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Background: Acute pancreatitis (AP) is an inflammatory disorder of the exocrine pancreas without specific treatment. Shenmai
injection (SMI) was reported to eliminate the severity of experimental AP. This study aimed to explore the mechanisms underlying the
synergistic protective effects of SMI on AP based on network pharmacology and experimental validation.

Methods: Network pharmacology analysis and molecular docking based on identified components were performed to construct the
potential therapeutic targets and pathways. The principal components of SMI were detected via ultra-high-performance liquid
chromatography-coupled with quadrupole time-of-flight mass spectrometry (UHPLC-QTOF/MS). Effect of SMI and the identified
components on cellular injury and IL6/STAT3 signaling was assessed on mouse pancreatic acinar cell line 2666 cells. Finally, 4%
sodium taurocholate (NaT) was used to induce AP model to assess the effects of SMI in treating AP and validate the potential
molecular mechanisms.

Results: By searching the TCMSP and ETCM databases, 119 candidate components of SMI were obtained. UHPLC-QTOF/MS analysis
successfully determined the representative components of SMI: ginsenoside Rbl, ginsenoside Rgl, ginsenoside Re, and ophiopogonin
D. Fifteen hub targets and eight related pathways were obtained to establish the main pharmacology network. Subnetwork analysis and
molecular docking indicated that the effects of these four main SMI components were mostly related to the interleukin (IL) 6/STAT3
pathway. In vitro, SMI, ginsenoside Rb1, ginsenoside Rgl, ginsenoside Re, and ophiopogonin D increased the cell viability of NaT-
stimulated mouse pancreatic acinar 266—6 cells and decreased IL6 and STAT3 expression. In vivo, 10 mL/kg SMI significantly alleviated
the pancreatic histopathological changes and the expression of IL6 and STAT3 in the AP mice.

Conclusion: This study demonstrated SMI may exert anti-inflammatory effects against AP by suppressing IL6/STAT3 activation, thus
providing a basis for its potential use in clinical practice and further study in treating AP.
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Introduction
Acute pancreatitis (AP) is one of the most common gastrointestinal diseases, with an estimated cost of approximately
2.6 billion dollars annually and the global incidence is still increasing.'

Intra-acinar events leading to the inflammatory cascade amplify systemic inflammatory response syndrome and
ultimately lead to multiple organ dysfunction syndromes and death. Severe AP is characterized by persistent organ
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failure with a substantial mortality rate of 36-50% and causing the reduced quality of life and significant socio-
economical burden.> > Recent network meta-analysis that included 7366 participants in 78 randomized controlled trials
assessing the effects of pharmacological interventions on AP found no consistent clinical benefits from any
interventions.® Current guidelines recommended routine methods for managing AP.”*

Traditional Chinese medicine (TCM) has been clinically applied for thousands of years in China and has been
demonstrated to be effective and safe for treating AP in clinical practice.” The underlying mechanism of TCM in treating
AP remains unclear. Based on TCM theory, AP is triggered by invasion of “heat-evil” to the organs. We proposed the
therapeutic principles that require “nourishing Qi and Yin, removing blood stasis, clearing heat, removing toxins and
purgation” (abbreviated as the “Yi-Huo-Qing-Xia” methods) for AP.'®"'? Studies have investigated treatments that
involve “clearing heat, removing toxins and purgation”, which include prescriptions for dachengqi decoction, chaiqinch-
engqi decoction, and gingyi decoction.'*?° Notably, the progression of heat-toxins and associated treatments tend to
injure the Qi and Yin, resulting in qi-yin deficiency. Therefore, nourishing Qi and Yin is important for treating AP.
Nevertheless, few studies have focused on nourishing Qi and Yin in the early stages of AP.

Shenmai injection (SMI), a formula derived from the prescription Shendong yin,?' is a sterile product extracted and
purified from Chinese medicinal materials under the guidance of TCM theory and modern pharmaceutical manufacturing
technologies. It is one of the main formulas for nourishing Qi and Yin.**** SMI is indicated as an adjuvant treatment for
shock, coronary disease, and chronic pulmonary cardiac disease and is recommended by the National Health Commission
of China for severe or critical coronavirus disease (COVID-19) (2020).%* A previous study showed that SMI reduced the
severity of experimental AP.*> Nevertheless, the individual components responsible for the various pharmacological
responses and potential mechanisms of SMI on AP remain unclear.

