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Abstract
Notoginsenoside R1 (NG-R1), the extract and the main ingredient of Panax notoginseng, has anti-inflammatory effects and

can be used in treating acute lung injury (ALI). In this study, we explored the pulmonary protective effect and the under-

lying mechanism of the NG-R1 on rats with ALI induced by severe acute pancreatitis (SAP). MiR-128-2-5p, ERK1, Tollip,

HMGB1, TLR4, IκB, and NF-κB mRNA expression levels were measured using real-time qPCR, and TLR4, Tollip,

HMGB1, IRAK1, MyD88, ERK1, NF-κB65, and P-IκB-α protein expression levels using Western blot. The NF-κB and

the TLR4 activities were determined using immunohistochemistry, and TNF-α, IL-6, IL-1β, and ICAM-1 levels in the

bronchoalveolar lavage fluid (BALF) using ELISA. Lung histopathological changes were observed in each group. NG-R1

treatment reduced miR-128-2-5p expression in the lung tissue, increased Tollip expression, inhibited HMGB1, TLR4,

TRAF6, IRAK1, MyD88, NF-κB65, and p-IκB-α expression levels, suppressed NF-κB65 and the TLR4 expression levels,

reduced MPO activity, reduced TNF-α, IL-1β, IL-6, and ICAM-1 levels in BALF, and alleviated SAP-induced ALI. NG-R1

can attenuate SAP-induced ALI. The mechanism of action may be due to a decreased expression of miR-128-2-5p,

increased activity of the Tollip signaling pathway, decreased activity of HMGB1/TLR4 and ERK1 signaling pathways, and

decreased inflammatory response to SAP-induced ALI. Tollip was the regulatory target of miR-128-2-5p.
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Introduction
In acute pancreatitis, especially severe acute pancreatitis
(SAP), the pancreatic cell injury is caused by abnormally
activated pancreatic enzymes, activated monocyte macro-
phages, and a triggered cascade effect of pro-inflammatory
cytokine synthesis and release.1 The systemic inflammatory
response syndrome occurs due to the aggravation of the pan-
creatic injury, resulting in injury, insufficiency, and even
failure of the distal viscera. Acute lung injury (ALI) is one
of the most common and severe complications of SAP.2

The acute pancreatitis-associated lung injury is the leading
cause of early high mortality in SAP. Among SAP-related
systemic complications, lung complications are the most
severe and common. Hypoxemia and acute respiratory dis-
tress syndrome (ARDS) are experienced by 30%–50% of
patients with SAP.1,3,4 Pulmonary lesions and functional
changes often occur earlier in SAP than in organs (such as
the heart, liver, and kidney) and are closely associated with
early mortality in SAP. Thus, mortality reaches 60% in

patients with SAP and pulmonary complications, such as
ALI and ARDS. Mortality reaches more than 65% in patients
with SAP due to ARDS, and specific treatments for patients
with SAP and ALI are not available.5

Panax notoginseng, one of the most valuable traditional
Chinese medicine (TCM), is obtained from the roots and the
rhizomes of P. notoginseng (Burkill) F.H. Chen. P.
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notoginseng saponins (PNS) are highly purified isolates
extracted from P. notoginseng plants.6 These saponins
possess pharmacological effects, such as dilation of blood
vessels, improvement of microcirculation, anti-inflammation,
protection of tissue antioxidation, inhibition of lipid peroxi-
dation, reduction of Ca2+ influx, and influence on free-radical
production.7 PNS protect against damage from myocardial
ischemia/reperfusion by inhibiting the activation of NF-κB
and decreasing the expression of the intercellular adhesion
molecule-1 (ICAM-1) in neutrophils.8,9 Yan et al.10 have
found that the neuroprotective effect of PNS may be based
on the direct inhibition of the macrophage TLR pathway.
PNS consist of five saponin monomers, namely, R1, Rb1,
Rg1, Re, and Rd. The notoginsenoside R1 (NG-R1), the
main active ingredient of PNS, inhibits the activation of
NF-κB and decreases the production of inflammatory media-
tors, such as TNF-α, IL-1β, and ICAM-1,11 however the spe-
cific mechanism remains unclear.

The Toll-acting protein (Tollip), a linker protein, is first
discovered by Burns et al.12 Tollip, which is composed of
274 amino acids, is a small protein containing three
regions, namely, C2, C-end CUE, and N-end Tom1-
binding domain (TBD) areas. The main function of the
C2 domain contained in the central region is to transport
the Tollip to specific nuclear endosomes. CUE at the
C-terminus plays an important role in the interaction of ubi-
quitinated proteins, whereas the N-terminus contains a
TBD, which participates in the interaction of Tom1, a
protein that can bind to ubiquitin.13 Tollip participates in
the immune response of the signaling pathway of TLRs.14

TLRs are expressed in macrophages and other white
blood cells, and represent PRR molecules. TLRs recognize
inflammatory factors, activate intracellular signaling path-
ways, stimulate pathogen-associated and injury-related
molecular patterns,15 and activate two classic transduction
pathways, including the MyD88-dependent conduction
pathways. The MyD88-dependent conduction pathways
eventually activate the NF-κB conduction pathway,16

further regulating the inflammatory response induced by
various causes. Tollip can reduce the transcriptional activity
of NF-κB by down-regulating the related MyD88-depend-
ent TLR signaling pathway, thereby inhibiting the activa-
tion of inflammatory cells and reducing the inflammatory
response.14 Therefore, Tollip plays an important role in
the negative regulation of the inflammatory response.

MicroRNA (miR), a noncoding RNA that has a length of
20–22 bp, is involved in the regulation of multiple cellular
processes, such as cell proliferation, differentiation, aging,
apoptosis, metabolism, inflammation and immune response,
organogenesis, and tumor formation.17 miRs are complemen-
tary to the 3′-end noncoding region of their target mRNAs.
As such, any target mRNA molecule is inhibited at the trans-
lation level or degraded.18 Conversely, miRs can function as
an unconventional mediator for transcriptional gene activa-
tion through chromatin remodeling at enhancer regions and

activate gene expression.18 miRs regulate inflammation.
For instance, the high expression levels of miR-146a,
miR-155, and miR-181b evidently inhibit LPS-induced
TNF-α, IL-6, and IL-1β released from the lung tissue of
rats, thereby inhibiting lung inflammation.19 miR-124 med-
iates the inflammatory pathogenesis of Parkinson’s
disease.20 miR-548a-3p regulates the inflammatory response
of rheumatoid arthritis (RA) by regulating the activity of the
TLR4/NF-κB signaling pathway.21 miR-10a-5p regulates
joint inflammation in synoviocytes,22 however the specific
mechanism remains unclear and needs further study.

miR-128, which is abnormally expressed in various
tumors, is widely involved in various processes of tumor
biology.23 A decrease in the miR-128 expression reduces
the NF-κB activity and the inflammatory damage to nerve
cells by targeting the PPAR-γ modulation.24 miR-128-
2-5p expression in patients with RA is remarkably higher
than that in the control,25 which suggests that the
miR-128-2-5p is involved in RA-induced inflammation.

