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 Background: This study used a network pharmacology approach to identify the pharmacological mechanisms of a traditional 
Chinese medicine derived from Trachelospermum jasminoides (Lindl.) Lem. in patients with rheumatoid arthri-
tis (RA).

 Material/Methods: Known compounds of T. jasminoides were obtained from the Traditional Chinese Medicine Systems 
Pharmacology (TCMSP) database, the Shanghai Institute of Organic Chemistry of Chinese Academy of Science, 
Chemistry (CASC) database, and a literature search. Putative targets of identified compounds were predicted 
by SwissTargetPrediction. RA-related targets were achieved from the Therapeutic Target database, Drugbank 
database, Pharmacogenomics Knowledgebase, and Online Mendelian Inheritance in Man database. The pro-
tein-protein interaction (PPI) network was built by STRING. CluGO was utilized for Kyoto Encyclopedia of Genes 
and Genomes (KEGG) and Gene Ontology (GO) enrichment analysis.

 Results: A total of 354 potential targets were predicted for the 17 bioactive compounds in T. jasminoides; 69 of these 
targets overlapped with RA-related targets. A PPI network was composed and 2 clusters of 59 and 42 nodes 
each were excavated. GO and KEGG enrichment analysis of the overlapping targets and the 2 clusters was 
mainly grouped into immunity, inflammation, estrogen, anxiety, and depression processes.

 Conclusions: Our study illustrated that T. jasminoides alleviates RA through the interleukin-17 signaling pathway, the tu-
mor necrosis factor signaling pathway, and other immune and inflammatory-related processes. It also may ex-
ert effects in regulating cell differentiation and potentially has anti-anxiety, anti-depression, and estrogen-like 
effects.
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Background

Rheumatoid arthritis (RA) is an autoimmune disease that is 
characterized by erosive arthritis [1]. The principal clinical man-
ifestations of RA are joint swelling and tenderness, followed 
by cartilage destruction and joint space narrowing. In the late 
stage, severe bone destruction and absorption lead to joint 
rigidity, deformity, and dysfunction. In addition, RA can also 
harm a wide variety of body organs, including the heart, skin, 
eyes, and blood vessels [2]. RA affects about 0.24% of the 
world’s population and has a higher morbidity among wom-
en and the elderly [3]. The prevalence is expected to increase 
substantially in the coming decades due to increases in aging 
populations throughout the world.

The primary treatment goal for RA is to attain remission as 
soon as possible, yet many patients do not adequately re-
spond to treatment or achieve this goal and must rely on 
drug maintenance [4]. Nonsteroidal anti-inflammatory drugs 
(NSAIDs) are frequently used to relieve inflammation and im-
prove joint function, but they have various side effects and are 
therefore not suitable for long-term use [5]. Disease-modifying 
antirheumatic drugs (DMARDs) help to slow joint destruction 
progression. However, approximately 30% to 50% of patients 
do not respond well to traditional DMARDs, and all biologi-
cal DMARDs affect the immune system and increase the risk 
of infection [6]. Furthermore, DMARDs are costly, with annual 
prices ranging from $10 000 to $36 000 [7]. Therefore, novel 
drugs are needed to meet the clinical demands.

Studies of complementary therapies such as traditional Chinese 
medicine (TCM) against RA have yielded promising results [8]. 
The TCM wind-dampness dispelling herbs have been commonly 
been used in managing RA in East Asia for a long time. Luo Shi 
Teng, which is derived from the dry vines of Trachelospermum 
jasminoides (Lindl.) Lem., is a representative treatment from 
among these herbs. Previous studies demonstrated that ex-
tracts of T. jasminoides exhibit anti-inflammatory and analge-
sic effects [9,10].

In our current study, a network pharmacology method was 
employed to uncover the potential mechanisms for T. jasmin-
oides against RA. Network pharmacology is an emerging ap-
proach to drug design systems that combines bioinformatics, 
cheminformatics, network biology, and traditional pharma-
cology [11]. It offers an innovative strategy for revealing the 
pharmacological mechanisms of complex components from a 
system perspective and clarifying the relationships between 
compounds, targets, and diseases [12].

