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Abstract
Background: As a source of Tibetan medicine “Dali”, Rhododendron anthopogonoides Maxim (RAM) has
good medically helpful effect on respiratory diseases. However, due to its complex components, there is
still a lack of pharmacological and pharmacodynamic research on its active components.

Methods: The research method of the network pharmacology was used in this study, to obtain the
mechanism of RAM in the treatment of acute lung injury (ALI) and acute respiratory distress syndrome
(ARDS). The active components of RAM were obtained by searching the relevant database, and the
protein targets of each chemical component in RAM were screened by Traditional Chinese Medicine
Database and Analysis Platform (TCMSP) and PubChem. Then, the protein targets were normalized to
the corresponding gene name through UniProt. Meanwhile, genes related to ALI were searched by Online
Mendelian Inheritance in Man (OMIM) database, GeneCards database, DrugBank database and
DisGeNET database. The “Component-Target-Protein” network was established by Cytoscape software,
and the core targets were screened by combining with STRING software. Finally, GO and KEGG
enrichment analysis were carried out by David database.

Results: Combined with all above results, 92 active components of RAM and 176 gene targets of
ALI/ARDS were screened, including 46 common targets, which were related to biological processes such
as in�ammation, immune and in�ammatory response, cell growth and differentiation and apoptosis.

Conclusions: It can be concluded through the investigation of network pharmacology that RAM regulates
a variety of physiological processes such as cell growth, differentiation, apoptosis and death by
activating the Toll-like receptor signaling pathway, TNF signaling pathway, cAMP signaling pathway,
MAPK signaling pathway, as well as regulating the in�ammatory response of cells, the immune response
of the body and promoting the in�ammatory cytokines NF‐κB dependent expression and other processes
to treat ALI/ARDS. This study revealed the mechanism of RAM multi-component, multi-target and multi-
pathway, and provided scienti�c basis and research ideas for its clinical application.

1. Introduction
Acute lung injury (ALI), a lung disease caused by some direct or indirect causes such as trauma, infection
and inhalation of harmful gases(1). Its main pathological manifestations are pulmonary edema,
respiratory distress and hypoxemia, and might damage various processes of lung function in different
ways(2). Without proper intervention, it might develop into acute respiratory distress syndrome (ARDS), a
common critical disease in clinic, which will lead to multiple organ failure and pose a serious threat to
human health(3).

Although great progress had been made in the treatment of ALI/ARDS, the incidence rate and mortality
rate of ALI/ARDS were still high. A study showed that in the United States, the incidence rate of ALI and
ARDS in patients over 15 years old was 78.9 cases and 58.7 cases in 100 thousand cases respectively,
with a mortality rate of 38.5% and 41.1% respectively(4). A retrospective cohort study reported that from
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2007 to 2016, incidence rate and mortality rate of 146,058 ICU patients under 18 years old with ARDS
were 1.8% and 20% respectively(5). Moreover, 56% of patients still needed continuous nursing because of
different degrees of severe lung function injury after rehabilitation(5), which also brought a great
economic burden to patients and their families.

At present, according to the pathological characteristics of ALI, its treatment methods mainly include
respiratory support treatment and pharmacological treatment. Respiratory supportive therapy mainly
includes mechanical ventilation(6) and extracorporeal membrane oxygenation (ECMO), which aims to
deliver su�cient oxygen and nutrition to various organs of the whole body to support the normal
operation of the human body. Clinically, although respiratory support therapy can alleviate the symptoms
of patients with ALI to a certain extent, it can only appropriately prolong the survival time of patients,
which can’t curb the deterioration of ALI, nor reduce the mortality of patients, and the existing respiratory
support treatment model is not suitable for the daily care of patients with ALI(7–9).