However, whether miR-128-2-5p mediates the regula-
tory mechanism of ALI remains unclear. Previous research
found that Tollip can negatively regulate the activities of
HMGB1/TLR4 and ERK/NF-κB pro-inflammatory path-
ways and reduce the inflammatory response,26 and that
miR-128-2-5p can regulate inflammation through pro-
inflammatory pathways, such as NF-κB in sepsis-induced
lung tissue.27 In this study, we predicted that miR-
128-2-5p is a possible target of Tollip for regulation
through the TargetScan. Therefore, we hypothesized that
miR-128-2-5p is involved in the development of ALI
induced by SAP. We further determined whether NG-R1
can regulate Tollip through the miR-128-2-5p, inhibit the
HMGB1/TLR4 and the ERK/NF-κB pro-inflammatory path-
ways, reduce lung inflammation, and alleviate ALI induced
by SAP. Results provided a new rationale for the use of
the NG-R1 in the treatment of inflammation-related ALI.
For these studies, we selected the known model of pancrea-
titis based on inflammatory lung injury induced by hypersti-
mulation that most closely resembled clinical ALI associated
with severe pancreatitis.

Material and methods

Preparation of NG-R1
NG-R1 (C47H80O18, molecular mass= 933.16, 99.0%
purity) was purchased from Jiangsu Yongjian
Pharmaceutical Technology Co., Ltd (Jiangsu, China). It
was dissolved in sterile water to obtain 1 mM stock solu-
tion, which was stored at 20°C.

Cell culture
RAW264.7 macrophages (Heilongjiang Cancer Institute,
Harbin, China) were grown in DMEM supplemented with
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5% FBS, 100 U/ml penicillin, 100 U/ml streptomycin, and
50 µg/l amphotericin B. RAW264.7 macrophages’ culture
conditions were maintained at 37°C in a humidified atmos-
phere of air and 5% CO2, and cells were subcultured into
6-well plates and maintained until subconfluence was
achieved. NG-R1 was prepared at different concentrations
(10, 20, 30, 40, and 50 μM) in accordance with a previous
report.11 RAW264.7 macrophages were pre-incubated with
NG-R1 for 24 h and stimulated using LPS (1 g/l).

Mir mimics, inhibitor, and gene transfection
RAW264.7 macrophages were cultured in 6-well plates
until 40% confluence was achieved. miR-128-2-5p
mimics, miR-128-2-5p mimic–negative control (NC),
miR-128-2-5p inhibitor, and miR-128-2-5p inhibitor–NC
were mixed with Lipofectamine 2000 (Invitrogen), and
the mixture was added to the cell culture medium in accord-
ance with the manufacturer’s instructions. The cultures
were transfected for 24 h, and the total RNA and protein
were extracted from the cells and subjected to real-time
PCR (RT-PCR) and Western blot, respectively. The
miR-128-2-5p mimics, inhibitor, and NC oligonucleotides
were purchased from Sangon Biological Engineering Co.,
Ltd (Shanghai, China). The transfection efficiency was
determined using qRT-PCR.

Detection of the cell viability by using the CCK-8
assay
RAW264.7 macrophages transfected with recombinant
plasmids or treated with NG-R1 for 24 h in accordance
with the experimental requirements were seeded into
96-well plates at a density of 5× 103 cells/well, added
with 20 µl CKK-8 solution (5 g/l), and cultured at 37°C
for 1 h. Then, the culture was terminated. The blank hole
was set to zero. The OD value of each hole was detected
at 450 nm after 3 min of oscillation on the microplate
reader. The cell activity was recorded and calculated.

MiR-128-2-5p target gene prediction and dual
luciferase reporter assay
The target gene of miR-128-2-5p was predicted using the
PicTar (www.pictar.org), TargetScan (http://www.
targetscan.org), and a database (www.mirbase.org). In
24-well plates, 1× 105 RAW264.7 macrophages were cul-
tured for 24 h. RAW264.7 macrophages were transfected
with the wild type (WT) Tollip 3′-UTR, or the mutant
Tollip 3′-UTR was cloned into the p-miR-reporter
plasmid (Thermo Fisher Scientific, Inc.) together with
miR-128-2-5p mimics, inhibitor, or NC by using
Lipofectamine RNAi Max (Thermo Fisher Scientific,
Inc.). The cells were cultured at 37°C for 48 h, and the

luciferase activities were measured using a dual-luciferase
reporter kit (Promega Corporation, USA).

Experimental animals
Eighty adult male Sprague Dawley rats weighing 251±
23 g were purchased from the Kunming Medical
University Laboratory Animal Center (Kunming, China).
All rats were housed in the Kunming Medical University
Animal Care Facility and maintained in pathogen-free con-
ditions. The rats were 8–9 wk of age at the initiation of the
experiment and maintained on a standard laboratory food
intake. Water was provided ad libitum. The environment
was maintained at a relative humidity of 30%–70%, tem-
perature of 23°C± 2°C, and a 12 h/12 h light/dark cycle.
All experiments were approved and performed in accord-
ance with the guidelines of the Animal Care Committee
of Kunming Medical University. All experiments were
approved by the Ethics Committee of Dali University
(Dali, China; Approval number: TCM-2017-041-E17) and
performed in accordance with The Guidelines of the
Animal Care Committee of Dali University.

Taurocholate-induced SAP
The SAPmodels were prepared in accordance with the method
described by Aho et al.28 Before surgery, the rats were fasted
for 12 h and drank freely, anesthetized using the intraperitoneal
injection of 1% sodium pentobarbital (50 mg/kg; Shanghai
Jixing Biotechnology Co., Ltd Shanghai, China), routinely dis-
infected, draped, incised into the abdomen along the white line
of the abdomen, and retrogradely injected with 5% sodium
taurocholate (35 mg/kg) through the pancreaticobiliary duct
for about 10 min. The pancreatic tissue pathological examin-
ation showed swelling, spotting hemorrhage, and necrosis,
which confirmed that the model was successfully prepared.
The animals in the sham operation (SO) group retrogradely
injected with an equal amount of normal saline through the
pancreaticobiliary duct. The SO animals were subjected to
the same surgical procedures.

MiR-128-2-5p knockdown by using locked nucleic
acid (LNA)-modified anti-miR-128-2-5p
As described previously,29 LNA-modified scrambled or
anti-miR-128-2-5p oligonucleotides (Exiqon, Woburn,
MA, USA) were diluted in 5 mg/ml saline and administered
intraperitoneally at 10 mg/kg for at least 30 min to construct
the miR-128-2-5p-knockdown rats. The taurocholate-
induced pancreatitis model (model group, n= 10) and the
SO groups (n= 10) were established, and the miR-128-2-
5p-knockdown rats were used to establish the miR-128-2-
5p model (n= 10) and the miR-128-2-5p SO (n= 10) rats.
The rats were subjected to taurocholate-induced SAP for

He et al . 21

www.pictar.org
http://www.targetscan.org
http://www.targetscan.org
http://www.targetscan.org
www.mirbase.org


24 h, anesthetized using intravenous pentobarbital sodium
(50 mg/kg), and sacrificed via cervical dislocation. Their
lung tissues were obtained and subjected to real-time PCR,
Western blot, and hematoxylin and eosin (H&E) staining
to observe the pathological changes in the lung tissues.

