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Abstract

Pulmonary fibrosis (PF) is a severe chronic interstitial lung disease with high mortality, and there is currently a lack of
definite and effective treatment methods. Studies have found that gentiopicroside, a secoiridoid glycoside compound
derived from plants of the Gentiana genus, can significantly improve pulmonary inflammation and fibrosis lesions in
mice with pulmonary fibrosis. However, the mechanism of its anti-fibrotic effect is unclear. Therefore, in this study, we
employed network pharmacology’s virtual computer technology to investigate the potential mechanism underlying the
anti-pulmonary fibrosis effect of Gentianae Radix et Rhizome (Longdan in Chinese, GRR). Our findings offer valuable theo-
retical insights and serve as a guiding reference for future experimental investigations. A total of 10 active compounds
and 920 drug-target proteins were identified from the TCMSP database. The compound-target-pathway-disease network
showed that GRR could potentially treat PF by regulating the MDM2, ERBB2 and VEGFA, signaling pathways through
its key targets, including AKT1, TNF, and MAPK1. The protein—protein interaction network revealed that these targets
had strong interactions with each other, indicating a potential synergistic effect of GRR in treating PF. The GO and KEGG
enrichment analyses further supported the potential anti-pulmonary fibrosis mechanisms of GRR, including regulating
the inflammatory response, ECM-receptor interaction, and TGF-beta signaling pathways. Our study provides a systematic
analysis of the potential anti-pulmonary fibrosis mechanisms of GRR based on network pharmacology. These findings
could contribute to the development of novel treatments for PF and provide a basis for further experimental studies.
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PF Pulmonary fibrosis

Longdan in Chinese, GRR  Gentianae Radix et Rhizome

1 Introduction

Pulmonary fibrosis (PF) is a severe chronic fibrotic lung
interstitial injury disease characterized by fibroblast pro-
liferation, excessive extracellular matrix accumulation,
inflammation, tissue structure damage, and progressive
interstitial fibrosis, ultimately resulting in respiratory fail-
ure and high mortality rates [1]. Due to its complex patho-
genesis, short median survival time after diagnosis, and
lack of effective treatments, there is an urgent need to
develop low-toxicity, high-efficiency, and cost-effective
antifibrotic drugs [2]. Furthermore, for the recent outbreak
of novel coronavirus pneumonia (CoronaVirus Disease
2019, COVID-19), two important changes occur in the pro-
gression of the disease from ordinary infection to severe
or critical infection, which are significant manifestations
of PF. Therefore, controlling the development of PF is of
great significance in delaying the progression of COVID-19
[3]. Although the US Food and Drug Administration (FDA)
has currently approved two drugs, nintedanib and pirfe-
nidone, for the treatment of idiopathic PF [4], these drugs
have severe adverse effects and are expensive, despite
their antifibrotic, anti-inflammatory, and antioxidant prop-
erties [5-8], as well as their ability to inhibit the expression
of various growth factors and cytokines [6, 8]. Therefore,
there is an urgent need to develop new antifibrotic drugs
that are low toxicity, high efficiency, and cost effective.
Gentianae Radix et Rhizome (Longdan in Chinese, GRR)
in Chinese Pharmacopoeia is derived from the dried roots
and rhizomes of Gentiana scabra Bge. and Gentiana rige-
scens Franch., that have long been used for heat-clearing
and damp-drying in the medicinal history of China. Genti-
ana rigescens Franch., also known as Jianlongdan, Qingy-
udan, and Xiaoginjiao, is a perennial herb in the Genti-
anaceae family, mainly found in Yunnan Province, and
distributed in Sichuan, Guizhou, Guangxi, Hunan, and
other regions [9]. Plants in the Gentiana genus contain
various active components, such as iridoids, flavonoids,
and terpenoids, which have multiple pharmacological
activities, including anti-inflammatory, analgesic, hepato-
protective, antitumor, and antiviral effects [10]. Studies
have found that raw materials and iridoid compounds
from Gentiana plants can significantly improve pulmo-
nary fibrosis in rats and mice [11, 12], and the iridoid gly-
coside compound gentiopicroside from Gentiana plants
can significantly improve inflammation and fibrotic lesions
in mouse lungs with PF [13]. Certain traditional Chinese
medicine formulations, such as Fei Ning [14], contain GRR
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as an ingredient. These formulations have demonstrated
significant therapeutic efficacy in the treatment of pul-
monary fibrosis, bronchitis, and other pulmonary injuries
[15]. However, the precise mechanism underlying their
anti-fibrotic effects remains elusive. As the pathogenesis
of PF is complex and involves multiple targets, it is not con-
ducive to traditional medical experiments. Therefore, this
study used network pharmacology and virtual computer
technology to theoretically explore the antifibrotic mecha-
nism of action of GRR, providing theoretical references and
guidance for subsequent experiments.

