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ABSTRACT 

Sichen (SC) formula, a well-known Tibetan medicinal preparation, has been traditionally applied to treat 

respiratory ailments in Tibet due to its anti-inflammatory potential. This study aimed to systematically investigate 
its anti-inflammatory effects and the molecular mechanisms involved. The chemical profile of SC was analyzed 

using HPLC. An acute lung injury (ALI) model in mice was established by intratracheal administration of 

lipopolysaccharide (LPS), with subsequent collection of bronchoalveolar lavage fluid (BALF) and lung tissues 

for analysis. RAW264.7 macrophages were also exposed to LPS in vitro. Inflammatory cytokine levels were 

measured by ELISA, while protein expression and localization were evaluated using Western blot, 

immunohistochemistry, and immunofluorescence for NF-κB, AP-1, and IRF3.In LPS-induced ALI mice, SC 

significantly reduced BALF levels of TNF-α, IL-6, IL-1β, MCP-1, MIP-1α, and RANTES, and limited 

macrophage infiltration. SC treatment also decreased the expression of CD68, TLR4, and phosphorylated p65 in 

lung tissues. In RAW264.7 macrophages, SC up to 400 μg/mL did not affect viability but dose-dependently 

suppressed inflammatory mediators including nitric oxide, prostaglandin E2, and multiple cytokines. SC inhibited 

the activation of key signaling proteins, including iNOS, COX-2, p-p38, p-JNK, p-ERK, p-TBK1, p-IKKα/β, p-

IκB, p-p65, p-c-Jun, and p-IRF3, and blocked nuclear translocation of NF-κB, AP-1, and IRF3.SC exerts potent 
anti-inflammatory effects in both LPS-induced ALI mice and LPS-stimulated macrophages, likely through 

modulation of the TLR4 signaling pathway. These findings provide experimental evidence supporting the 

therapeutic application of SC in respiratory inflammatory disorders. 
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Introduction 

Acute lung injury (ALI) and its severe form, acute respiratory distress syndrome (ARDS), are characterized by 

extensive lung inflammation, involving damage to the alveolar epithelium and endothelium, platelet deposition, 

and leukocyte aggregation [1]. ALI can rapidly progress to respiratory failure and is associated with high 

mortality. Its etiology includes sepsis, pneumonia, aspiration, and trauma [2, 3]. ALI/ARDS remains a leading 

cause of morbidity in intensive care units, with hospital mortality rates around 40% [4]. Current management 

primarily relies on supportive care and pharmacologic interventions, with mechanical ventilation being essential 

for maintaining oxygenation and carbon dioxide removal, as no definitive pharmacological therapy exists [5]. 

Corticosteroids are commonly used to improve gas exchange and hemodynamic stability; however, long-term use 

carries risks of adverse effects such as hyperglycemia and infections [6]. Therefore, safe and effective therapeutic 

options to halt or reverse ALI progression are urgently needed. 

Macrophages are key players in innate immunity, responsible for clearing inhaled particles and pathogens, and 

they contribute significantly to ALI pathogenesis [7]. These cells recognize endogenous danger signals, such as 

lipopolysaccharide (LPS) from Gram-negative bacteria, via Toll-like receptor 4 (TLR4) [8]. TLR4 activation 

triggers intracellular signaling cascades, leading to phosphorylation of the IκB and IKK complex and subsequent 

nuclear translocation of NF-κB [9]. Additional kinases, including JNK, p38 MAPK, and ERK, activate AP-1, 
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while TLR4 also phosphorylates TBK1, which in turn activates IRF3, promoting its dimerization and nuclear 

translocation [10, 11]. These transcription factors drive the production of pro-inflammatory cytokines and 

chemokines, amplifying lung injury. Hence, inhibition of TLR4 signaling represents a promising therapeutic 

approach for ALI. 