Animal groups and drug administration
The rats were randomly assigned into four groups (n= 10
for each group), namely, SO, SO treatment, SAP, and SAP
treatment groups. Subsequently, as previously described,30,31

the SO treatment and the SAP treatment groups were intra-
peritoneally injected with 20 mg/kg NG-R1 injection 2 h
before pancreatitis was induced by taurocholate. The injec-
tion was administered once every 12 h. The SO and the
model groups were given the same volume of saline by intra-
peritoneal injection, Then, 48 h after duct infusion or SO, the
animals were sacrificed through cervical dislocation and
anesthetized with 1% pentobarbital sodium (50 mg/kg
body mass; Wuhan Dinghui Chemical Co., Ltd, Wuhan,
China). Samples were extracted for investigation. Blood
(5 ml) was collected through the cardiac puncture by using
heparinized syringes, centrifuged at 4000 g for 10 min, and
stored at 4°C for further analysis. The lungs were carefully
isolated and weighed for subsequent experiments. The
tissues for histological examination were isolated, fixed in
10% formalin, and embedded in paraffin for sectioning.
The right upper lobes were utilized to quantify the magnitude
of the pulmonary edema, whereas the right lower lobes were
used for the histological evaluation.

Collection of the bronchoalveolar lavage fluid (BALF)
and tissue samples
After the rats were euthanized, their trachea was isolated,
and the right bronchial tube was ligated. The BALF was
obtained by placing a 20-gauge catheter into the trachea,
through which 3 ml cold PBS was flushed back and forth
three times. The BALF was centrifuged at 3000 g for
20 min at 4°C. The protein concentration of the cell-free
BALF from all groups was measured using the Bio-Rad
protein assay kit and used as an indicator of endothelial and
epithelial permeability. The right middle lung lobes were
stored in liquid nitrogen at− 80°C until subsequent analysis.

qRT-PCR
Prior to RNA extraction, the lung samples were homoge-
nized in the TRIzol reagent (Invitrogen) by using the
Mixer 301. The total RNA was extracted in accordance
with the manufacturer’s instructions. The RNA samples
were electrophoresed in agarose gels and visualized using
ethidium bromide for quality control. RNA (3 µg) was
reverse transcribed with reverse transcriptase for 1 h at

37°C for the cDNA synthesis. The quantitative changes in
the mRNA expression were assessed using qRT-PCR
(Bio-Rad CFX) and the SYBR-Green detection, which con-
sisted of SYBR-Green PCR Master Mix (Aria, Tous, Iran).
The PCR Master Mix comprised 0.5 units Taq polymerase,
2 µl of each primer, and 3 µl of each cDNA sample at a final
volume of 20 µl. Amplifications were repeated thrice.
Oligonucleotide primer sequences or specific reverse tran-
scription primers (miR-128-2-5p) are provided in Table 1.
β-Actin was used as an endogenous control. Each sample
was normalized based on its β-actin content, and the U6
served as an internal normalization standard of
miR-128-2-5p. The relative quantification was performed
using the 2−ΔΔCT method.32,33 Following preincubation at
95°C for 10 min, PCR was performed as follows: 35
cycles of denaturation at 95°C for 15 s, annealing at 60°C
for 5 s, and elongation at 72°C for 12 s. The experiment
was independently repeated thrice.

Western blot
The lung tissues were homogenized in the lysis buffer con-
taining protease inhibitors, and the protein concentrations
were determined using the Bradford reagent (Bio-Rad
Laboratories Inc., Hercules, CA, USA). Samples were sub-
jected to SDS–PAGE. After electrophoresis at 120 V for
90 min, the separated proteins were transferred onto polyvi-
nylidene difluoride membranes (GE Healthcare, Little
Chalfont, Buckinghamshire, United Kingdom) through
the wet transfer method (250 mA, 90 min). Nonspecific
sites were blocked using 5% nonfat dry milk in TBS with
Tween 20 (25 mM Tris, pH 7.5, 150 mM NaCl, and 0.1%
Tween 20) for 1 h. The blots were incubated overnight at
4°C with the following: anti-HMGB1 and -Tollip Abs
(Cell Signaling Technology Inc.); anti-TLR4, -MyD88,
-p-IL-1 receptor-related kinases (IRAK1), and -IRAK1
Abs (Cell Signaling Technology Inc.); anti-NF-κB65 and
-p-IκB-α Abs (Cell Signaling Technology Inc.); and
anti-ERK1 and -p-ERK1 Abs (Cell Signaling Technology
Inc.). Anti-rabbit or anti-mouse HRP-conjugated IgG Abs
were used to detect the binding of the Abs. The membranes
were stripped and reblotted using an anti-actin Ab (Sigma-
Aldrich) to normalize the protein loading on each lane. The
binding of specific Abs was visualized by exposing the mem-
branes to photographic film after treatment with enhanced
chemiluminescence system reagents (GE Healthcare).
Quantitative analysis was performed using the Image
J. The experiment was independently repeated three times.

Determination of NF-κB65 and TLR4 activation
by using immunohistochemistry
Immunostaining was performed on the lung sections after
Ag retrieval by using the Retrievagen A (Zymed, South
San Francisco, CA) at 100°C for 20 min, and endogenous
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peroxidases were quenched with 3% H2O2. Sections were
blocked with 2% BSA in PBS and stained using primary
anti-NF-κB65 and TLR4 (Bioworld Technology, Inc.,
St. Louis Park, MN, USA) at room temperature for 1 h.
then sections were washed and applied with the secondary
Ab (R&D Systems Minneapolis, MN, USA). The tissues
were developed using the Vectastain ABC (Vector Labs,
Burlingame, CA) and 3,3′-diaminobenzidine (Vector
Labs). NF-κB65- and TLR4-positive expression in the
lung tissue was determined and expressed as positive
units by using the Image-Pro Plus image analysis software
(Media Cy Bemetics American Company).

Determination of the BALF and RAW264.7
macrophage cytokines by ELISA
The Nalgene Nunc MaxiSorp plates were coated with a
primary Ab against either IL-6, TNF-α, IL-1β, and
ICAM-1 in the serum or in BALF (R&D systems) for 1 h
at room temperature and then washed with PBS and 0.5%
Tween 20. The samples were blocked using casein,
seeded into plates for 1 h at room temperature, washed,
and applied with biotinylated secondary Ab for 1 h and
streptavidin–HRP conjugate (Jackson ImmunoResearch,
West Grove, PA) diluted at 1:20,000. The reaction was
developed with 0.01% tetramethylbenzidine dissolved in
dimethyl sulfoxide and 0.5% H2O2, and the absorbance
was measured using the endpoint spectrometry.

Determination of the myeloperoxidase (MPO) activity
Lung tissues were transected into small pieces and homoge-
nized on ice by using normal saline. As described

previously34 the MPO activity was determined using the
MPO kit produced by Jiancheng Bioengineering Institute
(Nanjing, China) in accordance with the manufacturer’s
instructions.

Determination of the albumin concentration in the
BALF
The albumin content in the BALF supernatants was
assessed using ELISA for albumin (E91028Mu, USCN
Life Science, Wuhan, China). The absorbance was mea-
sured at 450 nm/540 nm by using a microplate reader
(Infinite 200, Tecan Group, Switzerland).

Detection of pulmonary edema
The total lung water (TLW) content was measured as pre-
viously described to quantify pulmonary edema.35 The
left lung was isolated for the TLW content determination.
The lung was weighed using an automatic electric balance
(Sartorius, Göttingen, Germany), oven dried at 80°C for
48 h, and re-weighed to obtain its dry mass. The TLW
content was calculated as follows: TLW content= (wet
lung mass− dry lung mass)/dry lung mass.

