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Background: Total glucosides of peony (T'GP) is extracted from Paeonia lactiflora Pallas, which has
been approved for rheumatoid arthritis (RA) treatment. There were approximately 15 monoterpene
glycosides identified in TGP. Pervious researches focused on the effects of TGP and the major ingredient
paconiflorin (PF), but the functions of other monoterpene glycosides and their interactions were not clear.
Network pharmacology has been one of the new strategies for multi-target drug discovery. In this study, we
investigate the functions of all components of TGP and their interactions in RA treatment based on network
pharmacology methods.

Methods: The components of TGP were searched out the Web of Science, PubMed, China National
Knowledge Infrastructure databases; then we identified the potential targets based of chemical similarity
in the Similarity Ensemble Approach. The molecular related with RA were obtained from DrugBank,
GeneCards, DisGeNET and Online Mendelian Inheritance in Man (OMIM) databases. The components-
targets-disease network was constructed and analyzed with Cytoscape software; Gene Ontology (GO) and
the Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses were conducted with R for
function analysis. The hub components-targets interactions were validated with Autodock Vina.

Results: Twenty potential targets of TGP were predicted for RA treatment. The major components of
TGP, PF and albiflorin (AF) had more predicted targets. Hub targets of TGP were LGALS3/9, VEGFA,
FGF1, FGF2, IL-6, IL-2, SELP, PRKCA and ERAPI. These targets ameliorated RA mainly through
inhibiting leukocyte recruitment and angiogenesis. Enriched pathways including VEGFR pathway, signaling
by interleukins, PI3K-Akt signaling pathway, platelet activation, extracellular matrix organization, and so
on. The combination of PF, AF and lactiflorin (LF) with the hub targets was further validated using docking
program.

Conclusions: We investigated the comprehensive mechanism of TGP for RA treatment. We analyzed the
different targets of the components in TGP and predicted the new effects of TGP on inhibiting leukocyte
recruitment and angiogenesis. This study provides a better understanding of TGP on the RA treatment.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease
characterized by inflammatory changes in the synovial
tissues, cartilage, and bones of the joints, ultimately leading
to disability and death. The incidence of RA is on the rise,
which poses a serious threat to health and quality of life (1).
Steroidal anti-inflammatory drugs (glucocorticoids),
nonsteroidal anti-inflammatory drugs, immunosuppressive
drugs (chemical drugs and biological drugs), and Chinese
natural medicines are applied to treat RA in the clinic. It
requires chronic, even life-long treatments, so the safety of
treatments is gaining attention. Recently, the development
of natural products has attracted attention (2).

Total glucosides of peony (TGP) is extracted from
Paeonia lactiflora Pallas (3). TGP capsules (Pavlin) have been
approved for RA treatment since 1998. It is also used for
systemic lupus erythematosus, Sjogren syndrome, psoriasis,
ankylosing spondylitis, immune liver injury treatment in
China (4-8). It could improve the clinical effects and reduce
toxicity when used with methotrexate and leflunomide (9).
Numerous studies have confirmed the anti-inflammatory
and immunomodulatory effects of TGP. It could inhibit
B cell activation, regulate macrophage polarization,
dendritic cells (DCs) from maturation and inhibit the
abnormal proliferation of synoviocytes (3,10,11). Although
research on the mechanisms of TGP for RA treatment has
continued, no systematic and comprehensive understanding
of the relationships between targets and pathways involved
in the treatment has emerged. Otherwise, there are
fifteen monoterpene glycosides, such as paconiflorin (PF),
albiflorin (AF) and oxypaeoniflorin (Oxy-PF) contained in
TGP (1). Previous researches focused largely on the effects
of PE, the major ingredient of TGP. The functions of other
monoterpene glycosides have not been clarified.

Network pharmacology has been one of the new
strategies for multi-target drug discovery based on
bioinformatics and systems biology (12-14). In this study, we
investigated the comprehensive mechanism of TGP for RA
treatment using network pharmacology analysis (Figure I).
We analyzed the different targets of the components in
TGP. We found the new effects of TGP on inhibiting
leukocyte recruitment and angiogenesis. This provides a

© Annals of Palliative Medicine. All rights reserved.

better understanding of TGP on the RA treatment.