Sichen (SC) formula, a traditional Tibetan medicine, consists of Radix Phlomii, Rhizoma Bergeniae, Herba 

Artemisiae scoparae, and Radix Glycyrrhizae in a 1.5:1:2:2 ratio. It has long been used to clear heat, relieve cough, 

and reduce phlegm [12]. Clinically, SC has been employed to treat respiratory conditions, including infections, 

chronic bronchitis, and asthma [13, 14]. Despite its therapeutic use, limited research has examined SC’s effects 

on ALI, and the mechanisms underlying its action remain unclear. In this study, we established an LPS-induced 

ALI mouse model to evaluate SC’s anti-inflammatory properties and utilized LPS-stimulated RAW264.7 

macrophages to investigate the molecular mechanisms involved. 

Materials and Methods 

Materials 

Lipopolysaccharide (LPS, Escherichia coli O55:B5), MTT, modified Griess reagent, and Wright stain solution 

were obtained from Sigma-Aldrich (St. Louis, MO, USA). Penicillin–streptomycin solution was purchased from 

Caisson Labs (Smithfield, UT, USA), and fetal bovine serum (FBS) from Biological Industries (Beth-Haemek, 

Israel). Dexamethasone was sourced from Tianjin Lisheng Pharmaceutical Co., Ltd., and DMEM from Corning 

Cellgro (Manassas, VA, USA). ELISA kits for TNF-α, IL-6, IL-1β, MIP-1α, MCP-1, and RANTES were 

purchased from Thermo Fisher Scientific (San Diego, CA, USA), and a PGE2 ELISA kit from Enzo Life Sciences 

(Exeter, UK). 

Primary antibodies against CD68, TLR4, GAPDH, and phospho-NF-κB p65 for immunohistochemistry were 

obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies against IKKβ and Sp1 were from 

Proteintech (Rosemont, USA), while anti-IRF3, iNOS, anti-mouse IgG, and HRP-conjugated secondary 

antibodies were purchased from Abcam (Cambridge, UK). Phospho-IRF3 antibody was obtained from ABNOVA 

(Taiwan, China). Antibodies for NF-κB p65, phospho-p65, c-Jun, phospho-c-Jun, COX-2, IκBα, phospho-IκBα, 

phospho-IKKα/β, ERK, phospho-ERK, JNK, phospho-JNK, p38 MAPK, phospho-p38, TBK1, phospho-TBK1, 

β-actin, anti-rabbit IgG-HRP, and Alexa Fluor 488 secondary antibody were supplied by Cell Signaling 

Technology (Boston, MA, USA). Stripping buffer was purchased from Solarbio (Beijing, China). Reference 

standards including chlorogenic acid, bergenin, and ammonium glycyrrhizate were provided by the National 

Institutes for Food and Drug Control. 

Preparation of Sichen (SC) formula 

The herbal components of SC, including Radix Phlomii, Rhizoma Bergeniae, Herba Artemisiae scoparae, and 

Radix Glycyrrhizae, were obtained from the Tibetan Traditional Medical College and authenticated by Prof. Ci-

Ren Nima. Voucher specimens were deposited at the Department of Pharmacology, School of Chinese Medicine, 

Beijing University of Chinese Medicine. The air-dried crude herbs (Radix Glycyrrhizae: Herba Artemisiae 

scoparae: Radix Phlomii: Rhizoma Bergeniae = 4:4:3:2, totaling 6500 g) were extracted three times via reflux 

with eightfold volumes of water for 1.5 h per extraction. The combined extracts were concentrated under reduced 

pressure at 90°C and vacuum-dried at 70°C to obtain SC powder. 

HPLC characterization of SC 

SC powder was sonicated in 50% methanol for 30 min and filtered prior to analysis. The levels of bergenin, 

chlorogenic acid, and ammonium glycyrrhizate were quantified using a Shimadzu LC-20A HPLC system 

(Shimadzu, Japan) equipped with an Acclaim™ 120 C18 column (4.6 mm × 250 mm, 5 μm; Thermo Fisher 

Scientific, USA) at 20°C. The mobile phase consisted of acetonitrile (solvent A) and 0.1% phosphoric acid water 

(solvent B) using a gradient program (0–16 min, 4–8% A; 16–30 min, 8–9% A; 30–50 min, 9–16% A; 50–70 min, 

16–17% A; 70–73 min, 17–20% A; 73–93 min, 20–28% A; 93–105 min, 28–43% A; 105–120 min, 43–50% A) 

at 0.8 mL/min. Detection was performed at 254 nm with a 10 μL injection volume. 