Material and Methods

Screening for active compounds of T. jasminoides

Compounds derived from T. jasminoides were identified from 
the Traditional Chinese Medicine Systems Pharmacology 
(TCMSP) database (http://lsp.nwu.edu.cn/tcmsp.php, updated 
on May 31, 2014) [13] and the Shanghai Institute of Organic 
Chemistry of Chinese Academy of Science, Chemistry (CASC) 
database (http://202.127.145.134/scdb/, updated on February 
11, 2018). To supplement this information, published litera-
ture was screened for known compounds of T. jasminoides. Oral 
bioavailability (OB) and drug-likeness (DL) of the compounds 
were obtained from the TCMSP. OB is an essential pharmaco-
kinetic property in drug screening that indicates the ability of 
a given compound to be delivered to systemic circulation via 
oral administration [14]. DL reflects a complex balance of mo-
lecular and structural characteristics that determines wheth-
er a particular molecule is similar to a known drug [15]. In this 
research, compounds with OB ³20% and DL ³0.18 were classi-
fied as bioactive compounds for further analysis [16].

Putative targets related to the identified compounds

SwissTargetPrediction Server (http://www.swisstargetprediction.
ch/, updated on April 5, 2018) was used to predict the puta-
tive targets of the bioactive compounds based on the molecu-
lar similarity [17]. Structure information of the identified com-
pounds was obtained from PubChem (https://pubchem.ncbi.
nlm.nih.gov/, updated on October 26, 2017). Gene information 
including the gene name and the gene ID was confirmed by 
Uniprot database (https://www.uniprot.org). The species was 
restricted to Homo sapiens.

Mining known RA-associated targets

Data on known RA-related targets were assembled from the fol-
lowing databases, using “rheumatoid arthritis” as the key term: 
(i) Therapeutic Target Database (TTD, http://db.idrblab.net/ttd/, 
updated on November 11, 2019) [18]; (ii) Drugbank database 
(https://www.drugbank.ca, updated on December 20, 2017) [19]; 
(iii) Pharmacogenomics Knowledgebase (PharmGKB) data-
base (https://www.pharmgkb.org/, updated on December 28, 
2017) [20]; and (iv) Online Mendelian Inheritance in Man (OMIM) 
database (http://omim.org/, updated on January 3, 2018) [21].

Network construction and topology analysis

A compound-target (C-T) network was constructed and visu-
alized with candidate compounds and their corresponding 
targets using Cytoscape 7.0. The nodes in the generated net-
works represented compounds and their targets, and the edg-
es represented the correspondence between them. The STRING 
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provides both predicted and experimentally proved protein-pro-
tein interaction (PPI) information [22]. STRING v11.0 (https://
string-db.org/) was employed to build a PPI network with the 
compound targets and RA-related target data. The degree cen-
trality (DC) is a key network topology parameter that refers to 
the number of connections of one specific node with others. 
Nodes with higher DC are considered to be more central [23]. 
Therefore, we selected nodes with a DC that was equal or great-
er than twice the median to form a core PPI network. Finally, 
the most significant submodules were excavated by Molecular 
Complex Detection (MCODE) plug-in.

Enrichment analysis

A Cytoscape plugin “ClueGO” was utilized to perform Kyoto 
Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology 
(GO) enrichment analysis under the criterion of P<0.05. ClueGO 
also helped to visualize the result terms as functionally grouped 
networks.

Results

Screening for the bioactive compounds of T. jasminoides

A total of 46 compounds from T. jasminoides were identified 
from TCMSP, CASC, and the literature search (Supplementary 
Table 1). Among them, 18 bioactive compounds met the screen-
ing criteria of OB > 20% and DL >0.18 (Table 1). Notably, plant 
sterols including stigmasterol, sitosterol, and campesterol were 
excluded because the side effect of steroids have been wide-
ly reported. A total of 1118 putative human protein targets 
were predicted based on the structures of the candidate com-
pounds. After duplicates were deleted, 354 potential targets 
were retained. The interactions between bioactive compounds 
and their putative targets are shown in Figure 1.