Lung histopathology
The middle lobe of the right lung was fixed by infusing 10%
formaldehyde solution at the same pressure, and the infla-
tion of the lung was kept uniform. Then, the lung tissue
was embedded in paraffin wax, transected, and stained
with H&E. The pathological tissue changes were observed
using optical microscopy. The lung injury based on the

Table 1. Primer sequences for genes.

Gene Primer Product length (bp)

miR-128-2-5p F-5′- TCCGATCACAGTGAACCGGT 3′ 143 bp

R-5′- GTGCAGGGTCCGAGGT-3′

U6 F-5′ CTCGCTTCGGCAGCACA-3′ 158 bp

R-5′- AACGCTTCACGAATTTGCGT-3′

HMGB1 mRNA F-5′ - TGGTACATATCGGGCTAGAAG -3′

R-5′- CCA TACTGTACCAGGCAAGGT-3′
218 bp

TLR4 mRNA F-5′- CCAAGAACCTAGATCTGAGCTTCAATC-3′

R-5′-TCCTGGCTGGACTTAAGCTGTAG-3′
205 bp

Tollip mRNA F-5′- GGACAACGGTCAGCGACGCA-3′

R-5′-CATAGCCCAGACGCAGGCGG-3′
248 bp

NF-κB 65mRNA F-5′-GGATGGCTACTATGAGGCTGAC-3′

R-5′-CTAATGGCTTGCTCCAGGTCTC -3′
171 bp

IkB mRNA F-5′-GCCTGGACTCCATGAAAGAC-3′

R-5′-CAAGTGGAGTGGAGTCTGCTGCAGCTTGTT-3′
277 bp

ERK1 mRNA F-5′- AACCTGCTCATCAACACCAC-3′

R-5′- CGTAGCCACATACTCCGTCA -3′
174 bp

β-Actin F-5′- AGCGGTTCCGATGCCCT-3′

R-5′-AGAGGTCTTTACGGATGTCAACG-3′
190 bp
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infiltration of inflammatory cells, pulmonary interstitial and
alveolar edema, damage to alveolar structure, and degree of
fibrosis was assessed using the grading system reported by
Szapiel et al.36 As described previously,37 ALI was scored
as follows: (i) alveolar congestion, (ii) hemorrhage, (iii)
infiltration or aggregation of neutrophils in airspace or
vessel wall, and (iv) thickness of alveolar wall/hyaline
membrane formation. Each item was scored on a five-point
scale as follows: 0, minimal damage; 1, mild damage; 2,
moderate damage; 3, severe damage; and 4, maximal
damage. Repeatedly measured data were statistically ana-
lyzed using analysis of variance (ANOVA).

Statistical analysis
The SPSS 11.0 software was used for the statistical analysis
of the results. Data were expressed as mean±SD unless
indicated otherwise. Data were analyzed using ANOVA
and the Newman–Keuls comparison. For two-group com-
parisons, the unpaired Student’s t-test was used
(GraphPad Software, San Diego, CA). P< 0.05 was consid-
ered statistically significant.

Results

Transfection efficiency of the mimics or the inhibitor
MiR-128-2-5p mimics, miR-128-2-5p mimic–NC,
miR-128-2-5p inhibitor, and miR-128-2-5p inhibitor–NC
were mixed with Lipofectamine RNAi Max (Thermo
Fisher Scientific, Inc.) and subsequently added to the
RAW264.7 macrophage cultures to observe the transfection
efficiency of the mimics, control, or inhibitor. Cultures were
transfected for 24 h, and the miR-128-2-5p level was mea-
sured using qRT-PCR. The miR-128-2-5p levels in the
mimics (1.06± 0.25) increased compared with those in
the mimic–NC (0.39± 0.16), as shown in Figure 1.
Moreover, the miR-128-2-5p levels in the inhibitor (0.41
± 0.19) considerably decreased compared with those in
the inhibitor–NC (0.17± 0.08). The mimics or inhibitor
was successfully transfected.

Significant attenuation of the Tollip signaling pathway
in RAW264.7 macrophages by miR-128-2-5p
The Tollip signaling pathway is one of the major pathways
of ALI and inflammatory reaction. miR-128-2-5p mimics,
miR-128-2-5p mimic–NC, miR-128-2-5p inhibitor, and
miR-128-2-5p inhibitor–NC were mixed with
Lipofectamine 2000 (Invitrogen) and added to the cell
culture to investigate the effect of miR-128-2-5p on the
Tollip signaling pathway in the RAW264.7 macrophages.
The cultures were transfected for 24 h, and the expression
levels of NF-κB65, p-IκB-α, TLR4, and Tollip were mea-
sured using Western blot. As shown in Figure 1, the

miR-128-2-5p expression in the miR-128-2-5p inhibitor
was down-regulated and further decreased NF-κB65,
p-IκB-α, and TLR4 expression levels (Figures 2(A)–
2(C)). Conversely, miR-128-2-5p expression in the
miR-128-2-5p mimics was up-regulated; decreased the
Tollip protein expression; and evidently increased
NF-κB65, p-IκB-α, and TLR4 expression levels (Figures
2(A)–2(C)). Therefore, miR-128-2-5p may regulate the
Tollip anti-inflammatory signaling pathways.

Significant increase in cellular inflammation and cell
viability of RAW264.7 macrophages by
miR-128-2-5p
MiR-128-2-5p mimics, miR-128-2-5p mimic–NC,
miR-128-2-5p inhibitor, and miR-128-2-5p inhibitor–NC
were mixed with Lipofectamine 2000 (Invitrogen) and
then added to the cell culture to observe the effect of
miR-128-2-5p on the cellular inflammation and the cell via-
bility of the RAW264.7 macrophages. The cultures were
transfected for 24 h, and IL-6 and TNF-α levels were mea-
sured using ELISA. The cell viability was measured using
the CCK-8 assay. As shown in Figure 2, miR-128-2-5p
expression in the miR-128-2-5p mimics significantly
increased the production of IL-6 and TNF-α in
RAW264.7 macrophages (Figures 2(D) and 2(E)) and
increased the cell viability (Figure 2(F)). Conversely,
miR-128-2-5p expression in the miR-128-2-5p inhibitor
significantly decreased the production of IL-6 and TNF-α
in RAW264.7 macrophages (Figures 2(D) and 2(E)) and
decreased their cell viability (Figure 2(F)). Therefore,
miR-128-2-5p expression can promote the intracellular
inflammation and the cell viability.