The pharmacological treatments of ALI mainly include corticosteroid (CS), antioxidant stress drugs and
so on. CS has strong effects of anti-in�ammatory and dilatation on pulmonary vessels. Nevertheless, the
treatment of CS has no remarkable impact on mortality. At the same time, the use of CS also has some
side effects, especially pediatric patients are prone to drug withdrawal reaction, infection and other risks
after stopping the use of CS(10). Antioxidant stress drugs such as N-acetylcysteine can only shorten the
stay time of patients in ICU to a certain extent, which also can’t reduce the mortality of patients(11). Up to
now, there is still no speci�c drug that can effectively prevent ALI. Although the treatment of ALI has
improved with the development of medicine, and gene therapy and cell transplantation have been proved
effective in ALI treatment, but there are still different degrees of limitations(12). Therefore, the incidence
rate and mortality rate of ALI is high as before(13) .

As an important part of traditional Chinese medicine (TCM), Tibetan medicine has a history of more than
3800 years(14), with a medical system perfected by the Tibetan people who living in the harsh cold and
hypoxia environment of the snow covered plateau through long-term life practice(15). Due to their
hypoxic living environment, the Tibetan people have a great demand for respiratory drugs, and statistics
showed that 37.55% of Tibetan medicine preparations can be used for the treatment of respiratory
diseases(16). In recent years, Tibetan medicine has played an important role in the prevention and
treatment of severe acute respiratory syndrome (SARS). At the same time, by analyzing the
pharmacological active components of disease-related Tibetan drugs and their compounds, it can be
seen that they have signi�cant therapeutic effects on respiratory diseases such as COVID-19, and can
effectively alleviate the symptoms of in�ammation, cough and so on(17).

Rhododendron anthopogonoides Maxim(RAM) is a Rhododendron L. plant of Ericaceae(18), a plant
source of Tibetan medicine “Dali” (  in Tibetan language)(19). As a shrub, it grows on the wet
hillside of high-altitude areas such as Gansu and Qinghai(20). The Rhododendron has effects of relieving
cough and asthma, eliminating phlegm, clearing away heat and toxic material, promoting digestion and
detumescence with a pungent and bitter taste and a mild property(21). Research showed that
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Rhododendron contained volatile oils, �avonoids, coumarins, triterpenoids and steroids, with
pharmacological effects such as antitussive and antiasthmatic, expectorant, bacteriostatic and anti-
in�ammatory, and played a certain role in the treatment of respiratory diseases(22). It is mainly used to
prevent and treat senile chronic bronchitis and has a wide application prospect in medicine. However, due
to its complex components, there is still a lack of pharmacological and pharmacodynamic research on its
active components(18).

2. Materials And Methods
2.1 Active ingredients and potential targets of RAM

Taking “RAM (Rhododendron anthopogonoides Maxim)” and “chemical constituents” as the key words,
the relevant literatures were searched in The National Center for Biotechnology Information (NCBI,
https://www.ncbi.nlm.nih.gov/), CNKI (https://www.cnki.net/), VIP (http://www.cqvip.com/), WANFANG
DATA (https://www.wanfangdata.com.cn/), and the search scope was from the establishment of the
database to April 29, 2021. Then synthesized all the searched active components of RAM and queried
CAS number through the chemical source network (https://www.chemsrc.com/) of each one. After
screened out the active components with CAS number, the related targets of each component were
predicted in Traditional Chinese Medicine Database and Analysis Platform (TCMSP, https://tcmsp-
e.com/) through CAS number. The compounds not recorded in TCMSP were searched in PubChem
(https://pubchem.ncbi.nlm.nih.gov/) continuously, exported the target proteins under the directory of
“Chemical-Gene Co-Occurrences in Literature”, and screened out compounds without target proteins after
integrating the information obtained in TCMSP and PubChem. Input the obtained target information into
Uniprot (https://www.uniprot.org/), set the category as “human”, then eliminated the genes without
“Homo sapiens” and “Reviewed” information, and standardize the protein name into the gene entries.

2.2 Collecting therapeutic targets of ALI/ARDS

The known therapeutic targets of ALI/ARDS were acquired from four sources: Online Mendelian
Inheritance in Man (OMIM) database (https://www.omim.org/), GeneCards database
(https://www.genecards.org/), DrugBank database (https://go.drugbank.com/) and DisGeNET database
(https://www.disgenet.org/), with combination of all data and elimination of the coincident gene entries,
the ALI/ARDS related genes were obtained.

