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Protective effects of notoginsenoside R1 on acute lung injury in
rats with sepsis
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Background: To clarify the mechanism of notoginsenoside R1 in the treatment of septic acute lung injury
(ALI) based on network pharmacological analysis, and to verify it in the model of septic ALI in rats.
Methods: Based on database searching, the related targets of notoginsenoside R1 and ALI were identified,
and the component-disease-target network was constructed. The core targets were screened by protein-
protein interaction (PPI), and the functional enrichment of Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) was analyzed. The rat model of septic ALI was further established to
investigate the pharmacological effects of notoginsenoside R1.

Results: Notoginsenoside R1 possibly affected ALI through 150 targets, of which 36 were core targets.
GO semantic similarity analysis showed that notoginsenoside R1 might play a role in regulating interleukin
17 (IL-17) signal pathway, tumor necrosis factor (TNF) signal pathway and other key links by regulating
MAPKI1, MAPK3, IL-1p and other targets. The results of pharmacological experiments showed that
notoginsenoside R1 could significantly reduce the wet:dry ratio of the lung in an animal model of ALI,
improve the pathological injury of the lung, and reduce the content of IL-1p in serum and in bronchoalveolar
lavage fluid (BALF) of experimental animals.

Conclusions: Notoginsenoside R1 can inhibit pulmonary edema, reduce inflammation, and improve lung
lesions through multiple targets and pathways to achieve the pharmacological effects in the treatment of
septic ALL
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Introduction often indicates the systemic dysfunction of multiple

Sepsis is a series of life-threatening dysfunction caused by organs (2). Owing to the improvement of medical

an uncontrolled response to infection of multiple organs (1). conditions, the ALT mortality rate has been reduced

The emergence of acute lung injury (ALI) during sepsis from 60-80% to 35-40% in recent years (3). Clinically,
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corticosteroids are mainly used to treat ALI, but their use
can lead to the risk of infection and other adverse reactions
in patients (4). However, there is no recommended ideal
solution for ALIL

The heat-clearing and detoxifying effects of traditional
Chinese medicine (TCM) are in line with the immune and
anti-inflammatory concepts of modern medicine (5). TCM
drugs a rich source of drug discovery, most of which do not
have serious adverse effects (6). TCM provides theories,
resources, and clinical experience for supporting the drug
development of ALI (7). Panax notoginseng (Burk) F. H.
Chen or notoginseng is a precious medicinal material in
China, which is traditionally used in promoting circulation,
removing stasis, reducing swelling, and relieving pain.
The main active components of notoginseng are total
saponins, which have significant anti-inflammatory
and immunomodulatory effects (8). Notoginsenoside
R1 is rich in total saponins which may be its main
medicinal ingredient. Previous experiments have used
lipopolysaccharide (LPS) to induce sepsis in rats or mice (9).
Studies have shown that notoginsenoside R1 may protect
human lung fibroblast MRC-5 cells from LPS-induced
injury (10). This article intends to systematically analyze
the mechanism of action of notoginsenoside R1 in the
treatment of ALI by means of network pharmacology. The
pharmacological effects of notoginsenoside R1 were further
verified by replicating the rat model of sepsis-induced ALL
We present the following article in accordance with the
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2496).

Methods
Experimental materials

Notoginsenoside R1 reference substance (batch number
B21099, purity >98%; Shanghai Yuanye Biotechnology Co.,
Ltd.); dexamethasone sodium phosphate injection (National
Medicines Standard H41020036; Sinopharm Group
Sheng Pharmaceutical Co., Ltd.); lipopolysaccharide LPS
(batch number S11060; Shanghai Yuanye Biotechnology
Co., Ltd.); rat interleukin beta (IL-1B) enzyme-linked
immunosorbent assay kit [ELISA; D731007; Shenggong
Bioengineering (Shanghai) Co., Ltd.]; specific-pathogen
free (SPF) grade Wistar rats (license number: SCXK (chuan)
2020-030; weight 200+20 g, half male and half female;
Chengdu Dashuo Experimental Animal Co., Ltd.); a full-
wavelength microplate reader (Multiskan Sky, Thermo

© Annals of Translational Medicine. All rights reserved.