Network pharmacology technology is a new method
based on computer virtual computing technology that
integrates a large amount of information and allows for
new discoveries by combining computational and exper-
imental methods. The computational methods mainly
include graph theory, statistical methods, data mining,
modeling, and information visualization methods. Experi-
mental methods include various high-throughput omics
technologies as well as biological and pharmacological
experiments. It integrates multidisciplinary technologies
and contents such as systems biology and multidirectional
pharmacology and explores the correlation between
drugs and diseases from a holistic perspective, providing
areliable research platform for predicting key targets and
pathways of drugs acting on diseases [16].

In TCM network pharmacology, a “network”is a mathe-
matical and computable representation of various connec-
tions between herbal formulae and diseases, particularly in
complex biological systems. By using basic network topol-
ogy measurements, it is possible to characterize different
drug treatments from a network perspective. Introducing
"networks" into drug discovery combines the assessment
of network topology and dynamics, providing a quantifi-
able description of complex biological systems and their
responses to various drug/herbal treatments [16]. The pre-
sent study employs a network pharmacology approach to
predict the key targets and possible mechanisms of action
of GRR in treating PF and establishes a "compound-target-
pathway" relationship to provide a reference for further
experimental research.

2 Result

2.1 Screening of active ingredients in GRR for oral
administration

Following a rigorous screening and data collection pro-
cess using the TCMSP database, 10 active compounds and
823 target proteins were identified based on a predeter-
mined threshold of OB >30% and DL=0.18, as shown in
Table 1. Moreover, to augment the analysis, the GeneCards
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Table 1 Major active ingredients of GRR

Mol ID Molecule name OB(%) DL
MOL003170 Gentisein 67.57 0.19
MOL003152 Gentisin 64.06 0.21
MOL000422 Kaempferol 41.88 0.24
MOL003155 Pranferin 52.14 0.28
MOL002322 Isovitexin 31.29 0.72
MOL003169 Gentiopicroside tetraacetate 32.44 0.75
MOL000359 Sitosterol 36.91 0.75
MOL003143 Gentirigenic acid 38.78 0.78
MOL003137 Leucanthoside 32.12 0.78
MOL001558 Sesamin 56.55 0.83
PF
795 28 892

Fig. 1 Venn diagram of intersection of Gentiana yunnanensis com-
ponent targets and PF targets. Red PF indicates pulmonary fibrosis
targets; blue Mol indicates active ingredient targets

database was utilized to retrieve a total of 920 target pro-
teins associated with PF.

2.2 Construction of target networks for GRR and PF

A Venn diagram analysis was conducted to compare the
target points of the constituents of GRR and those of PF.
There were 28 common target points between the two,
which may be the target points of GRR for treating PF,
as shown in Fig. 1. Among the 10 chemical constituents,
gentirigenic acid had the most common target points, as
shown in Fig. 2.