Here, we investigated the possible anti-inflammatory role and mechanisms of SMI in treating AP by integrating
network pharmacology, molecular docking analysis and experimental validation. Figure 1 presents a flowchart of the
study design.

Materials and Methods
SMI Drug Component Screening

All components of Panax ginseng and Radix Ophiopogonis were determined from the Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform (TCMSP; https:/tcmspw.com/) and the Encyclopedia of
Traditional Chinese Medicine (ETCM; http://www.tcmip.cn/ETCM/index.php/Home/Index).

Major SMI Components ldentified via Ultra-High-Performance Liquid
Chromatography-Coupled with Quadrupole Time-of-Flight Mass Spectrometry
(UHPLC-QTOF/MS) Analysis

Based on the previously screened active components and the reported main pharmacologically active components,*®’
we performed UHPLC-QTOF/MS analysis to verify the predominant identified components of SMI were available in the

sample used for subsequent experiments.

SMI and Standards

SMI is a Chinese patent drug extracted from Panax ginseng (Panax ginseng C.A. Mey, steamed and dry) and
Ophiopogon japonicus (Ophiopogon japonicus [L.f.] Ker-Gawl, root). SMI was produced by Sichuan Chuanda West
China Pharmaceutical Co., Ltd. (Chengdu, China) and purchased from outpatient pharmacy of West China Hospital.
Panax ginseng and Ophiopogon root standards were purchased from Chengdu Push Bio-Technology Co., Ltd. (Chengdu,
China) and maintained at 25°C. Table 1 provides the detailed information on the material medica from SMI
Supplementary Table 1 provides the detailed information on the reagents and natural compound standards.
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Figure | Study flowchart.

UHPLC-QTOF/MS Analysis of SMI and Standard

SMI was centrifuged at 13,000 r/min for 3 min, and 10 pL of the supernatant was taken for testing. Standards were
dissolved in methanol and obtained as a 1 pg/mL solution. The SMI and standards were analyzed on a UHPLC (Nexera
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Table | Basic Information of Two Medicinal Materials of SMI

Chinese Name English Name Latin Name Family
Hongshen Red Ginseng Panax ginseng C.A. Mey Araliaceae
Maidong Ophiopogon japonicus Ophiopogon japonicus (L.f) Ker-Gawl Liliaceae

LC-30A, Shimadzu Corporation, Kyoto, Japan) with a Q-TOF MASS instrument (X500R, AB SCIEXTM). Separation
was performed on a BEH C18 column (100x2.1 mm, 3 pm, Waters) at 40°C with a flow rate of 0.5 mL/min. The mobile
phase consisted of water containing 0.1% formic acid and acetonitrile and was performed with the following gradient
elution program: 0 min, 90% A, 10% B; 6 min, 5% A, 95% B; 8 min, 5% A, 95% B; 8.1 min, 90% A, 10% B; 10
min, 90% A, 10% B. The injection volume was 10 pL.

The Q-TOF-MS system was operated using an electrospray ionization source in negative mode with the following
operating parameters: ion source gasl (gas 1): 50, ion source gas2 (gas 2): 50, curtain gas: 35, source temperature: 500°
C, ion spray voltage floating: 4500 V, TOF MS scan range: 200—1200 Da, product ion scan range: 50-1200 Da, TOF MS
scan accumulation time 0.2 s, and product ion scan accumulation time: 0.01 s. The secondary mass spectrum was
acquired by information-dependent acquisition, in high-sensitivity mode, with declustering potential: 60 V and collision
energy: 35+15e V. All data were processed using SCIEX OS-MQ 2.1 (AB SCIEX™).

Drug Compound-Related Target Screening

The canonical SMILES structure formats of the compounds were obtained from the PubChem database (https://pubchem.
ncbi.nlm.nih.gov/), and the compound targets were identified by inputting them into the Swiss Target Prediction database
(http://www.swisstargetprediction.ch/) with the species limited to “Homo sapiens” and “probability >0.