Cao et al. Protective of notoginsenoside R1 on acute lung injury

Fisher Scientific); and a desktop refrigerated centrifuge
(Allegra X-15R, purchased from Beckman Coulter, USA)
were acquired for this study. Experiments were performed
under a project license (No. SXZYYDXDWLL20200233)
granted by ethics board of Shaanxi University of Chinese
Medicine , in compliance with internationally recognized
and institutional guidelines for the care and use of animals.

Screening of targets and construction of relationship
networks

The potential targets of notoginsenoside R1 were screened
through Swiss Target Prediction, Pharmapper, BindingDB,
and Comparative Toxicogenomics Database (CTD). The
molecular targets involved in the pathological progression
of lung injury were screened through CTD, GeneCards,
and DisGeNet databases using “Lung Injury” and “Acute
Lung Injury” as keywords. With reference to literature
reports, repeated genes and false-positive genes were
discarded. The obtained data were imported into Cytoscape
3.7.2 software to construct a prediction network of a
“component-disease-target”. A Venn diagram was plotted to
confirm the component-disease shared targets.

Protein-protein interaction (PPI) analysis to confirm the
core targets

PPI refers to the process of two or more protein molecules
forming a protein complex through noncovalent bonds. The
shared targets were analyzed by PPI, and the core targets
with a confidence score of more than 0.9 were screened.

Annotation of biological process and function envichment
of core targets

Further analysis was carried out to show the biological
processes and signal pathways that may be involved in the
treatment of lung injury by notoginsenoside R1. The Gene
Ontology (GO) biological process annotation of the core
target (covering biological process, molecular function, and
cellular component) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) function enrichment were carried out
through the “ClusterProfiler” package of R software.

GO semantic similarity analysis

The similarity of core genes was analyzed through
“SemSim” package of R software, and the core functional
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Table 1 Scoring criteria for lung injury

Lesions Degree Score
Necrosis of None 0
iZTSOIar epithelial Mild (necrosis of a few cells) 1
Moderate (small necrosis zone) 2
Serve (vast stretches of necrosis) 3
Inflammatory cell None 0
infiltration Mild (infiltration of a few cells) 1
Moderate(infiltration of many cells) 2
Serve (massive cell infiltration) 3
Bleeding None 0
Mild 1
Moderate 2
Serve 3
Interstitial edema None 0
Mild 1
Moderate 2
Severe 3

genes were further screened by analyzing the functional
similarity of gene products.

Animal model

A total of 60 healthy SPF Wistar rats were used in animal
experiments. After 1 week of acclimatization, the rats
were allocated into six groups by stratified randomization:
a control; model; 5 mg/kg, 10 mg/kg, and 20 mg/kg
notoginsenoside R1 groups; and a positive control group
(dexamethasone, 2 mg/kg, intraperitoneal injection). There
were 10 rats in each group. The rats were administered
intragastrically once daily for 7 days before modeling. The
control group and the model group were intragastrically
administered isopyknic normal saline; 30 minutes after
the last administration, LPS (5 mg/kg) was injected
intraperitoneally in all groups except the control group to
establish a rat model of sepsis-induced ALIL.

Sampling and testing

After 24 hours of LPS injection, the rats were anesthetized
with pentobarbital sodium (30 mg/kg). Blood was collected
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from venous plexus of the orbit, centrifuged at 3,500 rpm
for 15 minutes at 4 °C, and the serum was collected. The
rats were then sacrificed, and tracheotomy was immediately
performed so that the left bronchi were tied. The right
lung of each rat was washed briefly 3 times with 0.5 mL of
37 °C phosphate-buffered saline to collect bronchoalveolar
lavage fluid (BALF). The free water was absorbed from the
right lung with filter paper before the lung wet:dry weight
ratio was measured. The right lung tissue was collected for
hematoxylin and eosin (HE) staining, and the pathological
changes of the lung tissue were evaluated according to
the scoring in Tuble I; enzyme-linked immunosorbent
assay (ELISA) was applied to show the concentration
of inflammatory cytokine IL-1B in BALF and in serum,
according to the kit instructions.

Statistical analysis

SPSS 21.0 software (IBM Corp.) was used for statistical
analysis of data. Measurement data are shown as mean =
SD, and difference between groups was tested by one-way
analysis of variance (ANOVA). A P value <0.05 was taken as
statistically significant.