Methods
Screen the included components

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The web of
science, PubMed, CNKI Databases were searched to acquire
information on T'GP with the keywords “Total glucosides of
peony”, “TGP?”, “Paeonia lactiflora Pall”. Traditional Chinese
Medicine Systems Pharmacology Database (TCMSP,
https://old.tcmsp-e.com/tcmsp.php) (15) and Chinese
Pharmacopoeia, relevant textbooks, reviews, and documents
were also consulted for complete information.

Identify the potential targets of TGP components

There are four kinds of target-prediction methods: based
on chemical similarity, molecular docking, machine learning
and a combined forecast (16). In our study, the targets
prediction was conducted on the Similarity Ensemble
Approach (http://sea.bkslab.org/) based on chemical
similarity (16). The simplified molecular-input line-entry
system (SMILES) codes of the components in were gotten
from Pubchem (listed in Tuble 1), and then were submitted
to the Similarity Ensemble Approach server for target
prediction based on chemical similarity. Predicted targets
with P values were generated.

The molecular mechanism of RA

The molecular related with the occurrence and development
of RA was obtained from four sources: DrugBank (http://
www.drugbank.ca/, version 4.3) (17), the GeneCards
database (https://www.genecards.org/) (18), DisGeNET
databases (https://www.disgenet.org/) (19) and the Online
Mendelian Inheritance in Man (OMIM) database (http://
www.omim.org/, updated on April 5, 2021) (20). The Gene
ontology (GO) and the Kyoto Encyclopedia of Genes and
Genomes (KEGGQG) enrich functions of these molecular
were further analyzed in CTD database (http://ctdbase.org/
tools/analyzer.go) (21).
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Figure 1 Flowchart of a network pharmacology-based strategy to investigate the pharmacologic mechanisms of TGP for treatment of
rheumatoid arthritis. TGP, total glucosides of peony; OMIM, Online Mendelian Inheritance in Man.
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Table 1 The main monoterpene glycosides in TGP

Hao et al. TGP inhibits leukocyte recruitment and angiogenesis

PubChem CID Components  Molecular formula Molecular weight Molecular structure  SMILEs
442534 Paeoniflorin C23H28011 480.5 CC12CC3(C4CC1(C4(C(02)
03)COC(=0)C5=CC=CC=C5)
OCBC(C(C(C(06)CO)0)0)0)O
21631105 Oxy-paeoniflorin ~ C23H28012 496.5 CC12CC3(C4CC1(C4(C(02)03)
COC(=0)C5=CC=C(C=C5)0)
OCBC(C(C(C(06)CO)0)0)0)O
21631106 Benzoyl- C30H32012 584.6 CC12CC3(C4CC1(C4(C(02)
paeoniflorin 03)COC(=0)C5=CC=CC=C5)
OCBC(C(C(C(06)COC(=0)
C7=CC=CC=C7)0)0)0)O
13811386 Benzoyloxy- C30H32013 600.6 CC12CC3(C4CC1(C4(C(02)
peoniflorin 03)COC(=0)C5=CC=C(C=CbH)
0)OCBC(C(C(C(06)COC(=0)
C7=CC=CC=C7)0)0)0)0
494717 Galloyl- C30H32015 632.6 CC12CC3(C4CC1(C4(C(02)
paeoniflorin 03)COC(=0)C5=CC=CC=C5)
OCBC(C(C(C(06)COC(=0)
C7=CC(=C(C(=C7)0)0)0)0)0)0)O
101382399 Paeoniflorin C23H28014S 560.5 CC12CC3(C4CC1(C4(C(02)
sulfonate 03)COC(=0)C5=CC=CC=C5)
OCBC(C(C(C(06)CO)0)0)0)OS(=0)(=0)
O
102516499 3'-O-Galloyl- C30H32015 632.6 CC12CC3(C4CC1(C4(C(02)
paeoniflorin 03)COC(=0)C5=CC=CC=C5)
OCBC(C(C(C(06)CO)O)OC(=0)
C7=CC(=C(C(=C7)0)0)0)0)O
137705343 Debenzoylgalloyl-  C23H28014 528.5 CC12CC3(C4CC1(C4(C(02)03)
paeoniflorin CO)OC5C(C(C(C(05)COC(=0)
C6=CC(=C(C(=C6)0)0)0)0)0)0)O
71452334 Paeoniflorin B C36H42017 746.7 CC12CC3(C4CC1(C4(C(02)
03)COC(=0)C5=CC=CC=C5)
OCBC(C(C(C(06)COC(=0)
C7=CC=CC=C7)0OC8C(C(C(C(08)CO)
0)0)0)0)0)O
51346141 Albiflorin C23H28011 480.5 CC12CC(C3CC1(C3(C(=0)