2.3 Screening of common targets of RAM and ALI/ARDS

The Wayne diagram of RAM and ALI/ARDS targets was drawn on OmicShare website
(https://www.omicshare.com/), and the intersection targets might be the key targets of treatment of
ALI/ARDS with ALI.

2.4 Construction of Components-Target-Protein network
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The interaction network diagram of Components-Target-Protein was constructed by Cytoscape3.8.0
software. In order to make the network relationship clear, the active components and targets were
represented by “Nodes”, while the interactions between nodes were represented by “Edge”. After analyzing
the network, the core targets were screened by taking “Degree, Betweenness Centrality (BC) and
Closeness Centrality (CC)” greater than their corresponding median respectively.

2.5 Construction of Protein–Protein Interaction (PPI) network 

The core targets of RAM and ALI/ARDS were uploaded to the STRING11.5 (https://string-db.org/) in the
form of gene symbol to construct the PPI network, then set organism to “Homo sapiens”, minimum
required interaction score to “highest con�dence” (> 0.9), then hide disconnected nodes in the network,
and other parameters remain the default settings for export after operation.

2.6 Gene Ontology function (GO)and Kyoto Encyclopedia of Genes and Genomes database (KEGG)
pathway enrichment analysis

Database for Annotation, Visualization and Integrated Discovery (David) database
(https://david.ncifcrf.gov/) was used to analyze the GO function and KEGG pathway enrichment of the
core targets of RAM and ALI/ARDS. After screening the items with P < 0.05, all data were exported, and
visualized with Omicshare to explain the biological function and related signal pathways of treatment of
ALI/ARDS with ALI. The results were presented in the form of column chart and bubble chart.

The work�ow of the study on the treatment of ALI/ARDS with ALI based on network pharmacology was
shown in Figure 1.

3. Results
3.1 Screening of RAM active components

Through TCMSP and PubChem database, the components without corresponding target proteins were
eliminated, and 92 active compounds of RAM were obtained.
3.2 Screening of ALI/ARDS targets

By searching the disease action targets of ALI/ARDS in the disease target database (OMIM and
GeneCards), mining and deleting duplicate targets, 172 potential disease targets were collected and
standardized by UniProt ID.

3.3 Screening of common targets of drugs and diseases

As shown in the Venn chart (Fig. 2), 46 common targets of RAM and ALI/ARDS were obtained. It also
shown that RAM played a therapeutic role by acting on multiple related targets of ALI/ARDS through a
variety of components.

3.4 Construction and analysis of Components-Target-Protein network
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RAM active components and action targets were imported into Cytoscape3.8.0 software to construct the
“Components-Target-Protein” network diagram, including 982 nodes and 1665 edges (Fig. 3). Through the
network topology analysis, the core targets of RAM in the treatment ALI/ADRS were �ltrated by condition
that the Degree, BC and CC were greater than their respective median. As shown in Table 1, there were 13
core targets screen out, including CXCL8, CASP8, IL6, CCND1, NOS2, etc. The core targets might be
closely related to RAM in the treatment of ALI/ARDS, and adopted in further GO and KEGG analysis.

Table 1
The core targets of RAM in the treatment of ALI/ARDS

Uniprot

ID

Gene names Betweenness Centrality (BC) Closeness Centrality (CC) Degree

P10145 CXCL8 0.0186 0.2290 5

Q14790 CASP8 0.0169 0.2251 8

P05231 IL6 0.0319 0.2456 11

P24385 CCND1 0.0314 0.2460 11

P35228 NOS2 0.0545 0.2598 11

P01375 TNF 0.0609 0.2515 13

P05412 JUN 0.0314 0.2145 14

P37231 PPARG 0.0124 0.2174 15

P31749 AKT1 0.0659 0.2448 16

P25963 NFKBIA 0.0263 0.2496 19

P19838 NFKB1 0.0325 0.2474 22

Q04206 RELA 0.0491 0.2558 26

P35354 PTGS2 0.1645 0.2672 58

3.5 Construction and analysis of PPI network

To explore the relationship between the 13 core targets for treatment of ALI/ARDS, the PPI network was
constructed through STRING database. As shown in the Fig. 4, strong interactions were observed between
the core targets in the PPI network, which contained a total of 13 nodes, 36 edges, and the average node
degree was 5.54, the avg. local clustering coe�cient was 0.682.