Effect of NG-R1 treatment on miR-128-2-5p and
Tollip signaling pathway in RAW264.7 macrophages
RAW264.7 macrophages were incubated with LPS (1 mg/
L) and various concentrations of NG-R1 (10, 20, 30, 40,
and 50 μM) for 24 h. The effects of NG-R1 on
LPS-induced miR-128-2-5p and the Tollip signaling
pathway in RAW264.7 macrophages were analyzed. The
expression of miR-128-2-5p was measured using
qRT-PCR, and the expression levels of Tollip, NF-κB65,
p-IκB-α, and TLR4 were measured using Western blot.
As shown in Figure 3, LPS evidently increased the
miR-128-2-5p expression, decreased the Tollip expression,
and increased NF-κB65, p-IκB-α, and TLR4 expression
levels in RAW264.7 macrophages. However, the NG-R1
treatment evidently decreased miR-128-2-5p expression,
increased Tollip expression, and decreased NF-κB65,
p-IκB-α, and TLR4 expression levels in these cells in a
concentration-dependent manner.
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Effect of NG-R1 treatment on cellular inflammation
and cell viability of LPS-induced RAW264.7
macrophages
RAW264.7 macrophages were incubated with LPS (1 mg/l)
and various concentrations of NG-R1 (10, 20, 30, 40, and
50 μM) for 24 h, and the effects of the NG-R1 on cellular
inflammation and cell viability were analyzed. The IL-6
and the TNF-α levels were measured using ELISA, and
the cell viability was determined using the CCK-8 assay.
As shown in Figure 4, the LPS evidently increased the
secretion of IL-6 and TNF-α and cell viability in the
RAW264.7 macrophages. However, NG-R1 treatment evi-
dently decreased the secretion of IL-6 and TNF-α and the
cell viability in a concentration-dependent manner.

Amelioration of SAP-induced ALI by miR-128-2-5p
knockdown
A miR-128-2-5p knockdown construct was introduced to
rats by intravenous tail administration of anti-miR-128-
2-5p oligonucleotides to analyze the effect of miR-128-2-
5p knockdown on SAP-induced ALI through the intraperito-
neal taurocholate challenge. H&E staining was performed.
As shown in Figure 3, the histopathological examination of
the lungs of taurocholate-treated miR-128-2-5p-knockdown
rats revealed a markedly decreased inflammatory cell infiltra-
tion and lung injury score compared with the WT animals
(Figures 5(A) and 5(B)).

Enhancement of Tollip expression and attenuation of
lung inflammation in acute pancreatitis-induced
acute lung tissue by miR-128-2-5p knockdown
The miR-128-2-5p knockdown model was constructed
through the intravenous tail administration of

anti-miR-128-2-5p oligonucleotides and treatment with intra-
peritoneal taurocholate challenge. The effect of the
miR-128-2-5p on the Tollip expression in acute
pancreatitis-induced acute lung tissue was observed. The
miR-128-2-5p expression was measured using qRT-PCR.
The NF-κB, HMGB1, TLR4, and Tollip protein expression
levels in acute pancreatitis-induced lung tissue were measured
using Western blot. As shown in Figure 6, the miR-128-2-5p
knockdown significantly reduced the miR-128-2-5p expres-
sion; increased the Tollip expression; reduced the NF-κB65,
p-IκB-α, HMGB1 and TLR4 expression levels in the lung
tissue; and decreased the lung IL-6 and TNF-α levels.

Tollip as a direct target of miR-128-2-5p
The mediation of miR-128-2-5p on the ALI inflammatory
response was investigated. According to well-known data-
bases for miRNA target prediction, Tollip, an important
pro-inflammatory regulator of acute pancreatitis, is one of
the candidate targets of the miR-128-2-5p. In the current
study, the mRNA and the protein levels of Tollip dramatic-
ally decreased after miR-128-2-5p overexpression (Figures
7(A)–7(D)). The WT and the mutant Tollip were con-
structed for the dual luciferase reporter assay to confirm
the interaction between Tollip and miR-128-2-5p (Figures
7(E) and 7(F)). As hypothesized, the miR-128-2-5p
bound to WT Tollip 3′-UTR but not to mutant Tollip
3′-UTR (Figures 7(E) and 7(F)).

Effect of NG-R1 treatment on the expression of
miR-128-2-5p in acute pancreatitis-induced rat lung
tissues
MiR-128-2-5p expression was determined using qRT-PCR
to investigate the effect of NG-R1 treatment on the

Figure 1. Transfection efficiency of the mimics or inhibitor. MiR-128-2-5p mimics, miR-128-2-5p mimic–NC, miR-128-2-5p inhibitor,

and miR-128-2-5p inhibitor–NC were mixed with Lipofectamine 2000 (Invitrogen) and added to the A549 cell culture. The cultures

were transfected for 24 h, and the miR-128-2-5p level was measured using qRT-PCR. The data obtained from quantitative densitometry

are presented as mean± SD of three independent experiments. The data from three independent experiments are presented as mean

± SD. *P< 0.05 vs control mimic. #P< 0.05 vs control inhibitor.
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expression of miR-128-2-5p in acute pancreatitis-
induced rat lung tissues. As shown in Figure 8, NG-R1
treatment decreased the expression of the miR-128-2-5p
in acute pancreatitis-induced rat lung tissues (Figures
8(A) and 8(B)).

Effect of NG-R1 treatment on expression levels of
ERK1, Tollip, HMGB1, TLR4, IκB, and NF-κB genes
in rat tissues with acute pancreatitis-induced ALI
qRT-PCR was used to measure the expression levels of
ERK1, Tollip, HMGB1, TLR4, IκR, and NF-κB genes in

Figure 2. Effect of miR-128-2-5p on the tollip signaling pathway in RAW264.7 macrophages. MiR-128-2-5p mimics, miR-128-2-5p

mimic–NC, miR-128-2-5p inhibitor, and miR-128-2-5p inhibitor–NC were mixed with Lipofectamine 2000 (Invitrogen) and added

to the cell culture. The cultures were transfected for 24 h. (A–C) Expression levels of NF-κB65, p-IκB-α, TLR4, and Tollip were

measured using Western blot. (D–E) IL-6 and TNF-α expression levels in RAW264.7 macrophages were measured using ELISA. (F)

The growth inhibition rate was measured using the MTT assay. The data obtained from quantitative densitometry are presented as

mean± SD of three independent experiments. *P< 0.05 vs control mimic. #P< 0.05 vs control inhibitor.

Figure 3. Effect of NG-R1 on miR-128-2-5p and the tollip signaling pathway in RAW264.7 macrophages. RAW264.7 macrophages

were incubated with LPS (1 mg/l) and various concentrations of NG-R1 (10, 20, 30, 40, and 50 μM) for 24 h to analyze the effects

of NG-R1 on LPS-induced miR-128-2-5p and the Tollip signaling pathway in RAW264.7 macrophages. The miR-128-2-5p expression

was measured using qRT-PCR. The expression levels of Tollip, NF-κB65, p-IκB-α, and TLR4 were measured using Western blot.

The data obtained from quantitative densitometry are presented as mean± SD of three independent experiments. **P< 0.01, *P<
0.05 vs blank control group. #P< 0.05 vs LPS group.
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pancreatitis-induced lung tissues. The Tollip, HMGB1,
TLR4, ERK1, and NF-κB expression levels markedly
increased, and the IκB expression was significantly down-
regulated after acute pancreatitis-induced ALI (Figures
8(A) and 8(C)). After the application of NG-R1 therapy,
the IκB expression was markedly enhanced, whereas the
Tollip, HMGB1, TLR4, ERK1, and NF-κB expression
levels were significantly reduced (Figures 8(A) and 8(C)).
Therefore, NG-R1 treatment could suppress the Tollip,
HMGB1, TLR4, ERK1, and NF-κB gene expression and
up-regulate the IκB gene expression (Figures 8(A) and 8(C)).