Results

Screening of components, disease, and targets for network
relationship construction

Targets for notoginsenoside R1 were searched for in the
databases. Swiss Target Prediction database predicted 17
targets, Pharmapper predicted 189, Binding DB predicted
1, and CTD predicted 85. Several databases are included
in the definition of the pathological progress of lung injury.
CTD yielded 3,300 molecular targets, GeneCards 10, and
DisGeNet 20. After deduplication, a total of 3,312 disease
targets were obtained. Cytoscape 3.7.2 software was used,
and a Venn diagram was generated. Notoginsenoside R1
and ALI shared 150 targets, and the component-disease
targets network was constructed (Figure I).

PPI analysis

PPI was then applied with the 150 shared targets, and 36
core targets with a confidence score of more than 0.9 were
screened. The core targets were mainly inflammation-
related proteins, including STAT3, TNF, IL6, MAPKI,
MAPK3, RELA, MAPKS, IL-1p, IL-10, IL-2, etc. (Figure 2).
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Figure 1 Component-target-disease network of notoginsenoside R1 in ALL (A) Structure of notoginsenoside R1; (B) Venn diagram of

target intersection; (C) component-target-disease network. ALI, acute lung injury.

GO and KEGG functional enrichment of core targets

GO cell component (CC) enrichment analysis show
that the core targets were mainly distributed in lipid
rafts, membrane microdomains, membrane region,
platelet alpha granule lumen, and platelet alpha granule
(Figure 34). Molecular functions were cytokine receptor
binding, cytokine activity, growth factor receptor binding,
integrin binding, receptor ligand activity, etc. (Figure 3B).
Biological process (BP) mainly involved response to
lipopolysaccharide, response to molecule of bacterial
origin, positive regulation of establishment of protein
localization, regulation of reactive oxygen species

© Annals of Translational Medicine. All rights reserved.

metabolic process, and leukocyte migration (Figure 3C).
The top 20 related pathways (according to minimum P
value) of KEGG enrichment are shown in Table 2.

The relevant literature indicated that notoginsenoside
R1 inhibits sepsis-induced ALI via inactivating
inflammation. IL-17, tumor necrosis factor (TNF),
human cytomegalovirus infection, Kaposi sarcoma-
associated herpesvirus infection, C-type lectin receptor
signaling pathway, Th17 cell differentiation, NOD-like
receptor signaling pathway, inflammatory bowel disease,
necrosis factor (NF)-«B, influenza A, and others play a
pharmacological role in the treatment of lung injury with
notoginsenoside R1 (Figure 4).
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Figure 2 Interactions of the core targets of notoginsenoside R1 in ALI analyzed with PPI. (A) Interactions between the main cotargets; (B)

interactions between the core cotargets. ALI, acute lung injury; PPI, protein-protein interaction.

Identifying regulatory genes through gene similarity
analysis

Core genes were further verified by similarity analysis. As
shown in Figure 5, MAPKI, MAPK3, IL-1B, CCL2, CHUK,
and BID may be the regulatory genes for notoginsenoside
R1 in treating lung injury.

Notoginsenoside R1 can significantly reduce the wet:dry
ratio of lung tissue in LPS-treated rats

The protective effect of notoginsenoside R1 in sepsis-
induced ALI was further validated in LPS-challenged
rats. The lung tissue wet:dry ratio indicates the water
content of the lungs of experimental animals. It can be
seen from Figure 6 that the wet:dry ratio value of the
model group was significantly higher than that of the
normal control group (P<0.05); compared with the model
group, dexamethasone could significantly reduce the
wet:dry ratio value of experimental animals (P<0.01).
Similarly, the wet:dry ratio of notoginsenoside R1
(5-20 mg/kg) groups decreased significantly compared
with the model group (P<0.05, P<0.01), indicating that the
pulmonary inflammation of each group was weakened with
notoginsenoside R1.
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Notoginsenoside R1 could significantly improve the
pathological conditions of the lungs in LPS-treated rats

