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Purpose: Tingli Dazao Xiefei Decoction (TDXD) is a Traditional Chinese Medicine (TCM) formula used to treat acute lung injury
(ALI). However, the precise mechanism of TDXD in treating ALI remains unclear. We investigated the therapeutic mechanism of
TDXD against ALI using a complementary approach combining network pharmacology, molecular docking, and in vitro and in vivo
experiments.

Material and Methods: Potential drug targets of TDXD and relevant target genes associated with ALI were retrieved from Chinese
medicines and disease genes databases. Bioinformatics technology was employed to screen potential active ingredients and core
targets. Validation experiments were conducted using a lipopolysaccharide (LPS)-induced ALI mouse (C57BL/6J) model, LPS-
induced inflammatory RAW264.7 cells, and molecular docking between active compounds of TDXD and potential targets.

Results: Network pharmacology suggested that the mechanism of TDXD against ALI involved phosphoinositide 3-kinase (PI3K) /
protein kinase B (AKT) / phosphatase and tensin homolog (PTEN) and Janus kinase 2 (JAK2) / signal transducer and activator of
transcription 3 (STAT3) pathways. Quercetin, B-sitosterol, kaempferol, isorhamnetin, and L-stepholidine were identified as the main
active compounds of TDXD that exerted anti-ALI effects. Molecular docking indicated that these compounds exhibited good binding
capabilities (< —Skcal/mol) to key targets in PI3K/AKT/PTEN and JAK2/STAT3 signaling pathways. In the animal model, TDXD
alleviated injuries and inflammatory responses in lung tissues, accompanied by inhibition of expression of tumor necrosis factor-o
(TNF-a), Interleukin-6 (IL-6), STAT3, and Suppressor of Cytokine Signaling 3 (SOCS3) mRNA, and key proteins in PI3K/AKT/
PTEN and JAK2/STAT3 pathways (all P values < 0.05). Cell based experiments showed that TDXD dose-dependently inhibited the
expression of essential proteins in PI3K/AKT/PTEN and JAK2/STAT3 pathways (P < 0.05).

Conclusion: This study revealed that the mechanism of TDXD in ALI treatment might involve simultaneous regulation of PI3K/
AKT/PTEN and JAK2/STAT3 pathways.

Keywords: network pharmacology, molecular docking, lipopolysaccharide, PI3K/AKT/PTEN, JAK2/STAT3

Introduction

Acute lung injury (ALI) is a clinical syndrome characterized by acute progressive respiratory distress and refractory
hypoxemia. The main manifestations of ALI include increased alveolar-capillary membrane permeability, edema, and
diffuse alveolar injury.! ALI can progress to acute respiratory distress syndrome (ARDS) and cause significant morbidity
and mortality.> This is one of the critical reasons why patients are transferred to an intensive care unit and have a 40%

fatality rate.* The pathogenesis of ALI/ARDS primarily includes pulmonary infection, pulmonary contusion, sepsis, etc.,
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among which infection is the most common cause.”® Owing to the pathogenetic heterogeneity of ALI, effective
treatments are lacking in clinical practice and adjuvant therapies, such as respiratory ventilation and symptomatic
drugs, are typically used.®’ Therefore, there is an urgent need to thoroughly investigate the pathophysiologic mechanisms
of ALI progression to identify improved prognostic and therapeutic targets. Studies have shown that inflammatory
infiltration and hyperplasia of pulmonary microvascular endothelial cells induced by inflammatory factors, are essential
pathogeneses of ALL® Thus, inhibiting the activity of inflammatory effect can prevent and mitigate ALI/ARDS.

Traditional Chinese Medicine (TCM) has a long history of having unique advantages for treating various diseases, including
ALL’ Tingli Dazao Xiefei Decoction (TDXD) is a TCM classical prescription treatment for lung diseases and consists of two
herbs: Lepidii Semen Descurainiae Semen (Tinglizi) and Jujubae Fructus (Dazao). TDXD clears the lungs, promotes diuresis,
relieves asthma, and promotes expectoration.'® In addition, TDXD was found to significantly improve the prognosis of patients
with ALI featuring severe pulmonary contusion by reducing the inflammatory response, shortening the respiratory rate, and
improving the oxygenation index.'' This TCM also effectively improves pulmonary symptoms and lung function in patients with
pneumonia and reduces circulatory inflammation.'? Consequently, TDXD is recommended by the administrative agency as one of
the treatments for patients who are seriously ill with Coronavirus Disease-2019 (COVID-19)."