2.3 Construction of a protein—protein interaction
network of the targets of GRR in the treatment
of PF

The target protein networks for GRR and PF were
constructed. The networks consisted of 28 common

targets that were uploaded to the online STRING data-
base (https://string-db.org/), and the corresponding pro-
tein—protein interaction (PPI) information was obtained
by setting the medium confidence protein parameter
score to >0.4. A total of 24 important target proteins
were obtained, as shown in Fig. 3. Six key targets were
selected using Cytoscape 3.9.1 by calculating and filter-
ing the betweenness value (= 37.94), closeness (=0.015),
and degree value (= 6.18). The key targets included MDM2
(mouse double minute 2 homolog), ERBB2 (Erb-B2 recep-
tor tyrosine kinase 2), ESR1 (estrogen receptor 1), VEGFA
(vascular endothelial growth factor A), B2M (beta-2-mi-
croglobulin), and INS (insulin), as shown in Table 2.

2.4 KEGG pathway enrichment analysis and GO
functional enrichment analysis

The KEGG pathway enrichment analysis results showed
that a total of 75 related signaling pathways were
obtained, including inflammation, cancer, and the endo-
crine system. The main pathways included pathways in
cancer, carbon metabolism, fluid shear stress and athero-
sclerosis, protein processing in endoplasmic reticulum,
insulin signaling pathway, bladder cancer, cysteine and
methionine metabolism, proteoglycans in cancer, peroxi-
some, cAMP signaling pathway, HIF-1 signaling pathway,
and Ras signaling pathway, as shown in Fig. 4. The top 10
pathways were selected, and a network diagram of ingre-
dients, targets, pathways, and diseases was created using
Cytoscape 3.9.1, as shown in Fig. 5. The more connections
in the network, the greater the impact.

In the GO enrichment analysis, 20 biological functions
were identified, including protein synthesis, enzyme
synthesis, hormone response, protein receptor activity,
transcription regulation, and cell proliferation. The main
cellular components included the perinuclear region of
the cytoplasm, secretory granule lumen, small molecule
catabolic process, response to hormones, etc., as shown
in Fig. 6.

3 Discussion

The pathological feature of PF is the repeated injury and
repair of lung tissue, resulting in continuous damage to
alveoli and proliferation of fibroblasts, ultimately leading
to massive deposition of extracellular matrix in the lung
interstitium, which is a common outcome of many lung
diseases [17]. In the early stage of PF, pulmonary inflam-
mation is the main manifestation, followed by the chronic
inflammation and tissue repair phase, and ultimately, the
excessive proliferation of fibroblasts and abnormal tis-
sue repair result in the deposition of a large amount of
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Fig.2 Network map of Genti-
ana yunnanensis component
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collagen fibers in the lung interstitium, leading to PF.
The pathogenesis of PF is considered to be the abnormal
activation and differentiation of myofibroblasts, which is
a central link in the occurrence of PF [18]. Therefore, to
improve PF, two key points need to be addressed: first,
inflammation in the early stage needs to be suppressed,
and second, abnormal cell proliferation in the later stage
needs to be addressed. Through the intersection of target
prediction for the components of GRR and the PF-related
targets, it was found that there is good matching between
the two.

The key target MDM2 encodes a nuclear E3 ubiquitin
ligase. E3 ubiquitin ligases may have anti-inflammatory
effects by promoting macrophage polarization to the M2
phenotype [19-21]. Ubiquitin E3 ligases can contribute to
PF by regulating TGF-B-dependent pathways [22].

VEGFA (vascular endothelial growth factor A) is a mem-
ber of the PDGF/VEGF growth factor family. It encodes a
heparin-binding protein that exists as a disulfide-linked
homodimer. This growth factor induces the proliferation
and migration of endothelial cells and is critical for both
physiological and pathological angiogenesis. In mice,
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disruption of this gene results in abnormal embryonic
blood vessel formation [23, 24]. During severe acute res-
piratory syndrome coronavirus 2 (SARS CoV-2) infection,
VEGF levels increase, thereby promoting inflammation by
recruiting inflammatory cells and by increasing the level
of angiotensin Il (Ang ll), one of the two products of SARS
CoV-2 binding target angiotensin converting enzyme 2
(ACE2) [25]. Conversely, Ang Il promotes the increase in
VEGF, thus forming a vicious cycle in the release of inflam-
matory cytokines.