Screening for RA-related targets

RA-related targets were collected from 4 available sources: 
70 targets from the TTD, 153 targets from the Drugbank, 104 
targets from the PharmGKB, and 20 targets from the OMIM 
were obtained. Among these, 69 overlapped with compound tar-
gets (Figure 2). These overlapping targets mainly interact with 
chrysoeriol, kaempferol, apigenin, luteolin, and norwogonin, and 
they were considered the main active compounds against RA.

Enrichment analysis for the overlapping targets

The canonical pathways related to RA pathology were extract-
ed from KEGG enrichment. The pathways included 2 inflam-
mation-related pathways, tumor necrosis factor (TNF) signal-
ing pathway (KEGG: 04668, P=1.12E-03) and nuclear factor 

kappa-B (NF-kB) signaling pathway (KEGG: 04064, P=3.96E-03); 
5 immune-related pathways, interleukin (IL)-17 signaling path-
way (KEGG: 04657, P=3.54E-05), Th17 cell differentiation 
(KEGG: 04659, P=9.66E-04), Th1 and Th2 cell differentiation 
(KEGG: 04658, P=3.43E-03), T-cell receptor signaling pathway 
(KEGG: 04660, P=2.54E-02), and B-cell receptor signaling path-
way (KEGG: 04662, P=4.42E-02); and 2 hormone-related path-
ways, steroid hormone biosynthesis (KEGG: 00140, P=1.02E-06) 
and ovarian steroidogenesis (KEGG: 04913, P=1.08E-04). As 
shown in Figure 3A, 3B, most pathways can be classified into 
the IL-17 signaling pathway and the steroid hormone biosyn-
thesis function groups.

In addition, biological processes based on GO enrichment were 
clustered into 13 function groups (Figure 3C, 3D). The litera-
ture screening indicated that the following processes were 
related to RA pathology: hormone metabolic process (GO: 
0042445, P=1.29E-11), reactive oxygen species metabolic pro-
cess (GO: 0072593, P=3.08E-09), regulation of reactive oxygen 
species metabolic process (GO: 2000377, P=3.08E-09), regula-
tion of macrophage chemotaxis (GO: 0010758, P=3.08E-03), 
neurotransmitter metabolic process (GO: 0042133, P=1.69E-05), 
and regulation of synaptic transmission, GABAergic (GO: 
0032228, P=4.18E-03).

PPI network construction and topology analysis

A PPI network provides information on interactions between 
compounds and diseases, and it helps to mine the underly-
ing mechanisms of compounds against diseases. After com-
pound targets and RA-related targets were input into STRING, 
a PPI network was generated with 585 nodes and 11 826 edg-
es (Figure 4A). Subsequently, nodes with DC that were equal 
to or greater than twice the median (DC ³60) of all nodes 
were identified as core targets based on the topology analy-
sis. The core PPI network is composed of 124 nodes and 3246 
edges (Figure 4B). The MCODE plugin mined 2 dense clusters 
from the core PPI network, and these clusters included 59 and 
42 nodes, respectively (Figure 4C, 4D).

Enrichment analysis of the 2 dense clusters

KEGG enrichment of 2 clusters included 6 inflammatory 
pathways, including TNF signaling pathway (KEGG: 04668, 
P=5.04E-05), NF-kB signaling pathway (KEGG: 04064, 
P=1.90E-04), phosphatidylinositol 3’-kinase (PI3K)-Akt sig-
naling pathway (KEGG: 04151, P=9.85E-12), vascular en-
dothelial growth factor (VEGF) signaling pathway (KEGG: 
04370, P=5.49E-08), HIF-1 signaling pathway (KEGG: 04115, 
P=3.11E-10), and Fc epsilon RI signaling pathway (KEGG: 04664, 
P=3.02E-02); 4 immunology pathways, including IL-17 signaling 
pathway (KEGG: 04657, P=1.77E-04), T-cell receptor signaling 
pathway (KEGG: 04660, P=3.43E-06), B-cell receptor signaling 

e922639-3
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Jiang T. et al.: 
Network pharmacology to identify the pharmacological mechanisms…
© Med Sci Monit, 2020; 26: e922639

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



No. Molecule Name Structure OB (%) DL

1 Apigenin

 

23.06 0.21

2 Arctiin

 

34.45 0.84

3 Chrysoeriol

 

35.85 0.27

4 Coronaridine

 

34.97 0.68

5 Cycloeucalenol

 

39.73 0.79

6 Emodin

 

24.4 0.24

7 Guaiaverin

 

29.65 0.7

8 Ibogain

 

50.52 0.63

Table 1. Bioactive compounds of T. jasminoides.
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Table 1 continued. Bioactive compounds of T. jasminoides.