AP-Related Target Screening

AP-associated targets were identified using “acute pancreatitis” as the keyword in the OMIM (https://www.omim.org/),

DisGeNet (http://www. disgenet.org), HPO (https://hpo.jax.org/app/), and NCBI (https://www.ncbi.nlm.nih.gov/) data-

bases. Protein names of all targets were converted into official gene symbols using UniProt (https://www.uniprot.org/).

After removing duplicated genes, the potential therapeutic targets of SMI were collected and further visualized in the
Evenn database (http://www.ehbio.com/test/venn/#/).

Protein—Protein Interaction (PPl) Network Analysis

The PPI network of the potential therapeutic targets was constructed and analyzed using the STRING database (https://
string-db.org/) with the species limited to “Homo sapiens” and a confidence score >0.7. The results were saved as TSV
files and further visualized in Cytoscape 3.7.2. In the PPI network, targets with high degrees played vital roles in the
central correlation. We considered the targets with degree values greater than the median as the main targets.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)

Pathway Enrichment Analysis
The DAVID 6.8 database (https://david.ncifcrf.gov/) was used to perform GO annotation and KEGG pathway enrichment
analysis of the potential therapeutic targets. The results were visualized using the bioinformatics platform (http:/www.

ehbio.com/ImageGP/).

Pharmacology Network Construction and Analysis

From the previously obtained main targets and enriched pathways, we constructed the compounds-targets-pathways
network as the main pharmacology network. The interleukin (IL) 6/STAT3 pathway was selected from the PPI network
analysis and KEGG signaling pathways. A subnetwork of IL6/STAT3 pathways-targets-compounds was extracted from
the main network.
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Molecular Docking

Molecular docking was performed to visually investigate the interactions between the major identified components and
the selected potential targets using AutoDock Vina 1.1.2. First, two-dimensional structures of the components were
obtained from the PubChem database (https://pubchem.ncbi.nlm.nih.gov), then converted to three-dimensional structures

in mol2 format by ChemOffice software to prepare the micromolecule ligand compounds. The components and main
target proteins for docking were prepared using PyMOL 1.7.2.1 software and saved as PDBQT files. AutoDock Vina
(http://vina.scrip ps.edu/) was used to perform molecular docking and calculate the binding affinity. The docking results
for the active components and main protein targets were visualized with PyMOL software.

Experimental Assessments

Reagents

Sodium taurocholate (NaT) was from Sigma-Aldrich (#86339-5G, St. Louis, MO, USA). The following antibodies were
used for Western blotting: phospho-STAT3 (Tyr705, #9145S), STAT3 (#12640S), anti-IL6 (#12912S) were purchased
from Cell Signaling Technology (Danvers, MA, USA); anti-B-actin (#66009-1-1g) was from Proteintech (Wuhan, Hubei,
China). Complete protease inhibitor cocktail (#05892791001) and phosphatase inhibitor cocktail (#04906845001) were
from Roche (Mannheim, Germany). Bicinchoninic acid protein assay kit (#23225) was from Thermo Fisher (Rockford,
[linois, USA). Polyvinylidene difluoride membranes (#IPVH00010) and Ultra ECL Western Blotting Detection Reagent
(#4AWO011) were from 4A Biotech (Beijing 4A Biotech Co., Ltd). TRIzol Reagent (#15596026) was from life
technologies (Waltham, MA, USA). The chemical standards for SMI contained components were purchased from
Sichuan Push Bio-technology Co., Ltd. (Chengdu, Sichuan, China).

Cellular Viability Assessment

To determine whether SMI has a protective effect on cells, we performed cellular viability tests. Cell counting kit-8
(CCK-8) was used to indicate the number of viable cells in the proliferation and cytotoxicity assays. Mouse pancreatic
acinar cell line 2666 (CRL-2151, ATCC, Manassas, VA, USA) was cultured in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin at 37°C with 5% CO,. The cells were seeded
into 96-well plates at the same density, pretreated with SMI (1, 5, 10, or 20 pL/mL) for 24 h, then incubated in medium
containing NaT (5§ mM) for 3 h. The CCK-8 assay was performed as per the manufacturer’s instructions.