Molecular docking 
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The crystal structure of TLR4 (PDB ID: 2Z66) was retrieved from the Protein Data Bank. Ligands and water 

molecules were removed using PyMOL. Structures of bergenin, chlorogenic acid, and ammonium glycyrrhizate 

(with ammonium removed) were obtained from PubChem and prepared with hydrogen atoms using AutoDock 

Vina. Rigid docking simulations were conducted with AutoDock Vina, and hydrogen bonds and bond lengths 

were analyzed and visualized using PyMOL [15]. 

Animal model of ALI 

Male BALB/c mice (18–22 g) were purchased from SPF Biotechnology Co., Ltd (Beijing, China) and maintained 

at the Department of Pharmacology, School of Chinese Materia Medica, Beijing University of Chinese Medicine. 

Animals were housed under standard conditions (12 h light/dark cycle, 20–22°C, 50–55% humidity) with ad 

libitum access to food and water. All experiments were approved by the University Committee on Research 

Practice and followed NIH guidelines for animal care. Mice were randomly assigned to six groups (n = 10 each): 

(1) control, (2) model, (3) SC 2.7 g/kg/d, (4) SC 5.4 g/kg/d, (5) SC 10.8 g/kg/d, and (6) dexamethasone 1.8 

mg/kg/d. Treatments were administered intragastrically for five consecutive days, while control and model groups 

received PBS. Eighteen hours after the final dose, mice were anesthetized with sodium pentobarbital (50 mg/kg) 

and given intratracheal LPS (125 μg/mouse) or PBS. After 18 h, bronchoalveolar lavage fluid (BALF) was 

collected by instilling 0.3 mL PBS into the right lung three times. BALF was centrifuged at 2000 ×g for 8 min at 

4°C; the cell pellet was resuspended for total and differential cell counts, while supernatants were stored at −80°C. 

Left lung tissues were collected for subsequent analyses. 

Histological examination 

Lung tissue samples were fixed in 10% neutral buffered formalin, embedded in paraffin, and sectioned at 5 μm. 

Sections were stained with hematoxylin and eosin and examined under a Nikon Eclipse Ts2R microscope at 200× 

magnification. Pathological scoring included goblet cell hyperplasia, hemorrhage, and inflammatory cell 

infiltration (0–4 scale), with cumulative scores representing total tissue injury [16]. Ten samples per group were 

evaluated. 

Immunohistochemistry 

Paraffin lung sections were deparaffinized, rehydrated, and subjected to citric acid antigen retrieval for 45 min. 

After hydrogen peroxide blocking, slides were incubated with primary antibodies against CD68, TLR4, or 

phospho-p65 for 2 h at room temperature, followed by biotinylated goat anti-mouse IgG for 20 min and DAB 

chromogenic detection. Sections were counterstained with hematoxylin, dehydrated, and imaged. Positive staining 

areas were quantified with Image-Pro Plus 5.1 (three images per slice, ten slices per group). 

Cell culture and viability assay 

RAW264.7 macrophages were maintained in DMEM with 10% FBS and antibiotics at 37°C under 5% CO2. Cells 

were seeded at 6 × 10^3 cells/well in 96-well plates and treated with SC (6.25–400 μg/mL) ± LPS (1 μg/mL) for 

24 h. Cell viability was determined using MTT assay, measuring absorbance at 570 nm. Six replicates per 

condition were performed. 