Effect of NG-R1 treatment on protein expression
levels of Tollip, TLR4, MyD88, p-IRAK1, p-ERK1, IκB,
NF-κB65 and p-ERK1 in rat lung tissues with
taurocholate-induced acute pancreatitis
The protein expression levels of Tollip, TLR4, MyD88,
p-IRAK1, p-ERK1, IκB, NF-κB65 and p-ERK1 were mea-
sured usingWestern blot to observe the effect of NG-R1 treat-
ment on the expression levels of the respective proteins in the
lung tissues mediated by the taurocholate-induced acute pan-
creatitis. The expression levels of TLR4, MyD88, p-IRAK1,
p-ERK1, IκB, NF-κB65, p-ERK1 proteins significantly
increased, whereas the expression level of Tollip protein sig-
nificantly decreased in rat lung tissues in vivo during
taurocholate-induced acute pancreatitis (P<0.05, Figures
8(D)–8(H)). The expression levels of TLR4, MyD88,
p-IRAK1, p-ERK1, IκB, NF-κB65, p-ERK1 protein signifi-
cantly decreased and the expression level of Tollip protein
significantly increased in rat lung tissues mediated by the
taurocholate-induced acute pancreatitis in response to
NG-R1 administration (P<0.05, Figures 8(D)–8(H)).

Attenuation of MPO activity in the rat lungs and
pancreas with taurocholate-induced acute
pancreatitis after NG-R1 treatment
The MPO activity in the rat lungs and pancreas treated with
taurocholate with or without NG-R1 was investigated to

investigate the potential mechanism underlying the protec-
tive effect of the NG-R1 on the acute pancreatitis-induced
lung and pancreatic injuries. As shown in Figure 9, tauro-
cholate significantly increased the MPO activity in lungs
and pancreas at 48 h. These increments were reduced in
the treatment group (Figure 9(A)).

Attenuation of the lung inflammation in rats with
taurocholate-induced acute pancreatitis by NG-R1
treatment
The BALF was collected at 48 h to evaluate the levels of
TNF-α, IL-6, IL-1β and ICAM-1. As shown in Figure 9,
acute pancreatitis caused a significant acute systemic inflam-
matory response, as demonstrated by the increased serum con-
centrations of the pro-inflammatory mediators TNF-α, IL-6,
IL-1β and ICAM-1 proteins (Figures 6(B)–6(E)). The pre-
sence of the NG-R1 reduced the increase in these
pro-inflammatory cytokines at 24 h (Figures 6(B)–6(E)).

Effect of NG-R1 treatment on the activation of
NF-κB65 and TLR4 taurocholate- and acute
pancreatitis-induced lung tissues
As shown in Figure 10, the lung activation of NF-κB65 and
TLR4 in the SO group significantly decreased at 48 h
(Figures 10(A)–10(D)). However, NF-κB65 and TLR4
expression levels were markedly increased in the model
and the treatment groups (Figures 10(A)–10(D)). At 48 h
after the NG-R1 administration, the activation of
NF-κB65 and TLR4 was markedly decreased in the treat-
ment group (Figures 10(A)–10(D)).

Reduction of the lung wet/dry mass ratio and the BALF
protein concentration in rats with taurocholate-induced
acute pancreatitis after NG-R1 treatment
The lung wet/dry mass ratio was significantly increased at
48 h in taurocholate- and acute pancreatitis-induced lung

Figure 4. Effect of NG-R1 on cellular inflammation and cell viability of LPS-induced RAW264.7 macrophages. RAW264.7

macrophages were incubated with LPS (1 mg/l) and various concentrations of NG-R1 (10, 20, 30, 40, and 50 μM) for 24 h to

analyze the effect of NG-R1 on cellular inflammation and cell viability of LPS-induced RAW264.7 macrophages. IL-6 and TNF-α
levels were measured using ELISA. The cell viability was measured using the CCK-8 assay. Data are expressed as mean± SD of

three replicates. **P< 0.01 vs the blank control group; #P< 0.05 vs the LPS group.
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tissues (Figure 11). The NG-R1 treatment significantly atte-
nuated this change (Figure 11). Additionally, in terms of
endothelial and epithelial permeability, the BALF protein

concentration quickly increased after taurocholate-induced
SAP (Figure 11). The treatment group also exhibited signif-
icantly low protein concentrations (Figure 11(D)).

Figure 5. Effect of miR-128-2-5p knockdown on SAP-induced ALI. The miR-128-2-5p-knockdown construct was delivered to rats

through intravenous tail administration of anti-miR-128-2-5p oligonucleotides, and SAP-induced ALI was induced through

intraperitoneal taurocholate challenge. The rat lungs were histopathologically examined. The lung injury score was measured. (A)

Representative images of H&E-stained lung sections from three experimental groups (400×magnification). (B) Lung injury score.

Data are expressed as mean± SD of three experiments. **P< 0.01 vs SO or SO treatment group; ##P< 0.01 vs SAP group.

Figure 6. Effect of miR-128-2-5p knockdown on miR-128-2-5p and Tollip/TLR4 signaling pathway in SAP-induced ALI. The

miR-128-2-5p-knockdown construct was delivered to rats through intravenous tail administration of anti-miR-128-2-5p

oligonucleotides, and SAP-induced ALI was established through intraperitoneal taurocholate challenge. The rat lungs were

histopathologically examined. (A–B) Representative qRT-PCR images showing the miR-128-2-5p expression level from four

experimental groups. (C–E) Representative Western blots and statistical summary of the densitometric analysis of the expression

levels of NF-κB65, p-IκB-α, HMGB1, TLR4, and Tollip in rat lungs with acute pancreatitis at 24 h after administering NG-R1

treatment. Data were expressed as mean± SD of three experiments. **P< 0.01 vs SO group; #P< 0.05 vs SAP group.
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Amelioration of the acute pancreatitis-induced
histological ALI after NG-R1 administration
The histopathological analysis of H&E-stained lung sections
was performed to analyze the effect of NG-R1 on the acute
pancreatitis-induced histological lung injury. The histological
analyses of lungs following taurocholate and acute pancreatitis
induction revealed that the capillaries in the lung tissue
expanded and became congested by the significant increase
in neutrophils (Figures 12(A) and 12(B)). In addition, the
lung septa thickened and did not improve after 48 h, and the
lung injury score markedly increased (Figures 12(A) and
12(B)). The treatment group also displayed moderate injury.
However, the severity of the moderate injury was significantly
ameliorated. The lung injury score in the treatment group sig-
nificantly decreased compared with that in the model group
(Figures 12(A) and 12(B)).

Discussion
SAP is highly susceptible to ALI,38 which is the most per-
tinent manifestation of the extra-abdominal organ dysfunc-
tion in SAP and an important cause of extremely early
mortality (in the first week) during the course of SAP.39

High concentrations of inflammatory mediators and the

activation of inflammatory cells play an important role in
ALI’s initiation and progression.39–41 In the current study,
rats with SAP induced by taurocholate generally had poor
condition and exhibited shortness of breath, evident wheez-
ing, low activity, and cyanosis around the limbs, mouth,
nose, and tachypnea. Increased MPO activity and increased
production of TNF-α, IL-6, and ICAM-1 pro-inflammatory
mediators in BALF were also found. H&E staining showed
significant pulmonary hemorrhage, massive neutrophil
infiltration, alveolar septal thickening, alveolar dilatation,
and thrombosis in pulmonary capillaries. After the SAP
was induced by taurocholate, the lungs were clearly
inflamed, and the exudation of the lungs and the lung
injury were severe. The pathological lung injury score
was significantly increased, thereby conforming to the
pathological features of ALI induced by acute pancreatitis.