ERBB2 (Erb-B2 receptor tyrosine kinase 2) encodes a
member of the epidermal growth factor (EGF) receptor
family of receptor tyrosine kinases. The protein itself does
not have a ligand binding domain and therefore cannot
bind growth factors [26]. However, it does tightly associate
with other ligand-bound EGF receptor family members to
form heterodimers, stabilizing ligand binding and enhanc-
ing kinase-mediated activation of downstream signaling
pathways such as those involving mitogen-activated
protein kinase and phosphatidylinositol-3 kinase. It par-
ticipates in transcriptional regulation in the nucleus and is
associated with and activates transcription of the PTGS2/
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Fig.3 GRRactionona
pulmonary fibrosis target PPI
protein—protein interaction
network diagram

S100A8

Table 2 Key anti-fibrotic targets of GRR

Name Betweenness unDir  Closeness unDir  Degree unDir
MDM2  105.4549684 0.018181818 1
ERBB2  155.8865234 0.020833333 16
ESR1 47.49481367 0.018518519 13
VEGFA  103.3600595 0.020000000 15
B2M 69.14545455 0.016393443 7
INS 250.0285244 0.021276596 18

COX-2 promoter with the 5-TCAATTC-3' sequence. It is
also involved in the transcriptional activation of CDKN1A,
which involves STAT3 and SRC. It participates in the tran-
scription of rRNA genes through RNA Pol | and enhances
protein synthesis and cell growth. Studies have provided
evidence that the upregulation of the ERBB2 protein
facilitates the growth, proliferation, and metastasis of
non-small cell lung cancer (NSCLC) cells, particularly in
lung adenocarcinoma patients, thus establishing ERBB2
as a crucial therapeutic target in tumor management [27].
Moreover, Huang et al. [28] have suggested DS8201a as
a potential drug candidate targeting aberrations in the

TP73

RARB -

ERBB2 pathway, while afatinib has demonstrated prom-
ising therapeutic effects against cancer cases harboring
ERBB2 mutations.

Therefore, Gentiopicroside tetraacetate may exert its
effects on the cancer-related ERBB2 pathway by inhibit-
ing ERBB2 activity, thereby attenuating excessive fibro-
blast proliferation and abnormal tissue repair in the lungs,
leading to a deceleration of the PF process.

The KEGG pathway enrichment analysis showed that
GRR can act on multiple pathways, including carbon
metabolism, protein processing in the endoplasmic
reticulum, peroxisomes, cAMP signaling pathway, and
Ras signaling pathway. Among them, the cancer signal-
ing pathway, cCAMP signaling pathway, and Ras signaling
pathway are all related to abnormal cell proliferation. GO
functional analysis indicated that GRR was associated with
physiological functions such as protein synthesis, enzyme
synthesis, hormone response, protein receptor activity,
transcriptional regulation, and cell proliferation.

Due to practical constraints such as limited time
and resources, experimental validation was not per-
formed in this study. However, it is important to note
that the data utilized in our research were derived from
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Fig.4 Enrichment analysis of KEGG pathways for the target proteins of GRR

Fig. 5 Network diagram of ingredients-targets-pathways-diseases.
Blue circles represent pathways; red arrows represent the disease
PF; green triangles represent GRR; green circles represent active
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G0:0048471: perinuclear region of cytoplasm
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G0:0044282: small molecule catabolic process
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GO0:0030155: regulation of cell adhesion
GO0:0060341: regulation of cellular localization
G0:0001666: response to hypoxia
G0:0070848: response to growth factor
GO0:0009410: response to xenobiotic stimulus
GO0:0060284: regulation of cell development
G0:0048732: gland development
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Fig. 6 Gene ontology (GO) molecular function enrichment analysis of the targets of GRR

well-established and highly credible public databases.
The methods employed in our analysis are known for
their minimal margin of error and high reproducibility.