Measurement of inflammatory mediators 

RAW264.7 cells were seeded at 2 × 10^5 cells/well in 24-well plates, pretreated with SC (50–400 μg/mL) for 1 

h, and exposed to LPS (1 μg/mL) for 24 h. Levels of TNF-α, IL-6, IL-1β, MCP-1, MIP-1α, RANTES, and PGE2 

were quantified using ELISA kits, while nitric oxide was measured using Griess reagent. Four replicates were 

used per condition; BALF samples (n = 7–8 per group) were analyzed similarly. 

Western blot analysis 

RAW264.7 cells or lung tissue samples were lysed in RIPA buffer, and nuclear/cytoplasmic fractions were 

separated using a nuclear extraction kit. Proteins (40 μg) were separated by 10% SDS-PAGE, transferred to PVDF 

membranes, and blocked with 5% milk in TBST. Membranes were incubated overnight with primary antibodies, 

followed by HRP-conjugated secondary antibodies for 1 h. Bands were visualized using enhanced 

chemiluminescence and quantified with ImageJ, normalized to β-actin, GAPDH, or Sp1. Six lung tissue samples 

and five cell samples per group were analyzed [17]. 
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Immunofluorescence staining 

To evaluate the nuclear translocation of key transcription factors NF-κB, AP-1, and IRF3, immunofluorescence 

staining was performed following previously established protocols [18]. RAW264.7 cells (1 × 10^4) were seeded 

onto chamber slides for 24 hours. Cells were pretreated with SC (200 or 400 μg/mL) for 1 hour, followed by LPS 

stimulation (1 μg/mL) for 30 minutes. Cells were then fixed with 4% formaldehyde in PBS for 15 minutes, 

permeabilized with 0.25% Triton X-100 at 37°C for 30 minutes, and blocked with 2% BSA for 1 hour. Primary 

antibodies were applied overnight at 4°C, followed by incubation with fluorescently labeled goat anti-rabbit 

secondary antibodies for 1 hour at room temperature, with three washes using PBST. Nuclear DNA was stained 

with DAPI (YESEN, Shanghai, China). Imaging was performed on a Nikon A1R confocal microscope. 

Quantitative analysis of nuclear fluorescence was carried out on 50 cells per group using ImageJ software. Nuclear 

regions were defined as regions of interest (ROIs), and mean fluorescence intensity within these ROIs was 

calculated to assess transcription factor localization. 

Statistical analysis 

All measurements are presented as mean ± SEM. Statistical analyses were conducted using GraphPad Prism 9.0. 

Normality was assessed with the Shapiro–Wilk test for sample sizes >5, or QQ plots for n ≤ 5. For normally 

distributed data with equal variances, one-way ANOVA was applied. Datasets showing unequal variances were 

analyzed using Brown-Forsythe and Welch ANOVA tests. Non-normally distributed data were analyzed with the 

Kruskal–Wallis test. Differences were considered significant at p < 0.05. 

Results and Discussion 

Quality control and molecular docking of sichen formula 

HPLC profiling confirmed the presence of three major active constituents in SC: bergenin from Rhizoma 

Bergeniae, chlorogenic acid from Herba Artemisiae scoparae, and ammonium glycyrrhizate from Radix 

Glycyrrhizae [19–21]. Quantitative analysis revealed concentrations of 36.8 mg/g, 14.34 mg/g, and 22.46 mg/g 

for bergenin, chlorogenic acid, and ammonium glycyrrhizate, respectively (Figures 1a–1d). Molecular docking 

studies indicated that these components interact with TLR4 with binding energies of −4.46, −2.87, and −3.62 

kcal/mol, respectively (Figure 1e). Bergenin formed hydrogen bonds with residues GLN-436, HIS-566, ASP-

596, SER-589, and LEU-56, while chlorogenic acid engaged SER-39, LYS-62, GLN-562, and GLU-536. 

Ammonium glycyrrhizate interacted via ASP-395 and LYS-388. These docking results suggest that SC 

components can directly bind TLR4, implying a potential mechanism for SC-mediated suppression of TLR4-

driven inflammatory pathways. 