The pathological changes of the lung tissue were observed
with HE-stained sections of each rat (Figure 7). The lung
tissue of the control group was in good condition, with
thin walls, no hyperplasia or thickening of connective
tissue, and complete and clear bronchial structures at all
levels, with typical alveolar epithelial cell morphology,
homogeneous cytoplasmic staining, and clear nuclei
(Figure 7A4,B). In the model group (Figure 7C,D), there was
degeneration and necrosis of alveolar epithelial cells with
alveolar collapse, narrow alveolar cavity, loss of basic shape
of the alveolar epithelial cells, slight edema of the alveolar
interstitial, loose connective tissue in the alveolar septum,
varying degrees of inflammatory cell infiltration (mainly
lymphocytes, neutrophils, or macrophages), and bronchial
and perivascular interstitial edema with inflammatory cell
infiltration. Unequal amounts of red blood cell infiltration
could also be seen in the necrotic area. In the 5 mg/kg
notoginsenoside R1 group (Figure 7E,F), the lung lesions
were observed with relatively thick walls. In 5 of all the
6 rats, alveolar epithelial cell degeneration, necrosis, pyknic
or lytic of necrotic cell nucleus, dissolution or disappearance
of cytoplasm, pink-stained plasma of the necrotic area, and
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Figure 3 GO enrichment of the core target of notoginsenoside R1 in ALL (A) Cellular localization, CC enrichment; (B) molecular function,
MEF enrichment; (C) biological process, BP enrichment. GO, Gene Ontology; ALI, acute lung injury.

cell aggregation (lymphocytes, neutrophils, or macrophages) infiltration. In the 10 mg/kg notoginsenoside R1 group

were seen. In 3 rats, the distribution of red blood cells was (Figure 7G,H), the lung tissue structure was relatively
seen in the alveoli and alveolar cavity, and edema was seen normal, 2 rats had alveolar epithelial cell degeneration and
around the bronchus and vessels, with inflammatory cell necrosis, the morphology and structure of necrotic cells

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2021;9(12):996 | https://dx.doi.org/10.21037/atm-21-2496



Annals of Translational Medicine, Vol 9, No 12 June 2021 Page 7 of 12

Table 2 KEGG related information of core genes involved in regulation

Pathway name P value P.adjust Q value Count
AGE-RAGE signaling pathway in diabetic complications 2.01e-23 3.51e-21 7.18e-22 17
Fluid shear stress and atherosclerosis 9.03e-21 7.90e-19 1.62e-19 17
IL-17 signaling pathway 3.73e-20 2.17e-18 4.45e-19 15
Chagas disease (american trypanosomiasis) 1.62e-19 7.11e-18 1.45e-18 15
TNF signaling pathway 5.36e-19 1.88e-17 3.84e-18 15
Toxoplasmosis 8.18e-19 2.39%e-17 4.88e-18 15
Leishmaniasis 5.66e-18 1.42e-16 2.89e-17 13
Human cytomegalovirus infection 3.92e-17 8.57e-16 1.75e-16 17
Kaposi sarcoma-associated herpesvirus infection 5.41e-17 1.05e-15 2.15e-16 16
C-type lectin receptor signaling pathway 6.07e-16 1.06e-14 2.17e-15 13
Th17 cell differentiation 8.91e-16 1.42e-14 2.90e-15 13
Tuberculosis 9.83e-16 1.43e-14 2.93e-15 15
Nod-like receptor signaling pathway 1.22e-14 1.56e-13 3.18e-14 14
Malaria 1.25e-14 1.56e-13 3.18e-14 10
Apoptosis 2.19e-14 2.55e-13 5.22e-14 13
Pertussis 2.80e-14 3.06e-13 6.27e-14 11
Inflammatory bowel disease 2.58e-13 2.65e-12 5.43e-13 10
Osteoclast differentiation 3.36e-13 3.27e-12 6.68e-13 12
Nf-kappa B signaling pathway 3.60e-13 3.32e-12 6.78e-13 11
Influenza A 4.39e-13 3.84e-12 7.86e-13 13
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Figure 4 KEGG enrichment of the core target of Notoginsenoside R1 in ALI. KEGG, Kyoto Encyclopedia of Genes and Genomes; ALI,

acute lung injury.
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Figure 6 Effects of notoginsenoside R1 on lung edema of LPS-induced ALI rats. The wet:dry ratio was measured. N=6. *, P<0.05; **,

P<0.01 vs. model. LPS, lipopolysaccharide; ALI acute lung injury.