02)COC(=0)C4=CC=CC=C4)
OC5C(C(C(C(05)CO)0)0)0)0

Table 1 (continued)
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PubChem CID Components  Molecular formula Molecular weight Molecular structure  SMILEs
50163461 Albiflorin R1 C23H28011 480.5 di/o\: o CC12CC(C3CC1(C3(C(=0)
— 02)COC(=0)C4=CC=CC=C4)
% oL+ OC5C(C(C(C(05)C0O)0)0)0)0
) HOV I “/oH
102000323 Benzoyl- C30H32012 584.6 8 CC12CC(C3CC1(C3(C(=0)
albiflorin . A/~  02)COC(=0)C4=CC=CC=C4)
d\o ° % OC5C(C(C(C(05)COC(=0)
A @f C6=CC=CC=C6)0)0)0)O
138108175 4-O-Galloyl- C30H32015 632.6 ]@L 8 CC12CC(C3CC1(C3(C(=0)
albiflorin o A/~  02)COC(=0)C4=CC=CC=C4)
HOAQ' %, OC5C(C(C(C(05)CO)0)0)0)OC(=0)
oo ©)§ C6=CC(=C(C(=C6)0)0)O
124079396 6'-0-Galloyl- C30H32015 632.6 o~ 2 CC12CC(C3CC1(C3(C(=0)
albiflorin . A/T" 02)COC(=0)C4=CC=CC=C4)
Q)L Y >~ OC5C(C(C(C(05)COC(=0)
g S C6=CC(=C(C(=C6)0)0)0)0)0)0)O
14605198 Lactiflorin C23H26010 462.4

m CC12C3(CCA4C3(C(01)CC4=0)
~d COC(=0)C5=CC=CC=C5)0C6C(02)
C(C(C(0B)CO)0)0

TGP, total glucosides of peony; SMILES, simplified molecular-input line-entry system.

Construct components-targets networks

Cytoscape 3.6.1 is an open-source bioinformatics software
platform that helps visualize molecular interaction networks.
The “Network Analyzer” plug-in was used to calculate the
topology parameters of the network.

Enrichment analysis

Once we identified the targets of TGP for RA treatment,
GO and KEGG functional annotations were carried out
according to gene functions. Enrichment analysis was
performed with R (version 3.6.0 for Windows). The KEGG
database analyzes the pathways and the functions of these
targets (22). Pathways were ranked according to the number
of molecules in pathways and networks with a cut-off value
(P<0.05) for significantly enriched pathways/networks.

Computational validation of components—targets

interactions

The hub targets got from network analysis were further
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ascertain the interactions between active components. The
crystal structure of these herb targets and components were
obtained from the Research Collaboratory for Structural
Bioinformatics (RCBS)-Protein Data Bank database (23).
The structures of TGP components and targets proteins
were optimized at AutoDockTools-1.5.6 based on least
energy. The docking exercise was calculated through
Autodock Vina software package (24) and the docking
results were showed with PyMol (version 1.1) (25).

Results
The included components of TGP

TGP was extracted from the roots of Paeonia lactiflora
Alba with clarification, organic solvent extraction and
macroporous resin purification. There are a large amount
of tannins, carbohydrate and more than 80 small molecular
organic matters contained in the crude Paeonia lactiflora Alba
extract (Figure 24) (26). Approximately 15 monoterpene
glycosides have been identified in TGP (7able 1), such as PE,
AF, and their derivatives (Figure 2A4) (27). PF accounts for
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Figure 2 The small ingredients in Paeonia lactiflora alba (A) and the compounds-targets network of TGP (B). TGP, total glucosides of peony.

over or equal to 40% (28). The quality and reproducibility
of TGP extracted from the dried root is controlled by
measuring the percentage of PF and AF, which the content
should not be less than 40% and 10%, respectively (27).
Clinical used TGP capsule (Pavlin) was required not to be
less than 300 mg and the PF content should not be less than
104 mg (29).