 

  
a) b) 

  

c) d) 
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e) 

Figure 1. HPLC Profiling of SC Components and Their Interaction with TLR4 

HPLC analysis of SC dissolved in 50% methanol revealed the presence of three major bioactive constituents: 

bergenin, chlorogenic acid, and ammonium glycyrrhizate, as shown in panels a–d. Peaks 1, 2, and 3 

correspond to bergenin, chlorogenic acid, and ammonium glycyrrhizate, respectively. Molecular docking 

studies (e) were performed using AutoDock Vina with the crystal structure of TLR4 (PDB code: 2Z66), and 

the interactions were visualized in PyMOL. Hydrogen bonding interactions are indicated by yellow dashed 

lines. 

 

SC treatment mitigates LPS-Induced lung injury and inflammatory responses in mice 

To evaluate the protective effects of SC against ALI, an LPS-induced mouse model was established. 

Histopathological examination revealed that LPS exposure caused extensive infiltration of inflammatory cells, 

thickening of alveolar walls, and disruption of alveolar epithelial tight junctions. Pretreatment with SC 

substantially alleviated these histological abnormalities, as reflected by lower pathological scores compared to the 

LPS-only group (Figure 2a). 

LPS administration significantly increased total immune cell counts in BALF, promoting the recruitment of 

macrophages and neutrophils to the bronchoalveolar spaces. SC at 10.8 g/kg effectively reduced macrophage 

infiltration induced by LPS (Figure 2b). Consistent with these findings, immunohistochemistry demonstrated an 

elevated CD68-positive area in lung tissues following LPS challenge, which was markedly reduced in SC-treated 

mice, indicating diminished macrophage accumulation (Figure 2c). 

Furthermore, SC treatment suppressed the LPS-induced release of pro-inflammatory cytokines (TNF-α, IL-1β, 

IL-6) and chemokines (MCP-1, MIP-1α, RANTES) in BALF (Figure 2d). Western blot and 

immunohistochemical analyses revealed that SC also downregulated the expression of TLR4 and phosphorylated 

NF-κB p65 in lung tissues from LPS-exposed mice (Figure 3), suggesting that SC may exert its anti-inflammatory 

effects by modulating the TLR4 signaling pathway. 

 

 
a) 
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b) 

 
c) 

 
d) 

Figure 2. SC reduces lung inflammation in LPS-challenged mice. 

BALB/c mice received oral pretreatment for five days with SC at doses of 2.7, 5.4, or 10.8 g/kg, or 

dexamethasone (1.8 mg/kg), followed by intratracheal LPS administration (125 μg/mouse) for 18 hours. 

(a) Representative hematoxylin and eosin-stained lung sections. Tissue damage, including alveolar 

thickening, inflammatory infiltration, and structural disruption, was scored semi-quantitatively (right panel, n 

= 10/group; Kruskal–Wallis with Dunn’s post hoc test). 

(b) Wright-stained BALF cytospin preparations. Total cell numbers were determined by hemocytometer (n = 

10/group; Brown-Forsythe and Welch ANOVA with Dunnett’s T3 test). Differential counts of macrophages, 

neutrophils, and lymphocytes were assessed under 400× magnification (n = 10/group). Red arrowheads 

highlight macrophages (M), neutrophils (N), and lymphocytes (L). 

(c) Immunohistochemical detection of CD68 in lung tissue. The area of CD68-positive staining was 

quantified to reflect macrophage accumulation (n = 10/group; Kruskal–Wallis with Dunn’s post hoc). 

(d) Concentrations of cytokines (TNF-α, IL-6, IL-1β) and chemokines (MCP-1, MIP-1α, RANTES) in BALF 

measured by ELISA (n = 7–8/group). Statistical tests: Kruskal–Wallis for TNF-α, IL-6, IL-1β, MCP-1, and 

MIP-1α; one-way ANOVA with Fisher’s LSD for RANTES. 

Data are shown as mean ± SEM. **p < 0.01 compared to control; #p < 0.05, ##p < 0.01 compared to LPS 

model group. 
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a) 

 
b) 

Figure 3. SC suppresses TLR4 and p-p65 signaling in LPS-induced ALI. 