Currently, no specific treatment exists for ALI.
However, the PNS 1 has been used in treating
inflammation-related diseases with some therapeutic
effects.42 In this study, the treatment with Panax NG-R1
reduced MPO activity in the lung tissues, the levels of
TNF-α, IL-6, and ICAM-1 pro-inflammatory mediators in
the BALF, the lung wet/dry mass ratio, the alveolar
lavage fluid protein concentration, neutrophil infiltration,
and the H&E staining after dissection in the thoracic cavity.

Figure 7. Tollip as a direct target of miR-128-2-5p. (A–B) Tollip mRNA levels increased with miR-128-2-5p down-regulation in

RAW264.7 macrophages (P< 0.05). (C–D) The Tollip protein levels decreased with miR-128-2-5p overexpression in RAW264.7

macrophages compared with vector controls (P< 0.05). MiR-128-2-5p bound to Tollip-3′-UTR-wt, whereas binding was blocked by

Tollip-3′-UTR-mt. (F) Dual luciferase reporter assays confirmed that the miR-128-2-5p mimic bound to Tollip-3′-UTR-wt but not to
Tollip-3′-UTR-mt (P< 0.05).
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Figure 8. Effect of the notoginsenoside R1 treatment on the gene and the protein expression levels of miR-128-2-5p, ERK1, Tollip,

HMGB1, TLR4, IκB, and NF-κB from the acute pancreatitis-induced lung tissue. (A) Representative qRT-PCR images showing the miR-

128-2-5p, IκB, ERK1, Tollip, HMGB1, TLR4, and NF-κB genes expression level in rats’ lungs at 48 h after the notoginsenoside R1

administration. (B–C) Statistical summary of the densitometric analysis of the expression levels of miR-128-2-5p, ERK1, Tollip,
HMGB1, TLR4, and NF-κB genes in rats. (D) Representative Western blots showing the expression levels of TLR4, p-IRAK1,

MyD88, Tollip, p-ERK1, NF-κB65, IκB, p-IκB-α and HMGB1 in rats’ lungs with acute pancreatitis at 24 h after the notoginsenoside

R1 administration. (E–H) Statistical summary of the densitometric analysis of the expression levels of TLR4, p-IRAK1, MyD88,

Tollip, p-ERK1, NF-κB65, IκB, p-IκB-α, and HMGB1 in rat lung tissues. Data were presented as mean ± SD of three independent

experiments. *P< 0.05, **P< 0.01 vs. the SO group; #P< 0.05, ##P< 0.01 vs. the SAP group.

Figure 9. Attenuation of MPO activity and systemic inflammation in the lungs and pancreas in acute pancreatitis-induced lung injury by

NG-R1 treatment. (A) The MPO activity in the lungs and pancreas were measured at 48 h after NG-R1 administration. (B–F) The BALF
TNF-α, IL-1β, IL-6, and ICAM-1 levels were determined using ELISA at 48 h after NG-R1 administration. Data are expressed as mean±
SD. ** P< 0.01 vs SO group; #P< 0.05 vs SAP group.
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MiR-128-2-5p has been widely studied in various dis-
eases, such as esophageal squamous cell cancer, lung
cancer, and kidney inflammation.43–45 In recent studies,
miR-128-2-5p was significantly increased, and the T cells
and the NF-κB signaling pathway were activated.
However, the down-regulation of miR-128-2-5p expression
significantly suppressed the activation of T cells and the
NF-κB signaling pathway, which was mediated by
TNFAIP3, further alleviating the RA symptom.25 In the
present study, miR-128-2-5p was involved in the develop-
ment of ALI induced by acute pancreatitis. At the cellular
level, the miR-128-2-5p expression increased in the
miR-128-2-5p mimic group, promoted the activity of the
Tollip signaling pathway, increased the activity of the
TLR4/NF-κB65 signaling pathway, increased the intracel-
lular inflammation, and the growth inhibition rate of the
RAW264.7 macrophages. In this study, the miR-128-2-5p
knockout with anti-miR-128-2-5p oligonucleotides signifi-
cantly reduced miR-128-2-5p expression in the lung and
decreased Tollip expression, TLR4/NF-κB65 signaling
pathway activity, lung inflammation, and ALI induced by
severe pancreatitis. These results suggested that a reduced
miR-128-2-5p expression was protective against severe
ALI induced by SAP. Therefore, we observed whether
PNS 1 could reduce the expression of miR-128-2-5p and
ALI induced by SAP. The Panax NG-R1 significantly
reduced the expression of miR-128-2-5p in SAP-induced

lung tissues and decreased Tollip expression, the TLR4/
NF-κB65 signaling pathway activity, and lung inflamma-
tion, thereby improving the ALI induced by SAP.

Previous studies have shown that Tollip overexpression
reduced inflammatory symptoms and improved the survi-
val during the mesenteric ischemia/reperfusion injury.46,47

Similarly, pre-treatment with the Tollip inducer alleviated
hepatic and renal dysfunctions in the experimental model
of LPS.48 The Tollip protein molecules can exhibit abnor-
mal expression in patients with ulcerative colitis.49 In vivo,
Tollip can inhibit the LPS-stimulated phosphorylation
activation of IRAK1 and reduce the NF-κB transcrip-
tion.50 Increase Tollip expression induced by the non-
toxic immunomodulator monophosphoryl lipid A in the
medullary thick ascending limb can inhibit the
LPS-induced TLR4 signaling by suppressing the activa-
tion of IRAK-1, thereby preventing the activation of
ERK.50 In this study, Tollip expression in ALI induced
by SAP significantly decreased, further confirming that
the expression levels of HMGB1, TLR4, MyD88,
p-IRAK1, NF-κB65, and p-IκB-α proteins and of the
HMGB1, TLR4, IRAK1, and NF-κB65 genes significantly
increased. Furthermore, the TLR4 and the NF-κB65 activ-
ities in the lung tissue increased, whereas the HMGB1,
MyD88, p-IRAK1, NF-κB65, and p-IκB-α proteins were
the important signals of the TLR4/MyD88 and the
HMGB1/4/TLR4/NF-κB pathways, suggesting that

Figure 10. Effect of NG-R1 on the activation of NF-κB65 and TLR4 in acute pancreatitis-induced lung tissue observed using

immunohistochemical staining. (A) Representative immunohistochemically stained graphs of NF-κB65- and TLR4-positive expression

(400×magnification). (B) Statistical analysis of NF-κB65- and TLR4-positive expression. Data are expressed as mean± SD. **P<
0.01 vs SO group; #P< 0.05 vs SAP group.
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Tollip might modulate the inflammatory response through
the TLR4/MyD88 and HMGB1/TLR4/NF-H signaling
pathways. Furthermore, administration of NG-R1 signifi-
cantly increased the Tollip expression and decreased the
expression levels of TLR4, MyD88, p-IRAK1,
NF-κB65, and p-IκB-α proteins in the lungs, suggesting
that the Panax NG-R1 might block the TLR4/MyD88
and HMGB1/TLR4/NF-κB signaling pathways to regulate
the inflammatory response in the lungs by up-regulating
the Tollip pathway.