Moreover, the congruence between our research
findings and the conclusions drawn from other related
experimental studies mutually reinforces and supple-
ments our results. This convergence of evidence lends
further support to the validity and reliability of our
findings. It also underscores the value of our research
in providing insightful guidance for future validation
experiments.

While the absence of experimental validation in this
study is acknowledged as a limitation, we are committed
to conducting the necessary experimental investigations
in subsequent research endeavors. By combining theoreti-
cal insights with empirical evidence, we aim to establish
a comprehensive and robust framework that further con-
solidates our findings and contributes to the advancement
of the field.

4 Conclusion

In summary, GRR can exert its therapeutic effect on PF
through multiple active components, acting on multiple
targets and pathways with complex mechanisms. Specifi-
cally, Gentiopicroside tetraacetate, as a major active com-
pound in GRR, may decelerate fibroblast overproliferation
and abnormal tissue repair in the lungs by inhibiting the
activity of ERBB2.This study provides a theoretical basis for
the anti-lung fibrosis effect of GRR and provides a scientific
basis for its extensive use in the future.

5 Materials and methods
5.1 Software and databases

The databases used in this study include TCMSP [29],
PubChem [30], PharmMapper [31], GeneCards[32], UniProt
[33], STRING [34], and DAVID [35, 36]. Cytoscape 3.9.1 [37]
software and its plugins were used for data visualization.

5.2 Methods
5.2.1 Screening of chemical components

Chemical components of GRR were collected from the
TCMSP database. Considering that the main administra-
tion routes of GRR are decoction and oral administration,
the thresholds of oral bioavailability (OB) and drug-like
index (DL) are limited to OB >30% and DL =0.18, respec-
tively. After screening and deduplication, a table of effec-
tive and active compounds was generated.

5.2.2 Construction of target networks for GRR and PF

PubChem was used to search and download the 2D and
3D structures of each compound, then the prepared com-
pound structures were imported into PharmMapper. After
running the program, predicted protein targets for each
compound were obtained. After obtaining all compound
targets, duplicates were removed, and UniProt was used
to query the corresponding gene IDs for each target. PF-
related target genes collected from the online human
gene database GeneCards (https://www.genecards.org/)
by searching the term "Pulmonary Fibrosis". UniProt was
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used to standardize the protein target data, and a Venn
diagram was used to identify the intersection between the
disease targets and the active compound targets. Finally,
Cytoscape 3.9.1 software was used to construct a visual-
ized network diagram of the active compound targets and
disease targets.

5.2.3 Construction of the protein—protein interaction
network of GRR on PF targets

The target genes obtained in the previous step were
uploaded to the STRING 11.0 database to obtain protein
interaction information with a confidence protein param-
eter score greater than 0.40, and the target proteins were
analyzed.

5.2.4 GO enrichment analysis and KEGG pathway analysis

The obtained common key target proteins were subjected
to functional annotation and enrichment analysis using
DAVID, and enrichment analysis was performed on the
lung fibrosis target proteins and signaling pathways of
GRR.

Acknowledgements Thanks to Dali University for providing research
infrastructure. | would like to express my gratitude to my supervisor,
Professor Liu Weihong, for providing theoretical guidance, and to my
classmates and friends for their generous help. | also acknowledge
the financial support from the National Natural Science Foundation
of China.

Author contributions H-MX carried out the experiments. H-MX, and
L-WH conceived the research, analyzed the data, and prepared the
manuscript. L-HF and G-PF collected Signal pathway, interpretation
of results. S-YQ and G-PF conceived the English polishing. All authors
contributed to the article and approved the submitted version.