were blurred, and 2 rats had mild alveolar interstitial edema.
In all 6 rats, a small amount of lymphocytes, neutrophils
or macrophages were seen in the alveolar cavity, and 2 rats
had slight bleeding in the necrotic area. The 20 mg/kg
notoginsenoside R1 group was quite normal (Figure 7L 7).
Of the 6 rats, 4 showed a small amount of lymphocytes,
neutrophils, or macrophages in the alveolar cavity, but no
further abnormality was observed. The lung tissue structure
of the positive control group was relatively good, with 3 rats
having slight edema in the alveolar interstitium, as shown in
Figure 7K, L.

The HE staining was scored according to the system
presented in Table 1. As shown in Tuble 3, compared with
the control group, the lung injury of the model group was

© Annals of Translational Medicine. All rights reserved.

significantly decreased (P<0.05). Compared with the model
group, the lung lesion was significantly reduced in the 10
and 20 mg/kg notoginsenoside R1 groups, as well as the
positive control group.

Notoginsenoside R1 reduced IL-1f levels in LPS-induced
ALI rats

As shown in Figure 84, the serum IL-1B content of the
model group after lung injury was significantly higher than
that of the normal control group (P<0.05). Compared with
the model group, the positive treatment dexamethasone
could significantly reduce the serum IL-1p in rats (P<0.05),
and the serum IL-1p content of rats in the 20 mg/kg
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Figure 7 Effects of notoginsenoside R1 on histopathology of LPS-induced ALI rats. HE staining. (A) Control (x100). (B) Control
(x400). (C) Model (x100): alveolar necrosis with inflammatory cell infiltration. (D) Model (x400). (E) Notoginsenoside R1 5 mg/
kg (x100). (F) Notoginsenoside R1 5 mg/kg (x400). (G) Notoginsenoside R1 10 mg/kg (x100). (H) Notoginsenoside R1 10 mg/kg
(x400). (I) Notoginsenoside R1 20 mg/kg (x100). (J) Notoginsenoside R1 20 mg/kg (x400). (K) Dexamethasone 2 mg/kg (x100). (L)
Dexamethasone 2 mg/kg (x400). (1) Alveolar necrosis with inflammatory cell infiltration, () neutrophil, (1) leukomonocyte, () macrophage,
(1) red blood cells. N=6. LPS, lipopolysaccharide; ALI acute lung injury; HE, hematoxylin and eosin;

Table 3 Scoring of lung injury notoginsenoside R1 group significantly reduced the IL-1f

Group N Score content in BALF (P<0.05).

Control 6 0.00+0.00

Model 6 4.83+1.72* Discussion

Notoginsenoside R1 5 mg/kg 6 8.67+1.97 ALI is the most common in intensive care units. An

Notoginsenoside R1 10 mg/kg 6 2.330.52" epidemiological survey study included 2,322 sepsis patients

Notoginsenoside R1 20 mg/kg 6 1.17+1.47% in 44 intensive care units in my country. The results showed
(o) 1 1 -

Positive control 6 1174075 that 68.2% of sepsis patients had ALI, and the 90-day case

fatality rate reached 35.5% (11).

Data are showed as mean = sd; n=6; *, P<0.05 vs. Control; *, . .
Even patients who get better and are discharged from

P<0.05 vs. Model. : ) -
the hospital will continue to suffer from the sequelae

of critical illness for the next two years or even longer,

notoginsenoside R1 group was significantly decreased
(P<0.05). As shown in Figure 8B, the IL-1B content in
BALF of the LPS-induced ALI rats was significantly higher
than that in the normal control group (P<0.05). Compared
with model group, dexamethasone activity in the 10 mg/kg

© Annals of Translational Medicine. All rights reserved.

including exercise restriction, psychological sequelae,
reduced quality of life, and financial burden (12). The
pathological changes of sepsis ALI mainly include three
stages: early inflammatory exudation, subacute tissue
hyperplasia and late fibrosis. After effective treatment, most
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C:/D%E7%9B%98/ruanjiananzhuang/Youdao/Dict/8.9.6.0/resultui/html/index.html#/javascript:;