Identify potential targets of TGP and construct the
compounds-targets

Targets prediction was conducted on the Similarity
Ensemble Approach. As AF and AF-R1 share same
SMILES, we predicted the targets of 14 compounds except
AF-R1. Figure 2B showed the compounds-targets network
of TGP. The diamonds represent compounds; round nodes
represent putative targets. The size will increase and the
color darkens with increasing degree. There were 49 nodes
and 161 edges in TGP compounds-targets network. The
average degree was 7.23. 35 kinds of proteins were predicted
as the putative targets of TGP and the top 10 were
galectin-9 (LGALSY), tyrosyl-DNA phosphodiesterase 1
(TDP1), myelin-associated glycoprotein (MAG), galectin-1
(LGALSTI), galectin-3 (LGALS3), fibroblast growth factor
2 (FGF2), fibroblast growth factor 1 (FGF1), vascular
endothelial growth factor A (VEGFA), P-selectin (SELP)
and multidrug resistance protein 1 (ABCB1) with higher
degree values. These targets might be effective on the
treatment of RA. PE, Oxy-PF, galloylpaeoniflorin (galloyl-
PF3), PF-B, benzoylpaeoniflorin (benzoyl-PF), AF and
4-O-galloylalbiflorin (galloyl-AF4) were the major active
compounds with more predicted targets. More than 50% of
the predicted targets were common in these monoterpene

© Annals of Palliative Medicine. All rights reserved.

glycosides, implying their synergistic effects.

PF and AF are the major components of TGP, the
component-target network of the two components and
their derivatives were analyzed separately (Figure 34,3B).
The major predicted targets of PF and its derivants
were MAG, LGALS1, TDP1, LGALS3, FGF1, FGF2,
LGALS9, VEGFA and SELP, while that were LGALS9,
TDPI1, ABCB1, AMY1A, FGF1, FGF2, LGALSI,
LGALS3, protein kinase C alpha type (PRKCA) and
VEGFA for AF and its derivants in degree orders
(Figure 34,3B). It should be noted that AF and its
derivatives have more kinds of targets (35 kinds) than PF
and its derivatives (29 kinds). The five unique targets of
AF and its derivants were carbonic anhydrase 12 (CA12),
carbonic anhydrase 9 (CA9), IL-6, Ras guanyl-releasing
protein 3 (RASGRP3), and sodium/glucose cotransporter
4 (SLC5A4), which may show their differences in the
therapeutic effects and adverse reactions.

The affinity score of each component with their
predicted targets was ranged from 0.28 to 0.46 (Figure 4).
Fifty percent of the putative targets of PF and AF were
common, implying a close relationship between the two
components. Debenzoylgalloyl-paeoniflorin, 6'-O-Galloyl-
albiflorin and galloyl-paeoniflorin have high affinity with
the TDPI and SERPINEIL, but their targets were not
common to the major targets of T'GP. Lactiflorin (LF) was
reported to exist in the amounts of 0.35-0.64% in Paeoniae
Radix with high performance liquid chromatography
(HPLC) analysis, which was much less than PF (30). So
far, there were no reported derivants of LF in T'GP. The
predicted targets of LF were SELP, PRKCA, LGALS9,
LGALS7, LGALS3, LGALSI and ABCBI, which were
similar as PF and AF for chemical similarity.
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Identify genes and proteins associated with RA

A total of 3,523 known protein-coding genes for RA were
collected from the GeneCards database. Two hundred and
ninety-six and 2,722 protein-coding genes for RA were

© Annals of Palliative Medicine. All rights reserved.

obtained from the OMIM and DisGeNET databases,

respectively. One hundred and twenty-four therapeutic

targets for RA treatment were obtained from the TTD

database. After elimination of redundancies and duplicate
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SERPINE1/VEGFA/FGF1/FGF2/PRKCA/ERAPT Regulation of vasculature development
MAG/SERPINE1/VEGFA/LGALS3/IL6/LGALSY/SELP Leukocyte migration Count
SERPINET/VEGFA/LGALSS/IL6/LGALSY/SELP Positive regulation of leukocyte migration *3
SERPINE1/VEGFA/LGALSS/IL6/LGALSY/SELP Regulation of leukocyte migration [ X
SERPINE1/VEGFA/FGF1/IL6/FGF2/PRKCA/ERAPT Positive regulation of angiogenesis [ X
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SERPINE1/VEGFA/IL6/LGALSY Positive regulation of leukocyte chemotaxis @ 0.02
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Figure 5 The intersection of RA targets and TGP targets (A) and the GO (B) and KEGG (C) enrichment results. RA, rheumatoid arthritis;
TGP, total glucosides of peony; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