Funding This work was supported by the National Natural Science
Foundation of China (No. 31760158, No. 81960712), Open Project
Fund of Cooperative Innovation Center for Exploitation and Utili-
zation of Medicinal Insects and Arachnoid Resources in South-
west China (CIC201805) and Innovation team of Dali University
(ZKLX2019213).

Data availability The data used in this study were obtained from
publicly available databases.

Declarations

Conflict of interest The authors declare that they have no Conflict
of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this

SN Applied Sciences

A SPRINGER NATURE journal

article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK,
Colby TV, Cordier JF, Flaherty KR, Lasky JA, Lynch DA, Ryu JH,
Swigris JJ, Wells AU, Ancochea J, Bouros D, Carvalho C, Costabel
U, Ebina M, Hansell DM, Johkoh T, Kim DS, King TE Jr, Kondoh
Y, Myers J, Muller NL, Nicholson AG, Richeldi L, Selman M, Dud-
den RF, Griss BS, Protzko SL, Schunemann HJ, Fibrosis AEJACOIP
(2011) An official ATS/ERS/JRS/ALAT statement: idiopathic pul-
monary fibrosis: evidence-based guidelines for diagnosis and
management. Am J Respir Crit Care Med 183(6):788-824

2. Kinoshita T, Goto T (2019) Molecular mechanisms of pulmonary
fibrogenesis and its progression to lung cancer: a review. Int J
Mol Sci 20(6):1461

3. Li X, Chang H, Shi S, Zhou H, Bai W (2021) Research progress
of pathogenesis and therapy of pulmonary fibrosis in tra-
ditional Chinese medicine. Pharmacol Clin Chin Mater Med
37(1):240-247

4. Sundarakrishnan A, Chen'Y, Black LD, Aldridge BB, Kaplan DL
(2018) Engineered cell and tissue models of pulmonary fibrosis.
Adv Drug Deliv Rev 129:78-94

5. Dewage SNV, Organ L, Koumoundouros E, Derseh HB, Perera
KUE, Samuel CS, Stent AW, Snibson KJ (2019) The efficacy of pir-
fenidone in a sheep model of pulmonary fibrosis. Exp Lung Res
45(9-10):310-322

6. Lunardi F, Pezzuto F, Vuljan SE, Calabrese F (2018) Idiopathic
pulmonary fibrosis and antifibrotic treatments focus on experi-
mental studies. Arch Pathol Lab Med 142(9):1090-1097

7. Maher TM, Strek ME (2019) Antifibrotic therapy for idiopathic
pulmonary fibrosis: time to treat. Respir Res 20(1):1-9

8. Sugizaki T, Tanaka K, Asano T, Kobayashi D, Hino Y, Takafuji A,
Shimoda M, Mogushi K, Kawahara M, Mizushima T (2019) Ide-
benone has preventative and therapeutic effects on pulmonary
fibrosis via preferential suppression of fibroblast activity. Cell
Death Discov 5:146

9. WanglL, YangY, Fang Y, Ma C, Zhang Z, Zhu X, Wang J, Liu D
(2017) Investigation and analysis on resources of chinese
material gentiana rigescens Franch. Southw China J Agric Sci
30(2):267-272

10. ChuB,Zhang Q, Li Z, Wang (2016) Research advances in chemi-
cal constituents and pharmacological activity from Gentiana
rigescens. Chin J Exp Tradit Med Formulae 22(13):213-222

11. Zhang, Zhao H, Li H, Cao W, Wang F, Zhang T, Wang SW (2017)
Protective effects of amarogentin against carbon tetrachloride-
induced liver fibrosis in mice. Molecules 22(5):754

12. Qui ZX, Li F, Ma CD, Liu J, Li SD, Wang WL (2015) Effects of gen-
tiana scabra bage on expression of hepatic type |, Il collagen
proteins in Paragonimus skrjabini rats with liver fibrosis. Asian
Pac J Trop Med 8(1):60-63

13. Chen C, Wang YY, Wang YX, Cheng MQ, Yin JB, Zhang X, Hong
ZP (2018) Gentiopicroside ameliorates bleomycin-induced pul-
monary fibrosis in mice via inhibiting inflammatory and fibrotic
process. Biochem Biophys Res Commun 495(4):2396-2403

14. Liang X, Tian Q, Wei Z, Liu FE, Chen J, Zhao Y, Qu P, Huang X,
Zhou X, Liu N, Tian F, Tie R, Liu L, Yu J (201 1) Effect of Feining on


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

SN Applied Sciences

(2023) 5:359

| https://doi.org/10.1007/s42452-023-05584-5

Research

20.