Western Blots for IL6 and STAT3

Cells and pancreatic tissues were homogenized in RIPA buffer containing 50 mmol/L Tris (pH 7.4), 150 mmol/L NaCl,
1% sodium deoxycholate, 1% Triton X-100, 0.1% SDS, sodium orthovanadate, sodium fluoride, EDTA, leupeptin and
a mix of protease and phosphatase inhibitors. Protein extracts were resolved by SDS-PAGE gel electrophoresis and
transferred to polyvinylidene difluoride membranes. Then the membranes were blocked with 5% non-fat milk or 5%
BSA for 1 h at room temperature, followed by incubation with primary antibodies overnight at 4°C and incubation with

secondary antibodies for 1 hour at room temperature. Immuno-reactive bands were visualized by Chemiluminescent

Table 2 Chromatography and Mass Spectrum for Components and the Corresponding Authentic Standards

Compound Formula RT (min) Precursor (m/z) lon Error (ppm) MS/MS
Standard SMI Standard SMI

Re C48H82018 2.959 2.980 991.552 991.553 | [M+FA-H]- 0.706 945.543 799.485 637.433

Rgl C42H72014 2.985 3.010 845.499 845.497 | [M+FA-H]- -3.075 845.487 799.483 637.431

Rbl C54H92023 3.552 3.594 1153.622 | 1153.612 | [M+FA-H]- —8.668 1153.599 1107.593 600.300

D C44H70016 5.680 5.687 899.467 899.467 | [M+FA-H]- 0 853.459 721.415 575.358

D’ C44H70016 5811 NA 899.467 899.467 | [M+FA-H]- NA 853.457 721.417

Abbreviations: RT, retention time; SMI, Shenmai injection; MS, mass spectrometry; Re, Ginsenoside Re; Rgl, Ginsenoside Rgl; Rbl, Ginsenoside Rb1; D, Ophiopogonin D;
D’, Ophiopogonin D’; NA, not applicable.
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Figure 2 Confirmation of the components of SMI by standard compounds. (A) Representative base peak intensity chromatograms of standards (red line) and SMI (blue line).
(B) Measured MS/MS spectral fragmentation profiles of SMI (top, in black) matching chemical standards (bottom, in red).
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Detection System (Bio-Rad; Hercules, CA, USA). To estimate protein levels, optical density values in each blot were

expressed relative to those of the loading control (B-actin).

Animals

Male C57BL/6J mice (weighing 22-25g) were purchased from Gempharmatech Co., Ltd. (Nanjing, China), maintained
at 22 + 2°C on a 12-h light-dark cycle, and fed standard laboratory chow and water throughout the experiment. All
animal experiments were performed in accordance with the guidelines approved by the Animal Ethics Committee of

West China Hospital, Sichuan University (2021333A).
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Drug Design, Development and Therapy 2022:16

https:

Dove:

2485


https://www.dovepress.com
https://www.dovepress.com

He et al Dove

AP Models and SMI Treatment

Mice were divided into control, AP and AP+SMI group, respectively (n = 8 in each group). AP-model mice were induced
via retrograde pancreatic ductal injection with 4% sodium taurocholate (NaT) dissolved in saline. Briefly, mice were
anesthetized with 2% isoflurane (gas flow: 0.5 L/min) using a vaporizer and gas scavenger system. Using sterile
techniques, a small midline laparotomy incision was made. The duodenum was flipped to reveal its distal side and
held in place by ligatures. The bile duct was identified, and a 30-gauge needle was inserted through the antimesenteric
aspect of the duodenum to cannulate the biliopancreatic duct. NaT was infused at 5 uL/min for 10 min using a perfusion
pump (Pump33DDS, Harvard Apparatus, Holliston, MA, USA). Saline-infused mice served as controls. In the AP+SMI
group, SMI (10 mL/kg) was injected intraperitoneally twice: pretreated within 24 h before NaT induction and 1 h after
the procedure. Animals were euthanized 24 h after NaT induction, and relevant organs were harvested to assess the
severity. Detailed protocols for the histopathological assessment of the pancreas were as previously described.

Statistical Analysis

Data were analyzed using one-way analysis of variance and Tukey’s post-hoc test for multiple comparisons with
GraphPad Prism 8.0 software (GraphPad Software Inc., La Jolla, CA, USA). Data are presented as the mean + standard
error of the mean. A two-sided p < 0.05 was considered statistically significant.