data, 4,750 symbols for RA were obtained (available online:
https://cdn.amegroups.cn/static/public/apm-21-2203-1.
xlsx). After removing the microRINA and the pseudogene,
4,385 symbols for RA were obtained. These biomarkers
could be enriched into 940 KEGG pathways and their
functions involving innate immune system, adaptive
immune system, signaling by interleukins, metabolism, bone
destruction, angiogenesis, and tissue remodeling, different
manners of cell death, cell proliferation, cell differentiation,
neurosensory function and signal transduction. The main
function pathways were GPCR downstream signaling,
signaling by insulin receptor, JAK-STAT signaling pathway,
T cell receptor signaling pathway, toll-like receptor
signaling pathway, IL-17 signaling pathway, Interleukin-6
signaling, NF-kappa B signaling pathway, estrogen signaling
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pathway, B cell receptor signaling pathway, Wnt signaling
pathway, MyD88 pathways, and so on. The functions
of Th17 cell differentiation, activation of B and T cells,
natural killer cell mediated cytotoxicity, Thl and Th2 cell
differentiation, platelet activation, activation of C3/C5 and
homeostasis, cellular response to hypoxia, the migration of
neutrophils also play important roles in the RA processing
(available online: https://cdn.amegroups.cn/static/public/
apm-21-2203-2 xlsx).

Identify the targets of TGP relevant to the RA treatment

Venn diagram was drawn to perform intersection
alignment with the TGP targets (Figure 5A). There
were 20 coincidence targets predicted for RA treatment
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Figure 6 The components of TGP ameliorated RA mainly through inhibiting leukocyte recruitment and angiogenesis. (The angiogenesis

related targets were marked in red and the leukocytes recruitment were marked in yellow). TGP, total glucosides of peony; RA, rheumatoid

arthritis.

including ABCB1, mitochondrial aldehyde dehydrogenase
X (ALDH1A2), endoplasmic reticulum aminopeptidase 1
(ERAP1), FGF1, FGF2, IL2, IL6, LGALS1/3/8/9, protein
disulfide-isomerase (P4HB), PRKCA, SELP, plasminogen
activator inhibitor 1 (SERPINEL), troponin C (TNNCI),
troponin I 2/3 (TNNI2/3), tyrosinase (TYR) and VEGFA.
Some of these targets were also the high degree ones among
the TGP predicted.

Enrichment of the GO functions and KEGG pathways

To investigate the role of the predicted targets, we
conducted enrichment of GO pathways to clarify the
relevant biologic processes (P<0.01) (Figure 5B). For a
brief demonstration, we intercepted the top 20 terms.
The results indicated that numerous biologic processes
were involved in RA treatment, including cell chemotaxis,
the regulation of angiogenesis, cell-cell development,
vasculature development, leukocyte migration, and so
on. The mainly functions concentrate on the aspect of
regulation of angiogenesis, regulation the leukocyte and
the tissue remodeling. LGALS3/9, VEGFA, FGF1, SELP,
IL-6 and IL-2 of TGP play critical roles in leukocyte

© Annals of Palliative Medicine. All rights reserved.

traffic progress; VEGFA, FGF1, FGF2, PRKCA and
ERAP1 proteins have important roles in anti-angiogenesis
(Figure 5C). The enriched KEGG pathways including
VEGEFR pathway, interleukins signaling, PI3K-Akt pathway,
platelet activation, extracellular matrix organization, and so
on (Figure 6).

Docking exercises of bub targets and the major components

"To ascertain the interaction between active components and
their protein targets, computational docking exercises were
conducted to mimic the binding characteristics. Here, the
components of AF, PF and LF were selected for verification
of molecular docking. The targets related to angiogenesis
and leukocyte traffic progress were selected.