21.

22.

23.

24,

25.

26.

27.

bleomycin-induced pulmonary injuries in rats. J Ethnopharma-
col 134(3):971-976

. Saadat S, Beigoli S, Khazdair MR, Amin F, Boskabady MH (2022)

Experimental and clinical studies on the effects of natural prod-
ucts on noxious agents-induced lung disorders, a review. Front
Nutr 9:867914

Li S, Zhang B (2013) Traditional Chinese medicine network
pharmacology: theory, methodology and application. Chin J
Nat Med 11(2):110-120

Pan X, Li J, Tu X, Wu C, Liu H, Luo Y, Dong X, Li X, Pan L-L, Sun J
(2020) Lysine-specific demethylase-1 regulates fibroblast acti-
vation in pulmonary fibrosis via TGF-beta 1/Smad3 pathway.
Pharmacol Res 152:104592

. Wuyts WA, Wijsenbeek M, Bondue B, Bouros D, Bresser P, Cord-

eiro CR, Hilberg O, Magnusson J, Manali ED, Morais A, Papiris S,
Shaker S, Veltkamp M, Bendstrup E (2020) Idiopathic pulmonary
fibrosis: best practice in monitoring and managing a relentless
fibrotic disease. Respiration 99(1):73-82

. Oliner JD, Kinzler KW, Meltzer PS, George DL, Vogelstein B (1992)

Amplification of a gene encoding a p53-associated protein in
human sarcomas. Nature 358(6381):80-83

Tian H, Tackmann NR, Jin A, Zheng J, Zhang Y (2017) Inactivation
of the MDM2 RING domain enhances p53 transcriptional activity
in mice. J Biol Chem 292(52):21614-21622

Wade M, Wong ET, Tang M, Stommel JM, Wahl GM (2006) Hdmx
modulates the outcome of p53 activation in human tumor cells.
J Biol Chem 281(44):33036-33044

Li S, Zhao J, Shang D, Kass DJ, Zhao Y (2018) Ubiquitination and
deubiquitination emerge as players in idiopathic pulmonary
fibrosis pathogenesis and treatment. JCl Insight 3(10):e120362
Mattei MG, Borg JP, Rosnet O, Marme D, Birnbaum D (1996)
Assignment of vascular endothelial growth factor (VEGF) and
placenta growth factor (PIGF) genes to human chromosome
6p12-p21 and 14924-q31 regions, respectively. Genomics
32(1):168-169

Glorioso N, Herrera VLM, Bagamasbad P, Filigheddu F, Troffa C,
Argiolas G, Bulla E, Decano JL, Ruiz-Opazo N (2007) Association
of ATP1A1 and Dear single-nucleotide polymorphism haplo-
types with essential hypertension: Sex-specific and haplotype-
specific effects. Circ Res 100(10):1522-1529

Yin X-X, Zheng X-R, Peng W, Wu M-L, Mao X-Y (2020) Vascular
endothelial growth factor (VEGF) as a vital target for brain
Inflammation during the COVID-19 outbreak. ACS Chem Neu-
rosci 11(12):1704-1705

Ishii S, Imamoto F, Yamanashi Y, Toyoshima K, Yamamoto T (1987)
Characterization of the promoter region of the human c-erbb-2
protooncogene. Proc Natl Acad Sci USA 84(13):4374-4378
Xinju L, Jingren L, Meng W, Yuan D (2003) Expression and clinical
significance of epidermal growth factor receptor and C-erbB2
oncoprotein in non-small cell lung cancer. J Xian Med Univ