No. Molecule Name Structure OB (%) DL

9 Kaempferol

 

41.88 0.24

10 Luteolin

 

36.16 0.25

11 Luteolin-4’-O-b-D-glucoside

 

35.94 0.79

12 Matairesinoside

 

24.88 0.84

13 Norwogonin

 

39.4 0.21

14 Tabernaemontanine

 

58.67 0.61

15 Taxifolin

 

57.84 0.27
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pathway (KEGG: 04662, P=5.14E-06), and chemokine signaling 
pathway (KEGG: 04062, P=1.29E-03); and 2 estrogen-related 
pathways, including estrogen signaling pathway (KEGG: 04915, 
P=9.33E-09) and gonadotropin-releasing hormone (GnRH) sig-
naling pathway (KEGG: 04912, P=3.35E-04). The top 20 KEGG 
signaling pathways are shown in Figure 5A, 5B.

Immune system processes (Figure 5C, 5D) based on GO en-
richment included regulation of adaptive immune response 
(GO: 0002821, P=1.43E-06), regulation of immunoglobulin 
production (GO: 0002637, P=4.49E-05), immunoglobulin se-
cretion (GO: 0048305, P=8.24E-05), monocyte differentiation 
(GO: 0030224, P=1.10E-02), and macrophage activation (GO: 
0042116, P=1.91E-02), among others.

Discussion

In the present research, we screened 18 bioactive compounds 
of T. jasminoides and explored their underlying pharmacological 
mechanisms in treating RA. Chrysoeriol, kaempferol, apigenin, 
luteolin, and norwogonin in T. jasminoides were considered 
to have major anti-RA activity. Previous studies demonstrat-
ed that these compounds have an anti-inflammatory effect. 
Kaempferol was found to suppress the migration and inva-
sion of fibroblast-like synoviocytes and block the production 

of cyclooxygenase-2, prostaglandin E2, and matrix metallopep-
tidase [24,25]. Luteolin exerted strong anti-inflammatory ac-
tivities both in vitro and in vivo. It mainly intervened in NF-kB, 
mitogen-activated protein kinase (MAPK), and signal trans-
ducer and activator of transcription 3 (STAT3) pathways [26]. 
Apigenin was reported to be a potent suppressor of dendrit-
ic cell maturation and migration that was highly efficacious 
in protecting against arthritis in a collagen-induced arthritis 
model [27]. Other studies indicated that apigenin modulated 
inflammation, autophagy, and oxidative stress [28]. However, 
the direct anti-RA effects require further investigation.

A complex network of cytokines and chemokines regulates 
the inflammatory environment of the synovial cavity and 
is accompanied by infiltration of leukocytes; therefore, var-
ious therapeutic targets are present. TNF and IL-6 receptor 
inhibitors have been widely recognized as acceptable anti-
RA agents [29]. Other cytokines in the context of RA patho-
genesis, such as IL-17, are now targets for second-generation 
agents [30]. However, due to molecular and cellular hetero-
geneity between patients, many patients do not respond to 
a single blocker, and even among patients who initially re-
spond, few people experience complete relief and many lose 
their response over time [31]. Therefore, new strategies have 
been adapted to achieve higher response rates, and combina-
tion therapy has been considered an option. Fischer et al. [32] 

No. Molecule Name Structure OB (%) DL

16 Tracheloside

 

40.19 0.81

17 Voacangine

 

46.76 0.78

18 a-Amyrenyl acetate

 

42.7 0.74

Table 1 continued. Bioactive compounds of T. jasminoides.
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T. jasminoides

TCMSP
CASC
Literature searching

TCMSP
Drugbank
PharmGKB
OMIM

Bio-active ingredients

SwissTargetPrediction

Putative targets

Merge

Overlapping targets

GO/KEGG enrichment

GO/KEGG enrichment

RA

RA-related targets

PPI network

Core PPI network

Cluster analysis

 Figure 1. The technical framework of this study.