It is generally accepted that the binding energy value
less than -4.25 kcal/mol indicates a certain binding activity,
less than -5.0 kcal/mol indicates good binding activity, and
less than -7.0 kcal/mol indicates strong binding activity.
The binding energy of the AF, PF and LF with these hub
targets was shown in 7zble 2. Binding affinities to these
targets distributed within the range of -5.9 to -8.8kcal/mol,
indicating a good or strong binding activity. Docking
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Table 2 Docking results of hub targets and the major components of TGP

Hao et al. TGP inhibits leukocyte recruitment and angiogenesis

Targets PDB ID Docking with AF (kcal/mol) Docking with PF (kcal/mol) Docking with LF (kcal/mol)
LGALS3 3ZSM -7.4 -6.9 -7.8
LGALS9 3NV1 -6.8 -6.9 -7.3
LGALS1 1GZW -5.9 -6.8 -6.6
VEGFA 1VPF -6.6 -6.9 -7.9
FGF1 4YOL -7.8 -8.2 -8.2
FGF2 2BFH -6.4 —-6.6 -7.3
SELP 1G1Q -6.9 -7.2 -7.2
PRKCA 4DNL -6.5 -7.1 -8.1
ERAP1 2YDO -8.8 - -
IL-6 1ALU -6.5 - -
IL-2 1M47 -6.3 - -

TGP, total glucosides of peony; AF, albiflorin; PF, paeoniflorin; LF, lactiflorin.

results were visualized in the Pymol software. Figure 7
showed the three components docking with LGALS1/3/9
and SELP, which are mainly related to the leukocyte traffic
progress; Figure § shows the three components docking
with VEGFA, FGF1 and FGF2, which possess the function
of angiogenesis.

Figure 9 showed the docking results of unique targets
of AF involving the leukocyte traffic and angiogenesis
progress.

Discussion

TGP has been widely used in China to treat RA through
balancing proinflammatory cytokines and anti-inflammatory
cytokines and regulating immune cells. In a 24-week, open
label, randomized multicenter clinical trial, more patients
in TGP group achieved a European League Against
Rheumatism (EULAR) good response or moderate response
at 12 and 24 weeks (31). TGP can decrease the population
of IFN-vy, IL-17-producing cells in RA patients (9).
While, several issues need to be studied, such as how these
constituents interact with each other, what is the most
important component in TGP, whether these components
share similar targets, and so on. Therefore, we investigated
the comprehensive mechanism by which TGP acts in RA
using network pharmacology.

There are 15 monoterpene glycosides identified in
TGP. PF and AF are the major contents, which account
for more than half of TGP. The other components are the
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derivatives of PF and AF except the LE. There were no LF
associated derivatives. The effects of PF have been well
explored, and found that PF is able to help diminish joint
pain, reduce joint swelling, inhibit synovial hypertrophy,
alleviate the damage of cartilage and bone erosion in
experimental arthritis (10). So far, AF is reported to inhibit
lung inflammation in asthmatic mice, alleviate high fat,
decreased the cholesterol gallstone formation, alleviate
neuropathic pain and promote the recovery of bone
marrow hemopoietic function (32,33). However, what the
functions of AF are in the clinical RA treatment, nobody is
carrying out research on it. In our analysis, we found that
AF and its derivatives have more kinds of targets than PF
and its derivatives. They shared the common targets such
as ABCB1, ALDH1A2, ALDHI1B1, AMY1A, AMY2A,
CA14, ERAP1, FGF1, FGF2, IL2, LGALS1/3/4/7/8/9,
MAG, P4HB, SELP, SERPINE1, SLC28A3, SLC5A1/2,
SLC5A2, TDP1, TNNCI, TNNI3, TNNT2, TYR and
VEGFA, but AF and its derivatives have five unique targets,
CA12, CA9, IL-6, RASGRP3 and SLC5A4. This may
influence their therapeutic effects and adverse reactions. We
should pay attention that only AF and its derivatives target
the key cytokine IL-6, which means that the significant role
of AF and its derivatives should not be disregarded in RA
treatment. Another component worth further investigating
is LEF, as no reports on its functions so far. In our analysis,
we found LF shared the common targets, such as SELP,
PRKCA, LGALS9, LGALS3, LGALS1 and ABCB1 with
AF and PF. Nevertheless, the level of LF in TGP is very
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Figure 7 The three main ingredients docking with the targets mainly related with the leukocyte traffic progress. AF, albiflorin; PE,

paeoniflorin; LF, lactiflorin.

low and the reports on the effects of LF are less; how it
affects the therapeutic effects of TGP should be further
researched.