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Huang X, Jin R, Lou L, Zhao J, Xia L, Zhao J, Li W, Xu Z, Xia Y
(2020) The efficacy of ado-trastuzumab emtansine in patients
with ERBB2-aberrant non-small cell lung cancer: a systematic
review. Trans| Cancer Res 9(8):4507-4516

Ru J, Li P, Wang J, Zhou W, Li B, Huang C, Li P, Guo Z, Tao W, Yang
Y, Xu X, Li Y, Wang Y, Yang L (2014) TCMSP: a database of sys-
tems pharmacology for drug discovery from herbal medicines.
J Cheminform 6:13

Kim S, Chen J, Cheng T, Gindulyte A, He J, He S, Li Q, Shoemaker
BA, Thiessen PA, Yu B, Zaslavsky L, Zhang J, Bolton EE (2023)
PubChem 2023 update. Nucleic Acids Res 51(D1):D1373-D1380
Wang X, Shen Y, Wang S, Li S, Zhang W, Liu X, Lai L, Pei J, Li H
(2017) PharmMapper 2017 update: a web server for potential
drug target identification with a comprehensive target pharma-
cophore database. Nucleic Acids Res 45(W1):W356-W360
Stelzer G, Rosen N, Plaschkes |, Zimmerman S, Twik M, Fishile-
vich S, Stein Tl, Nudel R, Lieder |, Mazor Y, Kaplan S, Dahary D,
Warshawsky D, Guan-Golan Y, Kohn A, Rappaport N, Safran M,
Lancet D (2016) The GeneCards suite: from gene data mining
to disease genome sequence analyses. Curr Protoc Bioinform
54(1):1-30

UniProt C (2023) UniProt: the universal protein knowledgebase
in 2023. Nucleic Acids Res 51(D1):D523-D531

Szklarczyk D, Kirsch R, Koutrouli M, Nastou K, Mehryary F, Hachi-
lif R, Gable AL, Fang T, Doncheva NT, Pyysalo S, Bork P, Jensen
LJ, von Mering C (2023) The STRING database in 2023: protein-
protein association networks and functional enrichment analy-
ses for any sequenced genome of interest. Nucleic Acids Res
51(D1):D638-D646

Sherman BT, Hao M, Qiu J, Jiao X, Baseler MW, Lane HC, Imamichi
T, Chang W (2022) DAVID: a web server for functional enrich-
ment analysis and functional annotation of gene lists (2021
update). Nucleic Acids Res 50(W1):W216-W221

da Huang W, Sherman BT, Lempicki RA (2009) Systematic and
integrative analysis of large gene lists using DAVID bioinformat-
ics resources. Nat Protoc 4(1):44-57

Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D,
Amin N, Schwikowski B, Ideker T (2003) Cytoscape: a software
environment for integrated models of biomolecular interaction
networks. Genome Res 13(11):2498-2504

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

SN Applied Sciences

A SPRINGERNATURE journal



	Exploring the mechanism of Gentiana rigescens Franch. in the treatment of pulmonary fibrosis based on network pharmacology
	Abstract
	Article highlights
	1 Introduction
	2 Result
	2.1 Screening of active ingredients in GRR for oral administration
	2.2 Construction of target networks for GRR and PF
	2.3 Construction of a protein‒protein interaction network of the targets of GRR in the treatment of PF
	2.4 KEGG pathway enrichment analysis and GO functional enrichment analysis

	3 Discussion
	4 Conclusion
	5 Materials and methods
	5.1 Software and databases
	5.2 Methods
	5.2.1 Screening of chemical components
	5.2.2 Construction of target networks for GRR and PF
	5.2.3 Construction of the protein‒protein interaction network of GRR on PF targets
	5.2.4 GO enrichment analysis and KEGG pathway analysis


	Acknowledgements 
	References