3.6 GO function enrichment analysis
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As shown in Fig. 5, by using David database, GO function enrichment analysis was performed on the core
targets of treatment of ALI/ARDS, a total of 38 GO-related (P < 0.05) information were obtained, including
26 biological processes, 4 cellular components and 8 molecular functions. The enrichment results (Fig.
5A) showed that the biological processes of RAM in the treatment of ALI/ARDS were mainly related to
cellular response to lipopolysaccharide, in�ammatory response, positive regulation of transcription from
RNA polymerase II promoter, positive regulation of nitric oxide biosynthetic process, cellular response to
nicotine and so on. Cellular components (Fig. 5B) were mainly involved I-κB/NF-κB complex, cytosol,
nucleoplasm and nucleus. Molecular functions (Fig. 5C) were mainly focused on identical protein
binding, transcription factor binding, transcription regulatory region DNA binding, RNA polymerase II
distal enhancer sequence-speci�c DNA binding, protein homodimerization activity, chromatin binding,
transcription factor activity, sequence-speci�c DNA binding, protein heterodimerization activity. The
results suggested that ALI/ARDS involved multiple biological processes in vivo, and RAM might play a
role in the treatment of ALI/ARDS by regulating these biological processes. The top 20 biological
processes and all cellular components and molecular functions were concluded for visual analysis.

3.7 KEGG pathway enrichment analysis

The David platform was used for conducting KEGG pathway enrichment analysis for the core targets of
RAM and ALI/ARDS with the screening condition P ≤ 0.05. Excluding the pathways unrelated to
ALI/ARDS diseases, and a total of 18 pathways were obtained, and output all KEGG pathways in the form
of bubble diagram (Fig. 6). The size of the nodes indicated the number of enriched targets, and the color
of the nodes from red to blue indicated the p-value from large to small. Therefore, the larger the red node,
the higher the signi�cance of the signal path. After analysis, the signal pathways were mainly distributed
in Toll-like receptor signaling pathway, TNF signaling pathway, NOD-like receptor signaling pathway,
small cell lung cancer, apoptosis, RIG-I-like receptor signaling pathway and the details were listed in Table
2..
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Table 2
Main KEGG pathways signi�cantly relating to core targets