Results

Acquiring the Components and Potential Targets

By searching the TCMSP and ETCM databases, 119 candidate components of SMI were obtained (Supplementary
Table 2). We then used UHPLC-QTOF/MS to determine the five reported active components of SMI with chemical
standards by matching the accurate mass (m/z, + 10 ppm), retention time (30 s), and MS/MS spectra for a level 1
identification as shown in Table 2.*® The SMI and mixed standards total ion chromatogram (TIC) are shown in
Figure 2A. Furthermore, the extracted ion chromatogram (EIC) of four components are presented in Supplementary
Figure 1. Finally, measured MS/MS spectral fragmentation profiles of SMI and standards were matched according to
their accurate masses (Figure 2B).

Table 3 Hub Genes and Topological Property

Gene Protein Name Average Betweenness | Degree
Symbol Shortest Path | Centrality
IL6 Interleukin-6 1.3947 0.2066 23
STAT3 Signal transducer and activator of 1.7747 0.1601 21

transcription 3
VEGFA Vascular endothelial growth factor A 1.4737 0.2799 21
TNF Tumor necrosis factor 1.6053 0.0588 17
MMP9 Matrix metalloproteinase-9 1.6316 0.0825 16
PTGS2 Prostaglandin G/H synthase 2 1.7105 0.0651 13
MMP2 Matrix metalloproteinase-2 1.7105 0.0176 13
ICAMI Intercellular adhesion molecule | 1.7105 0.022 12
MMP3 Matrix metalloproteinase-9 1.8421 0.0371 10
JAK2 Tyrosine-protein kinase JAK2 1.9474 0.0599 9
PTPRC Receptor-type tyrosine-protein 1.9211 0.037

phosphatase C
MMPI Matrix metalloproteinase- | 1.8421 0.0058 9
ERBB2 Receptor tyrosine-protein kinase 1.8421 0.0074

erbB-2
SERPINEI Plasminogen activator inhibitor | 1.8684 0.0136 8
HMOXI Heme oxygenase | 1.8947 0.0022
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Using the predefined screening conditions, we obtained 770 candidate compound-related targets and 610 AP-related
targets (Supplementary Table 3). PPI analysis yielded 59 potential therapeutic targets of SMI for treating AP (Figure 3A).

The STRING database revealed the intersections among these potential therapeutic targets with a minimum required
interaction score of 0.7 (high confidence). The PPI network comprised 49 nodes and 148 edges with an average node
degree score of 6.04 (Figure 3B).

Analysis of Related Pathways of Potential Targets

To gain more crucial targets, we calculated the betweenness centrality, shortest path, and degree of centrality of the target
proteins using topological analysis. Targets with degree scores greater than the average value (6.04) were considered hub
targets. Fifteen hub targets were screened for further exploration as the main targets of SMI in treating AP (Table 3,
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Figure 4A). Figure 4B provides a visual analysis of the 15 hub genes via CytoHubba, which highlights IL6 (degrees = 23)
and STAT3 (degrees = 21) as the two main targets of SMI for the anti-inflammatory effects of AP. GO enrichment
analysis revealed that the biological processes of the genes were highly enriched for apoptotic and inflammatory-related
functions (Figure 4C). Figure 4D and E show the cellular components and molecular functions of the genes.

Construction of IL6/STAT3-Related Subnetwork and Analysis of Compound Targets
A main compounds-targets-pathways network was constructed based on the four active components identified via
UHPLC/MS, 15 hub targets selected from the PPI network, and eight pathways determined by KEGG analysis

(Figure 5A).
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targets of IL6, STAT3, TNF, and JAK2 related to the IL6/STAT3 pathway.
Abbreviation: KEGG, Kyoto Encyclopedia of Genes and Genomes.
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To further evaluate the association between the main targets and the signaling pathways, we focused on the 1L6/
STAT3 inflammatory pathway to construct a subnetwork involving IL6, STAT3, Janus kinase (JAK) 2 and tumor necrosis
factor (TNF) (Figure 5B). In the IL6/STAT3-related subnetwork, four active components of SMI (ginsenoside Rbl,
ginsenoside Rgl, ginsenoside Re and ophiopogonin D) were predicted to have direct interactive functions with the top
targets (IL6, STAT3, TNF, and JAK2). Ginsenoside Rgl was predicted to regulate IL6 and TNF. Ginsenoside Re,
ginsenoside Rbl, and ophiopogonin D were predicted to regulate STAT3 and VEGFA.