Herbal medicines usually have complex compositions and multiple targets, meaning their mechanisms of action can be
difficult to understand.'* Concordant with this observation, limited evidence has been provided to explain the mechanism
underlying the therapeutic effect of TDXD. Recently, several studies have been conducted using a network pharmacology
approach to determine the mechanism of action of TDXD in treating childhood pneumonia, COVID-19, and pulmonary heart
disease.'>”"” However, without experimental validation in those studies, we can only speculate that the mechanism of action of
TDXD in treating various diseases—including ALI might be related to the inhibition of inflammatory responses through several
pathways, such as tumor necrosis factor (TNF), phosphoinositide 3-kinase/protein kinase B (PI3K-/AKT), etc. Consequently, the
findings from such studies need to be further investigated and validated.

In the study, we integrated network pharmacology, molecular docking, and in vitro and in vivo studies to provide
additional reliable evidence for elucidating the potential mechanism of TDXD in ALI treatment.

Materials and Methods

Drugs and Reagents

The TDXD granule used in the animal experiment was purchased from EFang Pharmaceutical Co., Ltd (Foshan, China). The
TDXD used in vitro experiment was obtained from Shuguang Hospital, affiliated with Shanghai University of TCM. The
lyophilized powder was prepared as follows: 45 g of Tinglizi (15 g) and Dazao (30 g) were decocted according to the method in the
literature and then lyophilized, resulting in a powder with a 26.78% yield.'® Dexamethasone (H37021969) was acquired from
Cisen Pharmaceutical Co., Ltd. (Jining, China). Lipopolysaccharide (LPS) O55:B5 (L2880) was obtained from Merck
(Darmstadt, Germany). Primary antibodies against (PI3K; 4249), protein kinase B (AKT; 4691), p-AKT (4060), phosphatase
and tensin homolog (PTEN; 9188), signal transducer and activator of transcription 3 (STAT3; 12,640), p-STAT3 (9145), Janus
kinase 2 (JAK2; 3230), p-JAK2 (4406), B-actin (4970) were obtained from Cell Signaling Technology (Boston, MA, USA).
Protease and phosphatase inhibitor mixture (P1045), RIPA lysis buffer (P0013B), and a secondary antibody against rabbit IgG
(A0208) were obtained from Beyotime Biotechnology (Shanghai, China). Sangon Biotech Co., Ltd (Shanghai, China) synthe-
sized all primers used in the PCR experiment (see Supplementary Table S1 for primer details).

Collection of Drug Compounds and Related Targets
TCMSP, a database platform (https:/tcmsp-e.com/tcmsp.php), and BATMAN-TCM, a bioinformatics analysis platform

(http://bionet.ncpsb.org/batman-tcm/), were used to collect the chemical compounds and drug targets of two herbs in

TDXD, Tinglizi, and Dazao, respectively.'**° Compounds were selected with the following criteria: oral bioavailability
(OB) > 30% and drug-likeness (DL) > 0.18 or score cutoff (> 20 points). Subsequently, the selected compounds were
evaluated as potential active compounds of TDXD.
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Collection of Disease Targets

The keywords “acute lung injury” and “acute respiratory distress syndrome” were used to search four databases: GeneCards
(https://www.genecards.org/), DisGeNET (https:/www.disgenet.org/), TTD (https://db.idrblab.net/ttd/), and CTD database
(https://ctdbase.org/), respectively. All targets of diseases related to ALI were collected and duplicates were removed.

Subsequently, the Wayne diagram (http://www.bioinformatics.com.cn/) was applied to identify the intersection of drug-related

targets and disease-related targets. Overlapping targets were considered candidate key targets for TDXD in ALI treatment.

Screening of Core Targets by Protein—Protein Interaction Network
The STRING database (https://string-db.org/) generated a protein-protein interaction (PPI) network filtered by a PPI
score > 0.9 with hidden disconnected nodes removed. Cytoscape (v3.9.0) was used to visualize and analyze the selected

targets. The significance of network nodes was assessed through a two-step screening process using six topological
parameters: Degree Centrality, Betweenness Centrality, Closeness Centrality, Eigenvector Centrality, Network Centrality,
and Local average connectivity-based method. The criteria are identical in the two-processes steps, and any targets with

values of topological parameters above or equal to the median remain.'”

