ed whether BHD has a certain therapeutic effect on RSA. The western blot
results (Fig. 6C, Fig. 7DEF) showed that the expression of PTGFR, AGTR1 and OXTR were signi�cantly
increased in the Model group rather than the Control group (P < 0.05). And the experimental group
(5 mg/mL) rather than Model group (P < 0.05). Meanwhile, to con�rm the results of western blotting in the
cells, qRT-PCR analysis of BHD water extract in RSA treatment is shown in Fig. 7ABC. The results of
PTGFR, AGTR1 and OXTR genes expression detected by qRT-PCR showed that the expression level of
PTGFR, AGTR1 and OXTR genes were signi�cantly decreased compared with the model group when the
water extract (5 mg/mL) with a safe concentration gradient was added to the cells in the experimental
group (P < 0.05).

4 Discussion
TCM, consists of complex formulations that have hitherto been di�cult to characterize, thus limiting their
widespread clinical use, the disease name of RSA is "slippery fetus" and "multiple abortions", which also
belong to the category of "repeated pregnancy and repeated abortion", which refers to abortion or
miscarriage occurring for 3 consecutive times or more (31). TCM has a long history in treating menstrual
diseases and infertility and has achieved sound effects (32). TCM advocates the principles of pre-
cultivation, prevention before pregnancy, survival without death, and prevention of pregnancy and
change. The method of tonifying kidney, activating blood circulation and removing blood stasis has been
used to treat slippery fetus since ancient times. Recent studies have shown that kidney de�ciency and
blood stasis are the primary syndrome type of recurrent �ow induced by pre-thrombotic and unknown
causes. Although Huo Xue drugs are contradictions for pregnancy, they follow the treatment principle of
"there was a cause without a disappearance, nor a disappearance, and most of them were lost" in < 
Suwen · Liuyuan Zhengji Grand Essay >. The doctors should not be prejudiced-out and cautious. The
method of Bushen Huoxue can achieve a good curative effect in the treatment of recurrent abortion.

In this study, several network pharmacology-based methods were used to predict potential targets. This
approach provides new clues to exploring ethnopharmacology and herbal or even TCM formulas. By
analyzing the putative therapeutic target network and biological functions by GO and KEGG function
enrichment, the potential pharmacological and molecular mechanisms of BHD in treating RSA were
preliminary revealed.
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The drug-target network and the RSA network had 26 overlapping genes, were enriched in 19 pathways,
and are likely the key pathway involved in RSA treatment. According to the P-value and Ration of KEGG
pathway enrichment, we hypothesized that BHD plays a role in tonifying kidney and activating blood
stasis by regulating the Neuroactive ligand-receptor interaction. Therefore, we conducted a series of
experiments to con�rm that BHD participates in this pathway during the treatment of RSA.

Neuroactive steroids are hormones that act as regulators of neurotransmitter receptors to either enhance
or suppress neuronal activity. The effect of steroid exhibits marked stereoselectivity, suggesting a ligand-
receptor interaction. According to the literature, neuroactive steroid in�uences the modulation of fetal
neurodevelopment (33). Neuroactive ligands affect neuronal function by binding to intracellular receptors,
which can bind transcription factors (34). The number of apoptotic cells in the brain and central nervous
system of zebra�sh embryos was increased in the expression of genes involved in the neuroactive ligand-
receptor interaction pathway (35). Based on these, we infer that BHD might serve a crucial role in human
reproduction by in�uencing the pathway of Neuroactive ligand-receptor interaction.

HTR-8/SVneo cell line is considered the closest study model to trophoblast cells derived from early
human pregnancy (8 ~ 10 weeks) (36). The HTR-8/SVneo human trophoblast cell line applied in the
present study is more similar to primary trophoblasts and normal human physiological conditions. Our
previous study showed that the H2O2 treatment of HTR-8/SVneo cells could establish a placental
oxidative stress model and simulate the mechanism of recurrent abortion in vitro (37).