Page 10 of 12

Cao et al. Protective of notoginsenoside R1 on acute lung injury

A 20 . ~150] :
~ £
E g
Eﬁ 1 [T
835 1251 #
= <<
c m *
2 1 c
& 30 Z "
S 1 # £ 100 ! ]
vc_L - c [ . 1
) 5 | I I
— (8]
=25 E # o = Ly $ ——
g 1 . E ) .
3 —— | ' T — . :
20 » o
1 )
Control Model Dex Not Not Not Control Model Dex Not Not Not
5mg/kg 10mg/kg 20 mg/kg 5mg/kg 10mg/kg 20 mg/kg
Groups Groups

Figure 8 Effects of notoginsenoside R1 on IL-1p level in LPS-induced ALI rats. (A) IL-1p level in serum; (B) IL-1p level in BALF. N=6, *,
P<0.05 vs. control; ¥, P<0.05 vs. model. LPS, lipopolysaccharide; ALI, acute lung injury.

patients will experience the resolution of inflammation and
the slow absorption of edema, which is the performance of
the first two stages (13). Without early intervention, when
the septic shock stage progresses, lung tissue perfusion
gradually decreases, pulmonary capillaries contract, and
the imbalance of lung ventilation/pulmonary perfusion
increases, which often causes irreversible damage to organs
and even death. The pathogenesis of sepsis ALI is mainly
caused by vascular endothelial injury and alveolar epithelial
injury, and its treatment is mainly carried out from two
aspects: reducing vascular endothelial injury, protecting and
promoting repair of alveolar epithelium.

In the development of sepsis, lung injury often appears
first (2). The common features of sepsis-induced ALI are
lung epithelial-vascular endothelial cell injury, inflammatory
cell infiltration, and pulmonary edema (14). Saponins are
the main active ingredients of Panax notoginseng, among
which ginsenosides Rgl, Rb1, and notoginsenoside R1 are
the main active monomers (15). These active ingredients
have broad bioactivity, including in the cerebral and
cardiovascular system (16), liver (17), kidney (18), and
bone; and showed significant pharmacological intervention
activities in other system diseases (19). In recent years, the
academic community has paid increasing attention to its
immunomodulatory activity (8,20), and relevant studies
have demonstrated that it has a significant therapeutic effect
on acute lung injury (21).

Based on the pharmacological activity of notoginsenoside
R1, this paper investigated its mechanism of action on ALI
in sepsis by means of network pharmacology. The network
pharmacology results showed that notoginsenoside R1
could mainly regulate targets such as MAPK1, MAPK3,

© Annals of Translational Medicine. All rights reserved.

IL-1B, CCL2, CHUK, and BID. Notoginsenoside R1
could also regulate IL-17, TNF, human cytomegalovirus
infection, Kaposi Sarcoma-associated herpes virus infection,
and the C-type lectin receptor signaling pathway to combat
sepsis-induced ALIL

The network pharmacology results were confirmed
in sepsis-induced ALI rats that were treated with LPS.
Notoginsenoside R1 was shown to inhibit pulmonary
edema in the process of ALI by reducing the wet:dry ratio
of the lungs. By inhibiting the degeneration and necrosis
of alveolar epithelial cells, and reducing nuclear shrinkage
or lysis, notoginsenoside R1 exerted protective effects on
lung epithelial cells and epithelial-vascular cells. The anti-
inflammatory effects of notoginsenoside R1 were possibly
related to the reduced the expression of inflammatory
cytokine IL-1P in serum and in BALF, by which ALI-
related inflammation could be inhibited.

The limitation of this study is the lack of studies on
the systemic pharmacological mechanism of action of
notoginsenoside R1 in the treatment of ALL The follow-
up research process will need to focus on pivotal signal
pathways, and verify the related mechanism of action at the
molecular level of genes and proteins.

In conclusion, this study showed that notoginsenoside
R1 alleviated sepsis-related ALI by reducing secretion
of inflammatory cytokine IL-1B in vivo. The predicted
targets of notoginsenoside R1 in inhibiting ALI mainly are
inflammation related and included IL-17, TNF, human
cytomegalovirus infection, Kaposi sarcoma-associated
herpes virus infection, C-type lectin receptor signaling
pathway, Th17 cell differentiation, NOD-like receptor
signaling pathway, inflammatory bowel disease, NF-«B,
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influenza A, and others.
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