Term Pathway Count P-Value Pop Hits

hsa04620 Toll-like receptor signaling pathway 9 1.15E-12 106

hsa04668 TNF signaling pathway 9 1.24E-12 107

hsa04621 NOD-like receptor signaling pathway 7 1.97E-10 56

hsa05222 Small cell lung cancer 7 2.59E-09 85

hsa04210 Apoptosis 6 3.81E-08 62

hsa04622 RIG-I-like receptor signaling pathway 6 7.08E-08 70

hsa04064 NF-kappa B signaling pathway 6 2.13E-07 87

hsa04660 T cell receptor signaling pathway 6 4.29E-07 100

hsa04662 B cell receptor signaling pathway 5 4.32E-06 69

hsa04920 Adipocytokine signaling pathway 5 4.58E-06 70

hsa04623 Cytosolic DNA-sensing pathway 4 1.59E-04 64

hsa04062 Chemokine signaling pathway 5 2.16E-04 186

hsa04024 cAMP signaling pathway 5 2.75E-04 198

hsa04010 MAPK signaling pathway 5 7.00E-04 253

hsa04071 Sphingolipid signaling pathway 4 1.02E-03 120

hsa04151 PI3K-Akt signaling pathway 5 2.23E-03 345

hsa04068 FoxO signaling pathway 3 2.19E-02 134

hsa04630 Jak-STAT signaling pathway 3 2.54E-02 145

4. Discussion
As one of the sources of Tibetan medicine “Dali”, Rhododendron has the effects of relieving cough and
asthma, clearing heat and detumescence and tonifying the kidney(23). It is clinically used to treat
respiratory diseases such as cough, asthma, phlegm and so on(24). Its chemical constituents mainly
include �avonoids, sesquiterpenoids, triterpenoids, chromogen ketones, phenolic acids and etc.(22). In
this study, the active components of RAM were obtained to the greatest extent through multiple literature
search databases, after screening the components in TCMSP and PubChem database, the related targets
of each component were integrated, and the active targets and involved pathways of ALI/ARDS were
studied by using those databases. The mechanism of RAM in the treatment of ALI/ARDS was explained
from the perspective of targets and signal pathways, the “Component-Target-Protein” interaction network
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diagram of RAM in the treatment of ALI/ARDS was constructed, 92 active components and 46 common
action targets of RAM were screened, and 13 signi�cant and effective action targets were screened by
STRING and Cytoscape software. At the same time, GO and KEGG enrichment showed that they involved
26 biological processes, 4 cellular components, 8 molecular functions and 18 signal pathways. Through
the network pharmacological analysis of the components and targets of RAM, the targets and pathways
of RAM in the treatment of ALI/ARDS had a scienti�c basis.

By searching literatures and online pharmacological research methods, most of the screening criteria for
drug active ingredients included integrated model ADME information screening to identify the potential
bioactive, including the evaluation of Caco2 permeability, oral bioavailability (OB), and drug-likeness (DL),
and half-life (HL) were used to apply ADME-related models(25–27). In this study, because most Tibetan
drugs were natural drugs, with diverse sources of drugs, complex chemical components, and the active
components that exert the e�cacy were not clear. Meanwhile, there were few studies on the mechanism
of drug action, and many factors such as cultivation, harvesting, processing and storage might have a
certain impact on the components of drugs(28). Combined with various literature databases, it was found
that there were few studies on RAM with messy data information, and its active components and action
targets were less recorded in TCMSP and PubChem databases. Based on the above reasons, in the
current study, we did not screen the active components of RAM at the ADME level. Therefore, the
chemical components of RAM that might play a role but were not retrieved in TCMSP and PubChem need
to be studied.

Through the screening of active components and target prediction of RAM, it could be seen that RAM
mainly contains 92 chemical components such as naringenin, isorhamnetin, kaempferol and avicularin. A
Study had reported that naringenin can regulate T cell subsets and reduce the serum concentration of
proin�ammatory cytokines such as TNF-α, INF-γ, IL-6, and the globular in�ammatory reaction, so as to
achieve the effect of treating in�ammation(29). Isorhamnetin inhibited the activity of myeloperoxidase
(MPO), the levels of TNF-α and IL-6, to abolish in�ammation and support the mRNA expression of pro-
in�ammatory mediators(30). Kaempferol reduced the in�ltration of CD3 + T cell and gene expression of
major pro-in�ammatory cytokines including IL-6, IL-17A and TNF-α, at the same time, it also reduced the
signal of regulated pro-in�ammatory NF-κB(31). Avicularin prevented the activation of MEK/NF-κB
pathway, inhibited in�ammatory response, prevented cell viability, and induced TNF-α treatment of
apoptosis of human RA synovial cells(32). It can be seen that the active ingredients represented by
naringenin, isorhamnetin, kaempferol and avicularin play an important role RAM in the treatment of
ALI/ARDS, especially in terms of anti-in�ammatory.

Based on the“components-target-protein” network and PPI network, 13 core targets were screened for
RAM treatment of ALI/ARDS, including IL-6, TNF, CXCL8, NOS2, RELA, NF-κB1, NF-κBIA, etc, which were
closely related to in�ammation, immune and in�ammatory response, cell growth, differentiation and
apoptosis. As an in�ammatory factor, IL-6 is an indicator of in�ammatory response, and TNF can
promote the expression of IL-6 and mediate in�ammatory response(33). The abnormal regulation of
CXCL8 and its receptors was related to many in�ammatory mediated diseases. In response to external