(a) Lung tissue sections from LPS-challenged mice were stained for TLR4 and phosphorylated p65. 

Quantitative analysis of positively stained areas was conducted (n = 10/group; TLR4, Brown-Forsythe and 

Welch ANOVA; p-p65, Kruskal–Wallis test). 

(b) Western blot analysis of lung tissue lysates showing TLR4 and phospho-p65 levels, with β-actin as the 

loading control. Densitometry data are presented as mean ± SEM (n = 6/group, unpaired two-tailed t-test). 

Significance: *p < 0.05, **p < 0.01 versus control; #p < 0.05, ##p < 0.01 versus LPS-only group 

SC reduces inflammatory mediator production in LPS-stimulated RAW264.7 macrophages 

To examine SC’s effect on macrophage-mediated inflammation, RAW264.7 cells were exposed to LPS in the 

presence or absence of SC. Cell viability assays indicated that SC at concentrations up to 400 μg/mL did not 

impair macrophage survival, confirming its non-toxic profile (Figure 4a). Consequently, SC concentrations 

ranging from 50 to 400 μg/mL were selected for functional studies. 

Exposure to LPS led to a pronounced increase in nitric oxide (NO) and prostaglandin E2 (PGE2). Treatment with 

SC effectively reduced the production of both mediators in a dose-dependent manner (Figures 4b and 4c). 

Similarly, SC lowered the LPS-induced upregulation of iNOS and COX-2, the key enzymes responsible for NO 

and PGE2 synthesis (Figure 4d). 

In addition, SC markedly decreased the release of IL-6 and chemokines, including MCP-1, MIP-1α, and 

RANTES, following LPS stimulation. TNF-α levels were reduced by SC, although the decrease was not 

statistically significant (Figure 4e). These results indicate that SC can dampen LPS-triggered inflammatory 

responses in macrophages without affecting cell viability. 
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a) b) c) 

 
d) 

 
e) 

Figure 4. SC attenuates inflammatory mediator release in RAW264.7 macrophages stimulated with LPS 

RAW264.7 cells were exposed to SC (50–400 μg/mL) for 1 hour prior to stimulation with 1 μg/mL LPS for 

24 hours. SC showed no cytotoxicity at concentrations up to 400 μg/mL (n = 6), allowing assessment of its 

anti-inflammatory effects. 

SC treatment significantly reduced the production of nitric oxide and prostaglandin E2 in a dose-dependent 

manner, corresponding to a decrease in iNOS and COX-2 protein levels (n = 4–5). Pro-inflammatory cytokines 

and chemokines, including IL-6, MCP-1, MIP-1α, and RANTES, were also suppressed after SC exposure. 

Although TNF-α secretion was slightly lowered, this reduction was not statistically significant compared to LPS-

only treated cells. 

SC modulates TLR4 signaling to limit inflammation in LPS-stimulated macrophages 

Given the central role of TLR4 in driving inflammatory responses, the impact of SC on this pathway was 

examined. LPS stimulation strongly activated key transcription factors, including NF-κB (p65), AP-1 (c-Jun), and 

IRF3, as shown by increased phosphorylation and nuclear translocation. SC pretreatment dose-dependently 

inhibited these activation events. 
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Additionally, LPS induced phosphorylation of MAPK pathway proteins ERK, p38, and JNK, as well as upstream 

regulators IκBα, IKKα/β, and TBK1. SC effectively suppressed these phosphorylation events, indicating that it 

can block both upstream and downstream components of the TLR4-mediated signaling cascade. Collectively, 

these results suggest that SC mitigates inflammatory responses by interfering with TLR4-driven intracellular 

signaling in macrophages. 