Compounds
Overlapping targets
Other targets

Figure 2.  The Compound-Target network for the bioactive compounds and the putative human protein targets. The green nodes 
represent the bioactive compounds, the red nodes represent the overlapping targets between compound targets and 
rheumatoid arthritis (RA)-related targets, and the blue nodes represent other putative compound targets.
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found that simultaneously blocking TNFa and IL-17 in human 
mesenchymal stem cells inhibited cytokine, chemokine, and 
matrix enzyme reactions and blocked tissue destruction and 
arthritis more strongly compared with a single blockade. In the 
present study, we analyzed the interactions between bioactive 
compounds and RA-related targets and found that the T. jasm-
inoides may manage RA through the IL-17 signaling pathway, 
the TNF signaling pathway, and other immune and inflamma-
tory-related pathways (Figure 6). This result is consistent with 
the idea of combination therapy.

IL-17 is a potent proinflammatory cytokine secreted by T help-
er cell 17, neutrophils, mast cells, and eosinophils [30]. It is 
highly expressed in synovial fluid and serum in RA patients 
and is positively correlated with disease activity and severi-
ty [31]. IL-17 was found to significantly inhibit the develop-
ment of collagen-induced arthritis in IL-17A-deficient mice, as 
well as reduce synovial hyperplasia, cell infiltration, and bone 
erosion [33]. In addition, IL-17 also disrupts the balance of nu-
clear Factor-k B ligand (RANKL)-osteoprotegerin by stimulat-
ing the expression of the receptor activator of RANKL and pro-
moting osteoclast differentiation and bone erosion [34]. Given 
the important role of IL-17 in RA pathogenesis, IL-17-targeted 

KEGG enrichment % terms per group

5.26%

65.79%

25.27%

15.38%

13.19% 10.99%

9.89%

8.79%

7.89%

10.53%

% terms per group
GO enrichment

biological progresses

Steroid
hormone

biosynthesis

ABC
transporters

Folate
biosynthesis

Il-17
signaling
pathway

Reactive oxygen
species metabolic

process

Icosanoid
metabolic

process

Neurotransmitter
metabolic process

Regulation of reactive
oxygen species

metabolic process

Hormone
metabolic
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Icosanoid
biosynthetic

progress
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C

B

D

Figure 3.  Enrichment analysis of the overlapping targets. (A) Overlapping targets enriched in the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) signaling pathways. (B) The pie chart of function groups based on KEGG enrichment. (C) Overlapping 
targets enriched in the biological processes based on Gene Ontology (GO) enrichment. (D) The pie chart of function groups 
based on biological processes.
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RA treatment strategies are attracting increasing attention. 
The European Medicines Agency recommended approval of 
secukinumab, a new IL-17A inhibitor developed by Novartis in 
2015. Phase III clinical trials showed that secukinumab dimin-
ished disease activity and improved symptoms in patients with 
active RA who do not respond to TNF inhibitors [35].

TNF, in particular TNF-a, is a critical cytokine in RA pathophysi-
ology that modulates immune response in several ways. TNF-a 
is a autocrine stimulating factor that induces the expansion of 
other inflammatory cytokines, including IL-1, IL-6, and IL-8 [36]. 
It also induces the activation of leukocytes and endothelial 
cells, regulates angiogenesis, and stimulates nociceptors. More 

importantly, Bertolini et al. [37] showed that TNF has the po-
tential to drive osteoclast formation and inhibit osteoblast dif-
ferentiation and thus disrupt the balance between bone de-
struction and formation, which may explain the joint damage 
in RA. TNF inhibitors, including infliximab, adalimumab, etan-
ercept, and others, have been widely used in clinical RA ther-
apy. Although anti-TNF therapy has significantly improved 
the prognosis of RA, only two-thirds of RA patients respond 
to anti-TNF therapy [38].