A total of 26 genes were screened out by PPI network, among which 7 were enriched in this pathway, 3 of
which were selected for experimental veri�cation. Firstly, the safe drug concentration of BHD on cells was
screened out by cell morphology and cell activity by CCK-8 assay. The results showed that the cell model
of oxidative stress at the 5 mg/mL BHD water extract concentration could approach control cells.

PGF2α receptor (PTGFR), produced by the myometrium and intrauterine tissues of pregnancy, involves
�ve distinct yet integrated physiological events: the rupture of the membranes, cervical ripening and
dilatation, contractility of the myometrium, placental separation and uterine involution (38).

PTGFR is an essential uterine activation protein (UAP), promoting the tissues' ability to carry out the
process of parturition. Myometrial PTGFR mRNA is elevated at term and preterm birth in humans and
rodents (39, 40). Also, infusion of a speci�c inhibitor, THG113.31, in sheep and mice delays preterm birth
and prolongs gestation (41, 42). In rats, myometrial PTGFR mRNA expression rate decreases during
pregnancy, and its expression increases signi�cantly again at term (43). We added 5 mg/mL BHD into the
cell model of RSA oxidative stress. Western blot results showed that the expression level of PTGFR
protein was signi�cantly decreased compared with that of the model group.

Meanwhile, at the RNA level, qRT-PCR results were the same as western blot results. Our results are
consistent with previous reports and network pharmacologic results. This suggests that PTGFR plays a
central role in both pregnancy maintenance and parturition. PTGFR may act via its receptor to amplify the
direct actions of cytokines. Together, these feed-forward mechanisms activate the uterus, trigger uterine
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contractile stimulants' production, and lead to labor and delivery (44). We suggest that the role of the
PTGFR in the human uterus requires further validation prior to pursuing it as a target for RSA treatment.

Angiotensin II type I receptor (AGTR1), a component of the renin-angiotensin system (RAS). AGTR1
encodes the angiotensin II (Ang II) type I receptor belonging to the family of G-protein coupled receptors
(45). AGTR1 is a major effector controlling blood pressure in the cardiovascular system and induces
diverse signal transduction pathways (46). It regulates the aldosterone secretion and is involved in
vascular remodeling, in�ammation and endothelial dysfunction (47). We found that AGTR1 gene
expression was signi�cantly higher in HTR-8/SVneo oxidative stress cell models than in normal cells,
both at protein and RNA levels. Alterations in the maternal renin-angiotensin system (RAS) (48) have been
implicated in the pathogenesis of RSA (49, 50). The RAS plays a crucial role in maintaining a normal
pregnancy, where plasma levels of renin, angiotensin II, and aldosterone are up-regulated (51).
Angiotensin II is the primary signaling molecule of the RAS and its major cardiovascular effects are
mediated by angiotensin II receptor type 1 (gene denoted as AGTR1), including vasoconstriction, vascular
growth promotion, anti-natriuresis, aldosterone synthesis, and inhibition of renin synthesis and release
(52). In RSA, this equilibrium is disrupted, and these proteins' plasma levels decrease toward the normal
non-gravid range. The TCM decoction BHD can correct this imbalance. After the addition of a safe
concentration of BHD, the expression level of AGTR1 protein in cells was signi�cantly decreased. In
addition, the AGTR1 level in RNA was lower compared to the model group. Any imbalance results in a
pathological state. These results suggest that BHD altered AGTR1 and RSA's imbalance to reach new
homeostasis, which was more suitable for a normal pregnancy.

The oxytocin receptor (OXTR) gene is a protein that works as a receptor for the widely expressed oxytocin,
which acts both as a hormone and neurotransmitter.