 

 

a) 

 
b) 

Figure 5. SC suppresses TLR4-mediated signaling in LPS-activated RAW264.7 macrophages 

RAW264.7 cells were pretreated with SC at 200 or 400 μg/mL for 1 hour, followed by LPS stimulation (1 

μg/mL) for 30 minutes. Western blot analysis revealed that LPS markedly increased phosphorylation of key 

signaling proteins, including MAPKs (p38, JNK, ERK), AP-1 (c-Jun), NF-κB pathway components (IKK, 

IκBα, p65), TBK1, and IRF3. Pretreatment with SC dose-dependently reduced phosphorylation of these 

proteins, while total protein levels remained largely unchanged (n = 5). These results indicate that SC can 

interfere with both upstream and downstream elements of the TLR4 signaling cascade. 

SC prevents nuclear translocation of NF-κB, AP-1, and IRF3 

The nuclear migration of transcription factors NF-κB, AP-1, and IRF3 is essential for initiating pro-inflammatory 

gene expression in response to LPS. Immunofluorescence imaging showed that LPS triggered pronounced nuclear 
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accumulation of p65, c-Jun, and IRF3, whereas SC pretreatment markedly diminished this nuclear localization in 

a concentration-dependent manner (Figure 6a). Consistently, Western blot analysis of nuclear and cytoplasmic 

fractions confirmed that SC reduced nuclear levels of p65, c-Jun, and IRF3 without affecting their cytoplasmic 

expression (Figure 6b). Collectively, these findings suggest that SC attenuates inflammatory responses by 

preventing nuclear translocation of key transcription factors downstream of TLR4. 

 

 

a) 

 

b) 

Figure 6. SC inhibits nuclear translocation of NF-κB, AP-1, and IRF3 in LPS-treated RAW264.7 

macrophages 

RAW264.7 cells were pretreated with SC at 200 or 400 μg/mL for 1 hour before exposure to 1 μg/mL LPS 

for 30 minutes. (a) Immunofluorescence staining revealed that LPS promoted nuclear accumulation of NF-κB 

subunit p65, AP-1 subunit c-Jun, and IRF3. SC pretreatment reduced the nuclear localization of these 

transcription factors in a dose-dependent manner. Scale bars: 17 μM for c-Jun and IRF3, 50 μM for p65. 

Quantitative analysis was performed on 50 cells per group using ImageJ (Kruskal–Wallis test with Dunn’s 

post hoc test). (b) Western blotting of nuclear and cytoplasmic fractions confirmed that SC reduced the 
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nuclear levels of p65, c-Jun, and IRF3 without altering their cytoplasmic abundance. Sp1 and GAPDH were 

used as loading controls. Relative protein expression is shown (n = 5, one-way ANOVA with Dunnett’s post 

hoc test). Data are expressed as mean ± SEM. **p < 0.01 vs. control; #p < 0.05, ##p < 0.01 vs. LPS 

 

ALI represents a spectrum of pulmonary alterations triggered by diverse forms of lung injury, often leading to 

poor clinical outcomes and, in severe cases, life-threatening respiratory failure [3]. Current pharmacological 

treatments for ALI remain unsatisfactory due to significant side effects and high cost. Traditional Tibetan 

medicines or formulas may offer promising sources of safe and effective therapeutic agents [22], particularly for 

respiratory disorders such as ALI [23]. In this study, we demonstrated that SC, a classical Tibetan herbal 

prescription used for acute and chronic respiratory illnesses, mitigated LPS-induced inflammatory responses both 

in vivo and in vitro. Several constituents of SC—such as bergenin, chlorogenic acid, and monoammonium 

glycyrrhizinate—have previously been reported to possess anti-inflammatory properties [24–26]. Our docking 

analysis also showed that these compounds can bind to TLR4, suggesting that the anti-inflammatory activity of 

SC may be partly attributable to these bioactive components. Further investigations will focus on identifying the 

primary active ingredients responsible for SC’s anti-inflammatory effects. 