Molecular Docking

Because IL6, STAT6, VEGFA, and TNF had the highest degrees in the topological analysis, we selected these genes and
their corresponding components to evaluate their interactive activity by molecular docking. Table 4 shows the docking
scores. Larger absolute docking affinity values indicated greater binding capability between the active sites of the targets
and compounds. Figure 6 shows the molecular docking of IL6 and STAT3 with the four active components.

SMI Attenuated NaT-Induced Cellular Injury

Next, we validated the anti-inflammatory effects of SMI on NaT-stimulated 266—6 cells. Here, 5 mM NaT decreased
2666 cell viability by 60%, and SMI (1, 5, 10, and 20 uL/mL) helped regain viability of the NaT-stimulated 2666 cells
(p < 0.05; Figure 7A). From the four doses, 5 pL/mL SMI increased cell viability to ~80%. The four active components
exerted different effects on the viability of the NaT-stimulated 266—6 cells (Figure 7B). Ginsenoside Re (100, 200, and
400 uM) increased the cell viability dose-dependently, with a maximal effect at 400 uM. Ginsenoside Rb1 at 2 and 5 uM
and ginsenoside Rgl at 50 uM exerted the same effect. Ophiopogonin D did not appear to affect 266—6 cell viability.

Effect of SMI on IL6/STAT3 Signaling in Acinar Cells

We next performed Western blot assays to validate the effect of SMI on IL6/STAT3 pathway in acinar cells (Figure 7C).
NaT stimulation at 1 mM markedly upregulated the p-STAT3 and IL6 expressions (p < 0.01). Expectedly, SMI treatment
at 10 pL/mL significantly decreased the p-STAT3 and IL6 levels compared with those of the AP-induced group
(p < 0.01). Figure 7D shows the quantitative analysis and comparison of the relative protein levels.

Protective Effect of SMI on the Pathological Severity and IL6/STAT3 Activation in
NaT-Induced AP Mice

Figure 8A shows the representative hematoxylin and eosin (H&E)-stained pancreatic images. 4%NaT successfully
induced typical AP-associated histopathological changes manifesting as diffuse edema, neutrophil infiltration and acinar
cell necrosis, as demonstrated by increased histopathological scores (Figure 8B). Pretreatment of SMI at 10 mL/kg
significantly attenuated the histopathological scores of the AP-induced mice, indicating a protective effect of SMI for
treating AP. 4%NaT successfully induced overexpression of p-STAT3 and IL6 in pancreatic tissues, and 10mL/kg SMI
pretreatment reduced p-STAT3 and IL6 (p < 0.01) (Figure 8C-D).

Table 4 Binding Affinity Between Four Active Components
from SMI and Potential Targets

Components Binding Affinity (kcal/mol)

STAT3 VEGFA IL6 TNF

Ginsenoside Rgl -7.3 =77 -85 —6.1
Ginsenoside Re -7.7 -7.8 -8.38 —6.7
Ginsenoside Rbl -8 -8.1 -84 =73
Ophiopogonin D -9.9 —9.1 —9.6 -8

Abbreviations: STAT3, signal transducer and activator of transcription 3;
VEGFA, vascular endothelial growth factor a; IL6, Interleukin 6; TNF, tumor
necrosis factor.
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Figure 6 Molecular docking models of the four active compounds binding to IL6 and STAT3 (A-D).

Discussion

AP is a common digestive disease with no specific clinical interventions. TCM allows effectively and safely treating AP
in clinical practice. Because “heat-evil” has been widely accepted in TCM as the main cause of AP, the principles of
“clearing heat, removing toxins and purgation” should be followed and have been investigated. Heat-toxin progression
may potentially harm Qi and Yin, and “clearing and purgation” treatment may cause or aggravate Qi and Yin deficiency.
Based on this pathogenesis, we proposed that nourishing Qi and Yin should be an important adjunctive therapy in the
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early stages of AP. However, few studies have focused on this issue. SMI, extracted from Panax ginseng and
Ophiopogon japonicus, is a frequently used extract for gi-yin deficiency.”*** In a previous study with a severe AP-
induced rat model, SMI administration reduced the inflammatory indices, attenuated the histopathological severity of
multiple organs, and activated HO-1 signaling.? In the present study, we for the first time performed an integrated
strategy of active ingredient determination, network pharmacology, molecular docking and experimental validation to
investigate the chemical basis and mechanisms of SMI.