With the deepening understanding of RA pathophysiology, new 
potential therapeutic targets on immunity and inflammation 
are constantly being proposed [39]. In the present research, 

PPI network: 585 nodes, 11824 edges
Core PPI network: 124nodes, 3246 edges

DC>60

Cluster 1: 59 nodes, 1037 edges Cluster 2: 42 nodes, 570edges

A

C

B

D

Figure 4.  Protein-protein interaction (PPI) network construction and topology analysis. (A) The PPI network of compound targets 
and rheumatoid arthritis (RA)-related targets. (B) The Core PPI network excavated from A. (C, D) Clusters of the core PPI 
network excavated from B. The green, blue, red nodes in C and D represent compound targets, RA-related targets, and the 
overlapping targets respectively. The size of the nodes in C and D is illustrated in descending order of degree centrality (DC) 
with a bigger size means the node being more “central.”
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we further excavated the HIF-1 signaling pathway, NF-kB sig-
naling pathway, PI3K-Akt signaling pathway, Fc epsilon RI sig-
naling pathway, chemokine signaling pathway, VEGF signaling 
pathway, and the reactive oxygen species metabolic process as 
possible approaches for T. jasminoides being effective against 

RA. The VEGF signaling pathway and the HIF-1 signaling path-
way participate in the RA pathogenesis by regulating synovial 
angiogenesis [40,41]. HIF-1a is weakly expressed in the lining 
of RA synovial tissue. The number of HIF-1a-positive cells are 
closely related to the inflammatory endothelial cell infiltration 
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Figure 5.  Enrichment analysis of the clusters. The bubble charts of Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment 
results for cluster 1 (A) and cluster 2 (B). The bar charts of the immune system progresses based on Gene Ontology (GO) 
enrichment for cluster 1 (C) and cluster 2 (D).
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Figure 6.  A proposed model illustrates the potential mechanisms of the T. jasminoides against rheumatoid arthritis. The green squares 
represent the potential therapeutic targets of T. jasminoides.

and the synovitis score [42]. The Fc epsilon RI signaling path-
way activates mast cells, releasing histamine, proteoglycans, 
and cytokines, and thereby promotes the inflammatory re-
sponse [43]. Oxidative stress occurs in many autoimmune dis-
eases and produces excessive reactive oxygen species (ROS). 
Studies have shown that excess ROS can not only cause the 
breakdown of proteoglycans, hyaluronic acid, and chondroi-
tin sulfate, but also cause collagen degradation or multimer-
ization and thus lead to joint destruction [44].

More importantly, our research suggests that T. jasminoides 
might directly interfere with atopic immune responses and the 
production and secretion of immunoglobulins. Various types of 
immune cells are indispensable in the autoimmune response. 
As is generally known, T lymphocytes and B lymphocytes are 
the main cell groups constituting the immune system and par-
ticipating in cellular immunity and humoral immunity. Th1 and 
Th2 cells are the major subgroups of CD+ T cells. Th1 cells main-
ly secrete IL-2, g-interferon (IFN-g), and TNF-b and participate 
in the induction of organ-specific autoimmune diseases [45]. 
Th2 cells mainly induce humoral immunity and play a leading 
role in allergic reactions. Studies have shown Th1/Th2 imbal-
ance in synovium and peripheral blood in RA patients, suggest-
ing that RA is a Th1-driven disease [46]. Th17 cells and their 
effector molecules IL-17A, IL-17F, IFN, and TNF have been re-
ported to participate extensively in the pathology of RA [47]. 
Some scholars have focused on Th17 cells in inflammatory and 
autoimmune processes and proposed a novel hypothesis that 
RA is characterized by a Th1/Th17 imbalance [48].