Previous researches focused on the effects of TGP on
immune cells (T, B-lymphocytes, macrophages, DCs,
synoviocytes, endothelial cells, etc.). In our analysis, targets
of TGP for RA treatment were ABCB1, ALDHI1A2,
ERAPI, FGF1, FGF2, 1L2, IL6, LGALS1/3/8/9, P4HB,
PRKCA, SELP, SERPINE1, TNNCI1, TNNI2/3, TYR
and VEGFA. Biologic processes of TGP were enriched
in cell chemotaxis, the regulation of angiogenesis, cell-
cell development, vasculature development, leukocyte
migration. The regulation of leukocyte migration and
angiogenesis causes our interest as they were not well been
reported.

Aberrant recruitment and activation of leukocytes were
the special character of RA (34). Leukocytes migrating
out of the blood, across the endothelium and through
inflamed tissues, further causes a cascade of pathological
process, especially in the disease early stage (35). In
patients with early RA, a substantial number of leukocytes
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accumulate under the synovium, and the degree of
infiltration correlating with disease activity rather than
symptom duration (36). Limiting pathogenic leukocytes
trafficking into the joint is possible a new treatment. In
our analysis, the predicted targets LGALS3/9, VEGFA,
FGF1, IL-6, IL-2 and SELP involve in the regulation of
leukocyte recruitment, migration and apoptosis. LGALS3
and LGALS9 belong to a family of lectins, which have
been linked to important functions such as differentiation,
migration, neutrophil activation and intracellular trafficking
(37,38). These proteins are highly expressed in neutrophils
(37-39). Galectin-3 was reported involved in the activation,
adhesion, and apoptosis of neutrophils (40). By increasing
disulfide reductase activity at the plasma membrane, galectin
9 alters the plasma membrane redox state and enhances cell
migration (41). Galectin 9 also induces cytokine (IL-6, IL-
8, IL-12) and chemokine (CCL2) production (39,42,43), by
which control the leukocytes trafficking (44,45). VEGFA
induces proliferation and migration of vascular endothelial
cells, and is essential for angiogenesis. This protein
could promote inflammation by facilitating recruitment
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FGF1 FGF2

Figure 8 The three main ingredients docking with the targets mainly related with the function of angiogenesis. AF, albiflorin; PF,

paeoniflorin; LE, lactiflorin.

Figure 9 The docking results of unique targets of AF involving the leukocyte traffic and angiogenesis progress. IL, interleukin; AF,
albiflorin.
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of inflammatory cells. SELP is one of important cell
adhesion molecules, which have roles in cell proliferation,
differentiation, motility, trafficking, apoptosis and tissue
architecture (46). SELP mediates the rapid rolling of
leukocyte rolling over vascular surfaces and also mediates
the interaction of activated endothelial cells or platelets with
leukocytes with the help of VEGFA (47). Most components
in TGP could bind to these targets, meaning a significant
regulation of leukocytes accumulating. This mechanism of
TGP on RA treatment has not ever been reported so far.
Uncontrolled neovascularization plays a critical role
in joint edema and osteoclastic bone erosion (48). Inhibit
the angiogenesis process could ameliorated CIA joint
vascularization, swelling and bone destruction (49). In
our analysis, the predicted targets VEGFA, FGF1, FGF2,
SERPINE1, PRKCA and ERAPI involve in the TGP’s
angiogenesis regulation. It is well known that VEGF-A and
FGF2 are the key regulators of angiogenesis (50). VEGF
and FGF2 binding to their receptors on endothelial cells
starts the angiogenesis process (51). VEGF-A promotes
angiogenesis through many mechanisms, including
activating the endothelial cells, increasing vascular
permeability activity, and promoting cell migration
of endothelial cells (52). FGF2 could promote the
proliferation, migration and vascular tube formation of
endothelial cell apoptosis (53). Activated RA macrophages
and synovial tissue fibroblasts induce the expression
and secretion of VEGFA and FGF2, and further trigger
angiogenesis (54). In experimental arthritis models, anti-
VEGF antibody delayed the collagen induced arthritis
onset, joint swelling and vascularization (55). TNE, IL-1B,
IL-6 inhibitors and Cox-2 inhibitors may function through
inhibiting angiogenesis (51-53). PRKCA has been reported
to play roles in cell adhesion and transformation (56).
SERPINEIL, the specific inhibitor of urokinase-type
plasminogen activator (uPA) also is recognized to play a
vital role in angiogenesis by promoting the proliferation
of vascular endothelial cells (57). ERAPI is involved in
the final trimming of peptides within the endoplasmic
reticulum for presentation by major histocompatibility
complex (MHC) class I molecules, which was found to be
associated with ankylosing spondylitis in a genome-wide
association study of nonsynonymous single nucleotide
polymorphisms (58). The role of ERAPI in angiogenesis
and migration in tumor has attracted attention recently,
but no such association has ever been reported in RA (59).
VEGFA, FGF1, FGF2, SERPINE1, PRKCA and ERAP1
were the predicted targets of TGP, meaning a significant
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regulation of angiogenesis through which TGP exerts
therapeutic effect on RA. Current study of TGP is focusing
on the tissue of anti-inflammatory, immunoregulation and
analgesic effects, and the study of angiogenesis was poor
reported. The anti-angiogenic effect of Paconia lactiflora
Pallas in the retina of diabetic retinal microvasculopathy
has been proved through murine model (60). Previous
reports about the regulation of PF on angiogenetic effects
were opposite in different diseases. PF performed the pro-
angiogenetic effect in vitro and accelerating wound healing
in vivo (61), while attenuated the iz vitro angiogenesis in
oxidized low density lipoprotein-induced human umbilical
vein endothelial cells (HUVECs) by inhibiting the VEGEF/
VEGEFR?2 (62). However, PF shows angiogenic actions on
endothelial progenitor cells of ischemic stroke rat model
by increasing the secretion of pro-angiogenic factors (63).
The effects of PF on the angiogenesis of RA especially in
the inflammatory infiltration environment need further
researches. The angiogenesis effects of other components in
TGP have not been researched.