Enrichment Analyses
Using the Database for Annotation, Visualization and Integrated Discovery (DAVID, https://david.ncifcrf.gov/), the potential core
targets were subjected to Kyoto Encyclopedia of Genes and Genome (KEGG) pathway and Gene Ontology (GO) enrichment

analyses. Twenty representative signaling pathways from KEGG analysis and the top 10 signaling pathways from GO analysis,
including biological processes, cell components, and molecular functions, were selected based on their P-values set at P < 0.05.

Construction of “Herb-Compound-Target-Pathway” Network

Cytoscape (v3.9.0) created a herbs-compound-target-signaling pathway network using potential active compounds, core
targets, and related signaling pathways. Topological parameters of active compounds corresponding to core targets were
analyzed using the Analyze Network function of Cytoscape (v3.9.0). The top 5 compounds, ranked by degree values,
were identified as the essential compounds of TDXD in ALI treatment.

Molecular Docking
The RCSB Protein Data Bank database (http://www.rcsb.org/) was used to obtain the molecular structures of six core targets.

Meanwhile, the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) was used to obtain the molecular structures of the

potential active compounds of TDXD and the positive control, dexamethasone. These targets and compound molecules were
pretreated with PyMOL (v2.5.4) and ADFR (v1.0), respectively. Subsequently, molecular docking simulations were performed
using SailVina (v1.0) to extract the minimum binding energy for molecular docking. The binding energy numerical value reflects
the magnitude of the binding ability and interaction between molecules. Binding energy < 0 kcal/mol usually indicates
spontaneous ligand receptor protein binding, and a binding energy < —1.2 kcal/mol indicates good binding capacity. The best-
bound set of molecular docking results for each group was visualized using PyMOL (v2.5.4).

Animal Experiment

Fifty male C57BL/6J mice aged 68 weeks and weighing 1820 g were purchased from Shanghai Sippe-Bk Lab Animal Co., Ltd.
(Shanghai, China). The mice were assigned to one of five groups at random: normal (normal saline), model (LPS), low-dose of
TDXD (5.85 g/kg), high-dose TDXD (11.7 g/kg), and dexamethasone (Dex) (5 mg/kg), with 10 mice in each group. After one
week of adaptive feeding, the corresponding solution in each group was administered once daily for six consecutive days. On day
7, at 2 hours after administration, the ALI model was stimulated by intraperitoneal injection of LPS (2 mg/mL) in all groups except
the normal group. Samples were taken 8 h after ALI modeling. The daily therapeutic dose of TDXD is approximately 45 g of raw
drug per person (70 kg),?" and the equivalent dose for the mouse was calculated as 5.85 g/kg using the body surface area method.**
Accordingly, the TDXD dosages in the studies were selected as 5.85 and 11.7 g/kg (two folders of equivalent human dose) for low-

dose and high-dose groups, respectively, which are equivalent as those used in rat studies. >
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All mice were kept under a SPF-level barrier system (License No.: SCXK (Shanghai) 2018-0006; Shanghai Laboratory
Animal Quality Certificate: 20180006038718) at the Animal Laboratory Center of Shanghai University of TCM, with suitable
temperature (25-27°C) and humidity (40-60%). All mice were fed water and a chow diet ad libitum before the experiments. The
animal experiment was approved by the Experimental Animal Welfare and Ethics Committee of Shanghai University of
Traditional Chinese Medicine (Ethics No.: PZSHUTCM?220613025). The experiments were conducted in strict adherence to
the guidelines outlined in the Care and Use of Laboratory Animals of the National Institutes of Health for animal experiments.

Hematoxylin—Eosin Staining for Pathological Changes

Hematoxylin-eosin (HE) staining was used to detect pathological changes in lung tissues. The left lung of each mouse
was fixed for 24 h in 4% paraformaldehyde. Next, the fixed tissues were dehydrated in alcohol, rendered transparent, and
embedded in wax. The implanted samples were then cut into paraffin blocks and dewaxed. Pathological changes in lung
tissues were observed using a light microscope with a magnification of 200x.

Enzyme-Linked Immunosorbent Assay

Mouse bronchoalveolar lavage fluid (BALF) was collected according to reported procedures. The withdrawn fluid was
centrifuged at 3000 rpm for 10 min at 4°C. The contents of inflammatory factors such as IL-1p, IL-6, and TNF-a in mouse
alveolar lavage fluid were measured by respective enzyme-linked immunosorbent assay (ELISA) kits (Wei-Ao Biotechnology
Co., Ltd., Shanghai, China) according to the manufacturer’s instruction manuals. The ELISA plates were read with a microplate
reader (BioTek, Winooski, VT) at 450 nm.