Studies (53–56) have shown that a decrease in the progesterone level coupled with the activation of
OXTR leads to intense in�ammation, transforming the uterus from the quiescent state to the activated
state and resulting in premature labor or abortion. We found that in the cell model of oxidative stress, the
expression level of OXTR was signi�cantly increased compared with the normal cell group, which was
consistent with the previous research results and proved that this gene was one of the critical reasons for
the development of RSA. OXTR, an important in�ammatory factor, plays a vital role in initiating and
maintaining delivery (57, 58). Myometrium and decidua from pregnant women who underwent cesarean
section or hysterectomy during pregnancy (59), and the results showed that OXTR level was low in early
pregnancy, whereas in pregnant women with at least 37-week gestational age or premature labor, OXTR
level and the sensitivity to oxytocin were signi�cantly higher. In pregnant women with prolonged
pregnancy (> 42-week gestational age), the OXTR level was signi�cantly lower. The mRNA level of OXTR
is related to premature labor. Further, progesterone and its receptor directly inhibit the mRNA level of
OXTR, thus preventing premature labor (60). Our experimental results showed that BHD had the same
effect as progesterone and could signi�cantly reduce the expression of elevated OXTR protein and RNA in
the oxidative stress model cells. Mammalian animal studies have shown that the balance between
progesterone and its receptor plays a critical role in maintaining normal pregnancy (61); other studies
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have shown that progesterone maintains uterus stability by inhibiting OXTR (62). These results indicate
that OXTR plays a vital role in pregnancy and delivery and TCM can achieve progesterone very well.

5 Conclusion
In conclusion, TCM treatment was associated with a survival bene�t in patients with RSA. Besides, the
use of the network pharmacology method helps explore the underlying treating RSA mechanisms of
herbs by predicting active ingredients and molecular targets of herbs. Combined with network
pharmacology and experimental veri�cation, it fully demonstrates that TCM can play a dominant role in
RSA treatment. These roles may be realized by reducing the expression of PTGFR, AGTR1 and OXTR
genes through the Neuroactive ligand-receptor interaction pathway. In this study, the combination of
clinical research and network pharmacology is a promising research method for the "precise treatment of
TCM" was proved through the validation of cell experiments. A complete understanding of key players in
regulating the molecular processes leading to parturition will have signi�cant consequences to human
health.

Abbreviations
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Figure 1

The ingredient-target networks of (A) Radix Salviae, (B) Chuanxiong Rhizoma, (C) Cuscutae Semen, and
(D) Eucommiae Cortex. The circular nodes represent ingredients, and the square nodes represent targets.
The colors of the nodes are illustrated from yellow to pink in ascending order of degree values.
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Figure 2

RSA-BHD common targets
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Figure 3

PPI network of targets for CDD in treating PCOS (from yellow to green, the degrees of freedom increase)
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Figure 4

GO enrichment analysis of therapeutic targets of BHD in treating RSA
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Figure 5

KEGG enrichment pathway analysis of therapeutic targets of BHD in treating RSA
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Figure 6

Determination of safe concentration of BHD water extract in HTR-8/SVneo cells A. Cell viability of HTR-
8/SVneo cells pre-treated with 300 μmol/L H2O2 for 3 h followed by stimulation with varying doses of
BHD (10, 50, 100, 200 mg/mL) for 48 h. (*P < 0.05, **P < 0.01). B. Representative images showing
morphological changes by BHD in HTR-8/SVneo cells (200 ⨯magni�cation). C. Effects of BHD on PTGFR,
AGTR1 and OXTR expression in HTR-8/SVneo cells RSA model detected by Western blot assay.
Representative images are shown.
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Figure 7

BHD participated in the treatment of RSA through the pathway A, B, C: qRT-PCR analyses of PTGFR,
AGTR1 and OXTR mRNA in HTR-8/SVneo cells (*P < 0.05, **P < 0.01). D, E, F: The expression of protein
PTGFR, AGTR1 and OXTR in HTR-8/SVneo cells were measured by Western blotting analysis. GAPDH
was used as a normalization control. All group values are given as mean ± SD. (**P < 0.01, *P < 0.05).