Page 10/20

stimuli, lung macrophages secrete CXCL8, which coordinated the migration of PMN to the lungs and led
to airway in�ammatory diseases(34). Through enhancing macrophage migration and survival, circulating
in�ammatory signals, and impairing lipid metabolism, the lung SCC was promoted by NOS2. Also,
in�ammatory signals between macrophages and epithelial cells could be circulated by NOS2(35). As
macrophages, RELA was signi�cant in in�ammatory response, excessive RELA activation in
macrophages during in�ammation could lead to serious tissue damage and endanger health(36). A
group of transcription factors composed of NF-κB family contained NF-κB1, NF-κBIA were crucial
mediators of in�ammatory response. In addition to the in�ammatory response, there were various signal
transduction processes gathered on the NF-κB pathway, including cell proliferation, apoptosis,
angiogenesis and many other processes(37). From the above description, it was not di�cult to see that
the above targets were closely related to the subsequent pathways

Go and KEGG enrichment analysis showed that the biological processes of RAM in the treatment of
ALI/ARDS were mainly related to the response of cellular response to lipopolysaccharide, in�ammatory
response, positive regulation of nitric oxide biosynthetic process, etc. Molecular functions were mainly
focused on identical protein binding, transcription factor binding, etc. Cellular components were mainly
involved in I-κB/NF-κB complex, cytosol and so on. At the same time, combined with KEGG pathway
enrichment analysis, RAM treatment of ALI/ARDS involved Toll-like receptor signaling pathway, TNF
signaling pathway, etc. By querying the role and mechanism of each pathway in PubChem database, it
could be concluded that cAMP signaling pathway, MAPK signaling pathway, Sphingolipid signaling
pathway,PI3K-Akt signaling pathway, FoxO signaling pathway can regulate many physiological processes
such as cell growth, differentiation, apoptosis and death, while other 8 pathways such as Toll-like
receptor signaling pathway, NOD-like receptor signaling pathway, RIG-I-like receptor signaling pathway,
NF-κB signaling pathway were related to cellular in�ammatory response, immune response and the NF‐
κB dependent expression of in�ammatory cytokines. And Jak-STAT signaling pathway, TNF signaling
pathway, Adipocytokine signaling pathway can participate in many important biological processes such
as cell proliferation, differentiation, apoptosis and immune regulation at the same time. In addition, when
screening all KEGG pathways provided by David website, we retained small cell lung cancer, and as the
only lung related disease in the results, we believe that it might be related to ALI/ARDS to some extent.

In conclusion, this study shown that RAM might act on 46 targets such as TNF, TP53, IL6, PTGS2, CCL2
and VEGFA through 92 active components to regulate Toll-like receptor signaling pathway, NOD-like
receptor signaling pathway, RIG-I-like receptor signaling pathway and NF-κB signaling pathway, to involve
in anti-in�ammatory, immune response and promoting in�ammatory cytokines NF‐κB dependent
expression and other biological processes, which play a therapeutic role in the treatment of ALI/ARDS.
This study made an exploratory study on the action pathway and mechanism of RAM on ALI/ARDS. It
was found that RAM played an effective role in the treatment of ALI/ARDS through the synergistic action
of multi-component, multi-target and multi-pathway, which provided a theoretical basis for the follow-up
in-depth research, in order to provide new ideas and references for the development and utilization of
RAM. However, further experimental research and demonstration are still needed to lay a foundation for
further exploring the mechanism of RAM’s drug-target interaction
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Figures

Figure 1
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The work�ow of the study on the treatment of ALI/ARDS.

Figure 2

Venn diagram of “drug-disease” intersection targets of RAM in the treatment of ALI/ARDS.
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Figure 3

“Components-Target-Protein” network diagram of RAM in the treatment of ALI/ARDS. Note: the red
triangle represented drug active components, the blue circle represented the drug/component targets, the
yellow circle represented disease targets, the green rectangular represented the disease targets directly
affected by the drug/component, and the rose red circle represented proteins interacting with the targets.
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Figure 4

PPI network of core targets on the treatment of ALI/ARDS.
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Figure 5

GO enrichment results of RAM in the treatment of ALI/ARDS. Note: (A) biological processes, (B) cellular
components, (C) molecular functions
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Figure 6

KEGG pathway enrichment analysis results