In this study, miR-128-2-5p up-regulation led to a
decrease of the activity of the Tollip pathway and inflamma-
tion in RAW264.7 macrophages, and the attenuation and
knockdown of miR-128-2-5p in rats with SAP-induced
ALI decreased the inflammation and increased the activity
of the Tollip signaling pathway in the lungs. Currently,
the potential targets between miR-128-2-5p and Tollip are
not identified.23 We further explored the potential link
between miR-128-2-5p and Tollip. The online TargetScan
predicted that miR-128-2-5p binds to the Tollip 3′-UTR.

Figure 11. Effect of NG-R1 treatment on the lung wet/dry mass ratio and the BALF protein concentration in rats with

taurocholate-induced acute pancreatitis. SAP was induced using intraperitoneal injection of 5% sodium taurocholate. Subsequently,

the rats were administered with either 15 mg/kg NG-R1 injection or 300 μl aqueous saline via tail vein injection for 48 h. Lung

wet/dry mass ratio and BALF protein concentration were measured. Data are expressed as mean± SEM. **P< 0.01 vs control

group; #P< 0.05 vs SAP group. Data are expressed as mean± SD. * P< 0.05 vs SO group; #P< 0.05 vs model group.

Figure 12. Effect of NG-R1 treatment on the changes in lung pathology and lung injury score in rats with taurocholate-induced acute

pancreatitis. SAP was induced using intraperitoneal injection of 5% sodium taurocholate. Subsequently, rats were administered with

either 15 mg/kg NG-R1 injection or 300 μl aqueous saline via tail vein injection for 48 h. (A) Representative images of H&E-stained

lung sections from four experimental groups (200×magnification). (B) Statistical analysis of lung injury score. Data are expressed

as mean± SD. **P< 0.01 vs control group; #P< 0.05 vs paraquat group. Data are expressed as mean± SEM. * * P< 0.01 vs SO

group; #P< 0.05 vs SAP group.
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The luciferase reporter assay further demonstrated that
Tollip was a target gene of miR-128-2-5p. The present
study was the first to identify the target relationship
between Tollip and miR-128-2-5p and indicated that
miR-128-2-5p mediated the mechanism of ALI by regulat-
ing Tollip expression. This finding suggested that Tollip
can mediate its anti-inflammatory effects through the induc-
tion of miR-128-2-5p. Therefore, this experiment demon-
strated that the PNS 1 regulated the intrapulmonary
inflammatory response induced by SAP by targeting the
Tollip pathway through miR-128-2-5p.

The ERK/NF-κB pro-inflammatory pathway is an
important inflammatory regulatory pathway.51,52 ERK is
the most important mediator of cellular transcriptional
activities, including inflammatory responses.53 ERK acti-
vates the NF-κB, thereby producing pro-inflammatory com-
pounds (such as TNF-α and IL-6) that aggravate the airway
inflammation and destroy the normal alveolar structure.54

The effects of PNS 1 on the ERK/NF-κB pro-inflammatory
pathways were also investigated. Results showed that the
expression levels of p-ERK1 and NF-κB increased in the
lung tissue, and the lung inflammation in the acute pancrea-
titis model induced by taurocholate increased too. After the
PNS 1 administration, the expression levels of p-ERK1 and
NF-κB decreased in the lung tissue induced by acute pan-
creatitis. The inflammation in the lung and ALI were
reduced. Thus, the Panax NG-R1 may play a protective
role in the lung by increasing Tollip and further blocking
the ERK/NF-κB pro-inflammatory pathway to control the
inflammation in the lungs induced by acute pancreatitis.

Previous studies have found that the administration of
PNS alleviates the ALI induced by intestinal ischemia/
reperfusion55 and ameliorates oleic acid- and LPS-
induced ALI potentially through the restoration of epithelial
sodium channel α mRNA and protein expression.56 A 2019
study has shown that NG-R1 up-regulates miR-132 to
protect human lung fibroblast MRC-5 cells from the
injury caused by LPS.57 NG-R1 is suggested to regulate
the ALI by regulating the miRNA. This effect is due to
the antioxidant and anti-inflammatory effects of PNS. Our
research further found that the NG-R1 had the following
effects: increased activity of the Tollip signaling pathway
via the down-regulation of miR-128-2-5p, inhibition of
the LR4/MyD88, HMGB1/TLR4/NF-κB, and ERK/
NF-κB signaling pathways, reduced lung inflammation,
and alleviation of the SAP-induced ALI.

Taurocholate-induced pancreatitis animal models have
some shortcomings, such as prolonged preparation time,
difficult operation, high death rate, and potential infection
of the pancreas when puncturing through the gut.58

However, compared with clinical trials, the use of animal
models have many advantages, such as accessible subjects,
standardization of the degree of the lesion, practicability of
invasive inspection, adequate tissue samples, and practic-
ability of prophylactic treatment.58 Therefore, we chose

taurocholate-induced pancreatitis animal models. In vivo,
in the process of ALI caused by SAP, the specific lung
injury caused by endotoxin and various inflammatory med-
iators due to pancreatic inflammation can be reflected in the
macrophage inflammation model. The endotoxin is
involved in the pathogenesis of ALI caused by SAP.59

The endotoxin can make mild pancreatitis develop into
severe pancreatitis and further cause the occurrence of sys-
temic inflammatory syndrome and ALI.59 Thus, we chose
LPS-induced macrophage inflammation models.

In recent years, the combination of gas chromatography
(GC)–quadrupole time-of-flight mass spectrometry
(Q-TOF/MS) and liquid chromatography–Q-TOF/MS has
been applied successfully in numerous metabolomics
studies to achieve sensitive and accurate metabolic profiling
and screening of biomarkers.60 In future work, the
GC-Q-TOF/MS will be used to analyze the changes in the
metabolism of the NG-R1 in different organs in the body
and its influence on important metabolic indicators in
taurocholate-induced pancreatitis animal models and
observe the effects of the NG-R1 on taurocholate-induced
pancreatitis animal models.

In China, PNS is clinically used for the treatment of
inflammation-related diseases.61 PNS is usually given intra-
venously and has a certain therapeutic effect.61 NG-R1 is
one of the main active ingredients of PNS. At present, the
use of the NG-R1 alone in clinical treatment has not been
reported yet and is still in the stage of animal experimenta-
tion, often given orally to treat experimental animals.
However, previous studies have shown that NG-R1 is
easily dissolved in water but shows remarkably low bio-
availability and poor permeability in the gastrointestinal
tract.62 Therefore, this experiment is chosen to inject
NG-R1 intraperitoneally to treat experimental animals.

In conclusion, our experiments illustrated that NG-R1
could extenuate ALI induced by SAP. The mechanism of
action may be related to the decreased expression of
miR-128-2-5p, increased activity of the Tollip signaling
pathway, attenuated activity of the HMGB1/TLR4 and
ERK1 signaling pathways and inhibited inflammatory
response to SAP-induced ALI. Tollip was the regulatory
target for miR-128-2-5p. Thus, this study provided a new
rationale for the use of the NG-R1 in the treatment of
inflammatory-related ALI. However, NG-R1 had a
complex mechanism of anti-pulmonary injury, which
involved inflammation, oxidative stress, and apoptosis-
related pathways. The NG-R1 mechanism needs to be
further explored. MiR-128-2-5p was involved in the devel-
opment of ALI induced by SAP, and Tollip was the regula-
tory target for the miR-128-2-5p.
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