In our study, component screening initially revealed 72 active compounds from Panax ginseng and 47
compounds from Ophiopogon japonicus, from which, we further determined the active components. Next,
UHPLC-QTOF-MS analysis verified four active components of SMI (ginsenoside Rb1, ginsenoside Rgl, ginseno-
side Re, and ophiopogonin D), which was consistent with previous reports.”**’ Our experiment demonstrated that
ginsenoside Rbl, ginsenoside Rgl and ginsenoside Re effectively alleviated pancreatic acinar cellular injury.
Ophiopogonin D appeared to exert no protective effect on reducing injury in cultured 266—6 cells. However, we
did not detect the ratio and dosage of the four active ingredients in Shenmai injection, so the effective protective
dose of active ingredients could not be achieved. Further studies are need for developing SMI-based pharmaco-
logical treatments for AP.

By using topological analysis and pharmacological subnetwork, we found four active components of SMI
(ginsenoside Rbl, ginsenoside Rgl, ginsenoside Re and ophiopogonin D) would have direct interactive functions
withIL6/STAT3. Furthermore, a detailed molecular docking approach revealed that these active components dis-
played good affinity for IL6 and STAT3. Our experimental studies demonstrated that SMI increased the viability of
NaT-stimulated mouse pancreatic acinar cells and alleviated the pancreatic histopathological changes in the NaT-
induced AP mice. Further, SMI decreased IL6 and STAT3 expressions both in vivo and in vitro. IL6,
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a proinflammatory cytokine, significantly increased and positively correlated with AP severity.**>? Circulating IL6
either binds to IL6Ra and gp130 on target cells or binds to a soluble form of IL6Ra (sIL6R) to form a complex that
interacts with membrane-bound gp130, thus activating downstream JAKs and STAT3 by phosphorylating tyrosine
705.%> Then STAT3 dimerizes and translocates to the nucleus to regulate its target genes. This positive feed-back
loop amplifies the progression of the systemic inflammatory cascade during AP.** Neutralizing antibody against IL6
effectively inhibited STAT3 activation in the pancreas and reduced disease severity by promoting pancreatic acinar
cell apoptosis.®® Studies have shown that SMI has immunomodulatory effects against inflammatory injuries by
suppressing mediators.>>>° Ginsenosides are a class of steroid glycosides and triterpene saponins, which include
over 40 members. Among them, ginsenoside Rbl, ginsenoside Rgl, and ginsenoside Re have been reported to
ameliorate inflammatory injury by regulating the NF-«B signaling pathway and inflammatory mediators, including
TNF-a and IL6.°"*° We found tentative evidence for the protective effects of SMI by partially suppressing IL6/
STAT3 activation. However, it remains unknown whether SMI regulates STAT3 nuclear translocation and its
downstream targets. This research warrants further in-depth investigation to establish a potential pathway for
developing novel drugs.

This study had several limitations. First, because we focused on the reported active components of SMI, the
therapeutic effects of the other components of SMI may have been underestimated. Second, because medicinal material
quality is the most important consideration for the product’s effects, a single batch of the drug is insufficient. Although
we developed a material quality control strategy, further studies are needed to validate the therapeutic effects of SMI and
its components using different batches. Third, until recently, no consensus was available regarding the TCM syndrome
that should be used in AP experimental models.

Conclusion

In this study, we explored for the first time the bioactive components of the representative formula for “nourishing Qi and
Yin” as well as SMI and its anti-inflammatory effects in the early stages of AP by using network pharmacology analysis,
molecular docking and animal validation. Our results demonstrated that SMI alleviated the severity of experimentally
induced AP partly by suppressing IL6/STAT3 activation, thus providing a basis for using SMI in clinical practice and
further studying AP.
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