Antidepressant and anti-anxiety efforts have received increasing 
attention in the treatment of RA [49,50]. Depression and anxi-
ety are caused by perceived pain in RA patients. A prospective 

multicenter study indicated that depression and anxiety may 
reduce the likelihood of joint relief during RA treatment [51]. 
GO analysis of overlapping targets between compound targets 
and RA-related targets suggested that T. jasminoides may be 
able to modulate GABAergic synaptic transmission. GABA can 
bind to receptors in the brain that reduce anxiety by blocking 
the reception of anxiety information in the central nervous sys-
tem and effectively alleviate or directly suppress anxiety [52]. 
In addition, several compounds in T. jasminoides, including cor-
onaridine, ibogain, tabernaemontanine, voacangine, and tax-
ifolin, potentially target the proteins HTR2C, HTR1A, HTR1F, 
HTR2A, HTR2B, HTR6, HTR1B, HTR1D, HTR1E, HTR3A, HTR5A, 
HTR7, HTR3B, and HTR4. These 5-HT receptor family targets are 
closely related to serotonergic synapse (KEGG: 04726), known 
as the “happiness pathway,” which is closely related to reliev-
ing anxiety and depression [53,54].

The phytoestrogen effects of flavonoids have been exten-
sively studied [55,56]. Various flavonoids from T. jasminoides, 
including apigenin, norwogonin, and luteolin, showed poten-
tial phytoestrogenic activity because they may target RSR1 
and ESR2. Apigenin, for example, has repeatedly been identi-
fied as a phytoestrogen and has been shown to exert biolog-
ical effects in estrogen-sensitive disease such as breast can-
cer [57]. RA patients are prone to bone loss around the joints 
and throughout the body, leading to additional morbidity [58]. 
Flavonoid phytoestrogens have been proved to improve bone 
mineral density in ovariectomized mice, but their effects on the 
immune system and other side effects remain unknown [59].

This study has some limitations. First, due to the screening cri-
teria, this study included only compounds that were considered 
to be biologically active. Secondly, although many potential 
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pathways have been screened through network pharmacol-
ogy, further experimental verification is still required, which 
should be our next step in research.

Conclusions

Herbal medicines are an important part of complementary and 
alternative medicine. In the present study, we excavated the 
main bioactive compounds and uncovered the potential mech-
anisms for T. jasminoides on RA from a systematic perspective. 
Our study suggests that T. jasminoides mainly works through 

the IL-17 signaling pathway and the TNF signaling pathway 
along with other potential therapeutic targets, which is con-
sistent with current advocacy for combination therapy. It was 
also found to exert effects in regulating cell differentiation 
and to potentially have anti-anxiety, anti-depression, and es-
trogen-like effects. Next, we will conduct experiments in vivo 
and in vitro to verify these results.
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Supplementary Data

Molecule_name Cas MW OB (%) DL

(–)-Trachelogenin 3464-63-9 388.45 9.37 0.47

Amyrin 559-70-6 426.8 17.6 0.76

Apigenin 461015-54-3 270.25 23.06 0.21

Apigenin 7-gentiobioside 50826-94-3 594.57 11.65 0.7

apigenin-7-O-glucoside 578-74-5 432.41 9.68 0.74

Arctigenin 7770-78-7 372.45 8.05 0.44

Arctiin 20362-31-6 534.61 34.45 0.84

Benzyl glucopyranoside 878383 270.31 12.39 0.14

Campesterol 474-62-4 400.76 5.57 0.72

Chlorogenic acid 327-97-9 354.34 11.93 0.33

Chrysoeriol 491-71-4 300.28 35.85 0.27

Cinaroside 26811-41-6 448.41 7.29 0.78

Coronaridine 467-77-6 338.49 34.97 0.68

Cosmetin  578-74-5 432.41 9.68 0.74

Cycloeucalenol 469-39-6 426.8 39.73 0.79

Daidzin 552-66-9 416.41 14.32 0.73

Dambonitol 523-94-4 208.24 12.44 0.06

Dammara-20,24-dien-3beta-ol 52914-31-5 426.8 7.37 0.75

d-Nortrachelogenin 34444-37-6 374.42 5.95 0.43

Emodin 518-82-1 270.25 24.4 0.24

Fagarasterol 545-47-1 426.8 12.12 0.78

Guaiaverin 30370-87-7 434.38 29.65 0.7

Ibogain 17378-46-0 310.48 50.52 0.63

Kaempferol 520-18-3 286.25 41.88 0.24

Supplementary Table 1. Ingredients of T. jasminoides.
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