Patients with RA experience a higher rate of
cardiovascular disease (CVD) events compared with
controls. Chronic inflammation contributes to this risk
and cumulative inflammation predicted coronary plaque
progression in RA (64). Overexpression and secretion
of galectin-1, galectin-3 and galectin-9 are associated
with heart failure and atherosclerosis. Galectin-1 and
galectin-9 were proved to be the biomarkers of endothelial
activation and dysfunction in rare systemic autoimmune
diseases, which are implications for cardiovascular risk (65).
It has been well reported about the contribution of
inflammatory cytokines IL-6 and IL-2 to the progression of
left ventricular dysfunction, myocardial damage and chronic
heart failure syndrome (64-66). FGF1, FGF2 and VEGFA
are the vascular growth factors. High concentrations of
VEGFA, FGF1 and FGF2 have been found in CVD patients
with an unfavorable prognosis and disease severity (67). The
relationship between VEGFA and the heart is double-sided.
VEGFA activates cardiomyocytes, further promotes the
morphogenesis, contractility and wound healing. However,
it is also associates with inflammation, mechanical stress
and cytokine stimulation in the CVD (68). Therefore, these
main predicted targets of TGP remind us the cardiovascular
protective effects of TGP on RA treatment. Previous
research had demonstrated the myocardial protective effects
of TPG in both isoprenaline-induced myocardial ischemia
rat and acute myocardial infarction rat (69,70). TGP also
suppressed myocardial remodeling by regulating the NF-xB
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pathway (71). The effects of TGP on CVD protection in
RA patients lack of clinical evidence in RA, which deserves
further investigation.

Our research firstly predicted the inhibiting of leukocyte
migration and angiogenesis of TGP. These predictions
revealed new treatment for RA. However, certain limitations
existed in our study. Firstly, more methods and databases
should be used for targets prediction to get more related
targets. Second, due to the difficulty of data acquisition,
the database may not include all known or unknown targets
and protein-protein interactions. This situation could be
improved in the future when more data were available. If
possible, the differential gene expression in patients only
receiving TGP treatment should be detected to prove the
predicted targets. However, there were not enough patients
to meet the criteria so far. Further clinical and experimental
validation is needed.

Conclusions

In the present study, we revealed 20 potential targets of 14
monoterpene glycosides in TGP, and predicted these targets
to ameliorate RA through inhibiting leukocyte recruitment
and angiogenesis. The role of these targets in CVD events
also reminds the possible CVD protection effects of TGP
in RA patients. Our research helped to illustrate the
mechanisms involved in the action of TGP and may provide
a better understanding of its anti-RA effects in terms of
inhibiting leukocyte recruitment and angiogenesis.
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