CCK-8 Assay

Mouse mononuclear macrophage RAW264.7 cells were purchased from the National Collection of Authenticated Cell Cultures
(Shanghai, China). The cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) containing fetal bovine serum and
10% penicillin-streptomycin in a CO2 incubator at 37°C. RAW264.7 cells in logarithmic growth phase were inoculated into a 96-
well plate for 24 h before treating with different concentrations (0, 50, 100, 200, 400, 600, 800, 1600, and 3200 pg/mL) of TDXD
solution. Cell proliferation was determined by CCK-8 assay (Beyotime Biotechnology Co., Ltd., Shanghai, China) according to
the instruction manual. Using a Benchmark microplate reader (Bio-Rad, Hercules, CA, USA), the absorbance value of each well
was measured at 450 nm. Subsequently, in further experiments, TDXD concentrations of 400, 600, and 800 pg/mL were used for
low-, medium-, and high-dose groups, respectively.

Cell Culture

RAW264.7 cells (2x10° cells/mL) were inoculated into 6-well plates. The cells were classified as follows: normal group, model
group, and TDXD (low, medium, and high doses) groups, and triplicate wells were set up in each group. When the cell confluence
reached 80%-90%, blank culture medium, LPS (1 pg/mL), and different doses of lyophilized powder solution of TDXD (400,
600, and 800 pug/mL) were added to the appropriate wells. After incubation for 24 h, the culture medium was discarded. The cells
were then washed with PBS, collected, and observed under a BH2 microscope (Olympus, Japan).

Real-Time PCR

IL-1p, IL-6, TNF-a, STAT3, and SOCS3 mRNA expression levels in mouse lung tissues and RAW264.7 cells were
determined using real-time PCR (RT-PCR) analysis. Briefly, RNA was extracted from lung tissue and cell samples
according to the instructions of the EZB Kit (RNO0O1-plus, Yingze Biomedical Technology Co., Ltd., Suzhou,
China) and reverse-transcribed to cDNA with a RT kit (RR036A, TAKARA, Tokyo, Japan) following the
instructions of the kit. RT-PCR experiments were then conducted by using a TB Green Kit (RR420A,
TAKARA, Tokyo, Japan) with a LightCycler96 instrument (Roche, Switzerland). The respective gene expressions
were calculated by the 2-**“T method.?® The primer sequences are exhibited in the Supplementary Material-S1.

6198 s Journal of Inflammation Research 2023:16

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=433840.xlsx
https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

Western Blotting

Protein expression levels of PI3K, p-AKT, AKT, PTEN, p-STAT3, STAT3, p-JAK2, and JAK2 in mouse lung
tissues and RAW264.7 cells were detected using Western blotting. Briefly, the protein concentration of homo-
genized samples from mouse lung tissues or RAW264.7 cells was quantified using a BCA kit (ZJ102, Epizyme
Biotech Co., LTD., Shanghai, China) according to the manufacturer’s instructions.’® Protein samples were then
subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). After the processes of
electrophoresis, transfer to polyvinylidene fluoride (PVDF) membranes, and blockage, the corresponding primary
antibody was incubated with the sample overnight at 4°C. The secondary antibody was then incubated at ambient
temperature for 1 h. Proteins were visualized using a Bio-Rad imaging system and an ECL chemiluminescence kit
(POO18FM, Beyotime). ImageJ (v1.47, NIH) software was used to examine grayscale values.

Statistical Methods

Experimental data were presented as mean + standard deviation. GraphPad Prism software (v8.0.2, GraphPad, San
Diego, CA) was used for statistical analysis. One-way analysis of variance (ANOVA) was employed to compare
multiple groups, and Tukey’s test was used for comparisons between two groups. P < 0.05 was considered statistically
significant.