Alveolar macrophages are central to the release of inflammatory mediators that recruit neutrophils, monocytes, 

and other immune effector cells into the lung, especially during acute and chronic respiratory infections, ultimately 

causing alveolar epithelial damage and impaired lung function [27]. Our preliminary findings indicated that SC 

markedly reduced airway hyperresponsiveness in rats with chronic bronchitis (data not shown), implying a 

potential protective effect on lung performance. Using the LPS-induced ALI mouse model, we observed that SC 

significantly decreased the levels of inflammatory cytokines (TNF-α, IL-6, IL-1β) and chemokines (MCP-1, MIP-

1α, RANTES) in BALF. Histological evaluation with HE and Wright staining also revealed that SC treatment 

reduced alveolar inflammatory cell infiltration, particularly macrophages. Moreover, SC administration reduced 

CD68 expression, a macrophage-specific surface marker [28], further supporting its role in suppressing 

macrophage activation following LPS exposure. These findings suggest that the anti-inflammatory mechanism of 

SC is closely linked to its inhibitory effects on macrophage activation. 

TLR4 signaling, activated by ligands such as LPS, plays a major role in the onset and progression of ALI [29]. 

This pathway triggers two downstream cascades—MyD88-dependent and TRIF-dependent—both of which lead 

to the nuclear activation of NF-κB, AP-1, and IRF3, driving the transcription of pro-inflammatory genes including 

TNF-α, IL-6, IL-1β, MCP-1, MIP-1α, and RANTES [29]. In our LPS-induced ALI model, SC decreased TLR4 

recruitment and NF-κB phosphorylation, indicating that SC may interfere with TLR4-mediated signaling. To 

verify this, we tested SC in RAW264.7 macrophages. Consistent with the in vivo findings, SC inhibited LPS-

induced release of inflammatory mediators—NO, PGE2, IL-6, MCP-1, MIP-1α, and RANTES. Since iNOS and 

COX-2 are key enzymes responsible for NO and PGE2 production, respectively [30], the reduction in their 

expression following SC treatment suggests that SC inhibits these mediators by suppressing iNOS and COX-2 

activity. Collectively, these data support the anti-inflammatory potential of SC in LPS-challenged macrophages. 

Additionally, SC prevented phosphorylation of NF-κB, AP-1, and IRF3 and inhibited their nuclear translocation, 

indicating suppression of TLR4-linked inflammatory signaling. Because NF-κB activation is regulated by the IKK 

complex and subsequent IκB degradation [31], we examined upstream components and observed decreased levels 

of phosphorylated IKKα/β, IκBα, and p65 following SC treatment. SC also reduced nuclear p65 accumulation, 

suggesting inhibition of the TLR4/IKKα/β/NF-κB pathway. TLR4 activation also stimulates MAPKs (p38, ERK, 

JNK), leading to AP-1 activation [32]. Our results showed that SC inhibited the phosphorylation of these MAPKs, 

decreased phosphorylated c-Jun, and reduced its nuclear translocation, indicating suppression of the 

TLR4/MAPK/c-Jun signaling axis. Furthermore, since TBK1 phosphorylates IRF3, enabling its dimerization and 

nuclear entry [33], the observed reduction in phosphorylated TBK1 and IRF3 levels, along with reduced nuclear 

IRF3, demonstrates that SC also blocks the TLR4/TBK1/IRF3 pathway. 

This study has limitations. First, the in vitro analysis of inflammatory mediators involved a small sample size (n 

= 4), as disruptions in ELISA kit supply during the COVID-19 pandemic prevented timely repetition. Second, 

SC’s effects on lung function parameters—such as airway resistance—in the LPS-induced ALI model remain to 

be evaluated. Third, adoptive macrophage transfer experiments are needed to more clearly define how SC 

suppresses macrophage-mediated inflammation. These investigations will be integrated into future studies to 

further validate SC’s therapeutic potential for pulmonary inflammatory diseases. 
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Conclusion 

Overall, our findings demonstrate that SC significantly attenuates inflammatory responses in both LPS-induced 

ALI mice and LPS-stimulated RAW264.7 macrophages. This protective effect appears to involve inhibition of 

TLR4-mediated signaling cascades, resulting in reduced secretion of inflammatory mediators by immune cells 

such as macrophages. These results offer pharmacological support for the application of SC in treating pulmonary 

inflammation associated with various respiratory disorders. 
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