Results

Potential Active Compounds and Targets of TDXD for the Treatment of ALI
Based on the TCMSP and BATMAN-TCM databases, 13 potentially active compounds of Tinglizi and 55 potentially active
compounds of Dazao were identified (Figure 1A and Supplementary Table S2). Furthermore, 104 drug targets for Tinglizi

A B C
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TCMSP-Dazao BATMAN-Tinglizi DisGeNET TTD
1 15
. 16 6
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Figure | Screening of potential targets and core targets of TDXD for the treatment of ALI. (A) Venn diagram of potential targets of TDXD. (B) Venn diagram of potential
targets of ALl disease. (C) Venn diagram of intersection of drug targets and disease-related targets. (D) PPl network diagram of potential targets and core target screening
results of TDXD in the treatment of ALI.
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and 116 drug targets for Dazao were obtained from the TCMSP database, as well as 22 drug targets for Tinglizi and 694 drug
targets for Dazao from the BATMAN-TCM database. After removing duplicates, 769 drug-related targets remained
(Supplementary Table S3). Using GeneCards, DisGeNET, TTD, and CTD databases, 2679, 102, 11, and 177 targets
connected to ALI-related diseases were obtained, respectively. After removing duplicates, 2711 targets associated with ALI-

related diseases were obtained (Figure 1B and Supplementary Table S4). Based on the overlap of drug and disease-related
targets, 311 potential targets of TDXD for the therapy of ALI were identified (Figure 1C and Supplementary Table S5).

PPl Network Establishment and Core Targets Identification

A PPI network was established with the STRING database. First, the corresponding data were imported into Cytoscape,
then, the CytoNCA plugin was used to conduct a two-step process to screen core targets. In the first step, the topological
parameters’ median of > 6 (6, 74.1183, 0.05025314, 0.018699061, 2.8, 3.6, respectively) was employed as the screening
criterion, which yielded 87 targets. In the second step, the same median value (> 6) of the topological parameters (19,
30.619884, 0.5408805, 0.08889559, 8.1, 9.917892, respectively) was used, resulting in the identification of 30 targets as
core targets (Figure 1D and Supplementary Table S6).

KEGG and GO Enrichment Analyses

KEGG analysis for the core targets revealed several closely associated signaling pathways, including the chemokine
signaling pathway, pathways regulating pluripotency of stem cells, the PI3K-AKT signaling pathway, the shigellosis
signaling pathway, and the JAK-STAT signaling pathway (Figure 2A). Among these pathways, the PI3K/AKT/PTEN and
JAK?2/STATS3 signaling pathways were highly ranked; thus, we focused on these pathways and their key molecules, such
as AKT, STAT3, IL-6, PTEN, PIK3R1, and JAK2.

The GO enrichment analysis (Figure 2B) revealed that the core targets were closely associated with several biological
processes, including negative regulation of RNA polymerase II gene promoter transcription, positive regulation of
protein entry into the nucleus, and positive regulation of pre-miRNA transcription. In addition, the cellular compounds
most closely associated with these targets were integrative transcription factors, chromatin, and membrane rafts. The
molecular functions most closely associated with the targets were sequence-specific DNA binding in transcriptional
regulatory regions, transcription factor binding, and RNA polymerase 1I transcription factor activity.

The Network of “Herb-Compound-Target-Pathway” and Key Active Compounds

We used the primary targets, probable active compounds of TDXD, and the related signaling pathways to construct
a herb-compound-target-pathway network (Figure 3). Topological analysis showed that the five compounds with the
highest degree values were MOLO000098 (quercetin), MOLO000358 (B-sitosterol), MOL000422 (kaempferol),
MOLO000354 (isorhamnetin), and MOL000627 (L-stepholidine), respectively (Supplementary Table S7).

Molecular Docking Validation

Molecular docking analysis was performed between the potential active compounds including quercetin, B-sitosterol,
kaempferol, isorhamnetin, and L-stepholidine, and the six core targets AKT1 (PDB: 3CQU), STAT3 (PDB: 6GFA), IL-6
(PDB: 2L3Y), PTEN (PDB: 1D5R), PIK3R1 (PDB: 40VV), and JAK2 (PDB: 2B7A). Dexamethasone was also used as
a positive control. All five active compounds and dexamethasone had good binding affinity with the protein targets
(Table 1). Among the compounds, quercetin had the highest affinity for AKT1 and STAT3, B-sitosterol had the highest
affinity for IL-6, dexamethasone had the highest affinity for PTEN, quercetin had the highest affinity for PIK3R1, and
kaempferol had the highest affinity for JAK2. The binding interaction patterns of each pair of molecules and targets are
shown in Figure 4.

Experimental Validation

Following intraperitoneal injection of LPS, HE staining of mouse lung tissues revealed interstitial pneumonia and edema
around small blood vessels in the lung. This lung injury was improved with TDXD, with the most significant
improvement observed in the TDXD high-dose group (Figure 5A). The ELISA results showed that the levels of
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Figure 2 Enrichment analysis and drug-compound-target-pathway network diagram. (A) KEGG pathway enrichment bubble diagram. (B) GO enrichment analysis bubble
diagram.
Abbreviations: BP, biological process; CC, cellular components; MF, molecular function.

inflammatory cytokines IL-1B, IL-6, and TNF-a in mouse BALF increased after the administration of LPS (P < 0.01).
However, after the administration of TDXD, the levels of these inflammatory factors were reduced (P < 0.05), with the
most significant reduction detected in the high-dosage group (Figure 5B).
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Figure 3 Drug-compound-target-pathway network diagram. Green rectangles represent traditional Chinese medicines, blue diamonds represent active ingredients, purple
ovals represent core targets, yellow inverted triangles represent signaling pathways.

The qPCR experiments demonstrated that IL-6, TNF-a, STAT3, and SOCS3 mRNA expression in mouse lung
tissues was significantly elevated after intraperitoneal injection of LPS (P < 0.01) (Figure 6A). Conversely,
administration of TDXD reduced the expression of IL-6, TNF-a, STAT3, and SOCS3 mRNA (P < 0.01), with the

Table | Docking and Binding Capability of Five Potential Active Compounds to Each
Core Target Protein (Kcal/Mol)

AKTI STAT3 IL-6 PTEN PIK3RI JAK2
Quercetin —9.5% —9.3* =79 =77 —6.5% -89
B-sitosterol =5.1 -8.2 —8.6* -7.2 -5.9 -6.7
Kaempferol -9.3 -89 -8.1 —7.6 —6.2 —9.0%
Isorhamnetin 94 -9.2 -7.6 -7.6 —6.1 -9.0
Stepholidine -8.0 -8.8 -8.5 -7.9 -6.3 -8.7
Dexamethasone -5.0 -9.3 -74 —8.2% —6.2 -5.9

Notes: *Indicates an active compound that has the optimal binding capability for each core target protein.
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Figure 4 Representative docking pattern between six core targets and their optimal binding active compounds. (A) AKT| and quercetin; (B) STAT3 and quercetin; (C) IL-6
and f-sitosterol; (D) PTEN and dexamethasone; (E) PIK3R1 and quercetin; (F) JAK2 and kaempferol.

most significant reduction observed at high doses. Additionally, Western blot analysis showed a decrease in
PTEN protein expression (P < 0.05), and increases in PI3K, p-AKT/AKT, p-STAT3/STAT3, and p-JAK2/JAK2
protein expression or the protein expression ratio (P < 0.05) in lung tissues of ALI model mice. Furthermore,
administration of TDXD increased PTEN protein expression while decreasing PI3K, p-Akt/AKT, p-STAT3/
STAT3, and p-Jak2/JAK2 protein expression or the ratio of protein expression (P < 0.05) (Figure 6B). These
findings suggested that TDXD might alleviate LPS-induced lung inflammation and lung injury in mice by down-
regulating PI3K/AKT/PTEN and JAK2/STAT3 signaling pathways.

In the CCK-8 assay, the lyophilized powder of TDXD did not have a significant inhibitory effect on cells at
concentrations ranging from 0 to 1600 pg/mL. Therefore, concentrations of 400, 600, and 800 pg/mL were
selected as the concentrations administered to low-, medium-, and high-dose groups for cellular experiments
(Figure 7A). The qPCR results indicated that IL-1B, IL-6, and TNF-o mRNA expression increased in cells
following LPS administration (P < 0.01). Conversely, the administration of TDXD lowered the expression of IL-
1B, IL-6, and TNF-o mRNA in RAW264.7 cells (P < 0.05) in a dose-dependent manner (Figure 7B).
Additionally, Western blot analysis revealed that macrophage PI3K, p-AKT/AKT, p-STAT3/STAT3, and
p-JAK2/JAK2 protein levels or protein levels ratio increased (P < 0.05), and PTEN protein levels decreased
(P < 0.05) following LPS administration. In contrast, PI3K, p-AKT/AKT, p-STAT3/STAT3, and p-JAK2/JAK2
protein expression or the ratio of protein expression decreased (P < 0.05), and PTEN protein expression
increased (P < 0.05) in all groups of cells following the administra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>