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Article 
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Abstract: Exposure to particulate matter (PM) causes considerable breathing-related health risks. 

We assessed the inhibitory effect of Siraitia grosvenorii extract (SGE) on airway inflammation in mice 

exposed to a fine dust mixture of PM10 (PM diameter < 10 mm) and diesel exhaust particles (DEPs) 

known as PM10D. SGE attenuated neutrophil infiltration and the number of immune B and T cells 

in lung tissue and bronchoalveolar lavage fluid (BALF) of PM10D-exposed mice. SGE reduced the 

secretion of cytokines and chemokines, including interleukin (IL)-1a, tumor necrosis factor (TNF)- 

a, IL-17, chemokine (C-X-C motif) ligand (CXCL)-1, and macrophage inflammatory protein (MIP)-2 

in BALF. Airway inflammation, accumulation of inflammatory cells, and collagen fibrosis in the 

lung after PM10D exposure were investigated by histopathological analysis, and SGE treatment 

ameliorated these symptoms. SGE decreased the mRNA expression of mucin 5AC (MUC5AC), 

CXCL-1, TNF-a, MIP-2, and transient receptor potential vanilloid and ankyrin 1 ion channels in the 

lung tissues of mice. Furthermore, SGE ameliorated mitogen-activated protein kinase 

(MAPK)/nuclear factor-kappa B (NF-κB) signaling activated by PM10D in mice. We conclude that 

SGE attenuated PM10D-induced neutrophilic airway inflammation via inhibiting MAPK/NF-κB 

activation. These results show that SGE may be a candidate for the treatment of inflammatory 

respiratory diseases. 

Keywords: diesel exhaust particles; neutrophil; NF-κB; particulate matter; inflammatory respiratory 

disease; Siraitia grosvenorii 

 

1. Introduction 

Particulate matter (PM) is suspended dust with each particle having a diameter of less than 10 

μm (PM10) and can be inhaled and can accumulate in lung alveoli causing considerable respiratory 

health risks [1]. Exposure to PM causes aggravated respiratory symptoms, induces pulmonary 

inflammation, and exacerbates allergic responses owing to its stimulatory effect on oxidative stress 

and its toxicity, leading to a rise in the prevalence of bronchial asthma, chronic respiratory disorder, 

and lung cancer [2–5]. In Asia, PM contains seasonal yellow dust, fine dust from China, and domestic 

air pollutants generated from combustion sources, such as gasoline and diesel engines, coal 

combustion, and biomass boiling. In particular, diesel exhaust particles (DEPs) consist of hundreds 

of different chemicals (primarily of carbon, polycyclic aromatic hydrocarbon, ash, metallic abrasion 

particles, sulfates, nitrates, and other trace elements) and lead to the highest toxicity in the human 

respiratory system [6,7]. 
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Siraitia grosvenorii Swingle fruit (also known as Luo Han Guo or monk fruit, of the Cucurbitaceae 

family) is a traditional remedial plant used in Korea and China to treat respiratory diseases such as 

cold, cough, laryngitis, bronchitis, and sore throat as well as stomach ailments and is also used as 

low-calorie sweeteners for drinks [8]. S. grosvenorii extract (SGE) showed antiglycation, antioxidative, 

anti-inflammatory, and neuroprotective properties [9–11]. Previous studies reported SGE alleviated 

symptoms of allergic illnesses such as asthma and atopic dermatitis [12,13]. Mogroside is one of the 

main ingredients of S. grosvenorii fruit, and it decreased airway hyperresponsiveness and airway 

inflammation by preventing nuclear factor-kappa B (NF-κB) activation induced by ovalbumin in the 

Kunming asthmatic mouse model [14]. Our recently published study showed that S. grosvenorii 

ethanolic extract ameliorated airway inflammation in lipopolysaccharide-stimulated bronchial 

epithelial cells and in a lipopolysaccharide- and cigarette smoke- induced chronic obstructive 

pulmonary disease (COPD) mice [15]. Thus, this current study aimed to examine the effect of SGE on 

airway inflammation in a fine dust-exposed chronic respiratory disorder mouse model and the 

signaling mechanisms underlying its effects. 

2. Materials and Methods 

2.1. Extraction of SGE  

The S. grosvenorii extract, Mogron®, was given to us by Suheung Co., Ltd. (Cheongju, Korea). Its 

preparation has been described previously [15]. 

2.2. Mouse model 

Seven-week-old male BALB/c mice, bought from Orient Bio Inc. (Seongnam, Korea), were kept 

at 21°C ± 2°C and humidity of 60% ± 10%. The approval of studies was carried out by the Committee 

for Animal Welfare at Daejeon University (ethical approval code DJUARB2022-041), and experiment 

was performed in accordance with the Guide for the Care and Use of Laboratory Animals. After 

acclimatization, mice were randomized to five groups (n = 8): (1) normal, (2) PM10D-control (CTL), 

(3) PM10D-dexamethasone 3 mg/kg, (4) PM10D-SGE 100 mg/kg, or (5) PM10D-SGE 50 mg/kg. The 

dose of SGE was determined based on our previous studies using a COPD mouse model [15]. PM10 

and DEP were dissolved in 99% saline and 1% aluminum hydroxide-based gel adjuvants. Chronic 

inflammation was induced by intranasal administration of a fine dust mixture (PM10D) that included 

3 mg/mL PM10 (ERMCZ120, MilliporeSigma, Burlington, MA, USA) and 0.6 mg/mL DEP (NIST2975, 

MilliporeSigma) to mice on days 4, 7, and 10 as reported previously [16]. The vehicle solution was 

treated intranasally to the normal mice, and the fine dust mixture was treated intranasally to the 

remaining mice. SGE (50 or 100 mg/kg) or dexamethasone (3 mg/kg) as a positive control were orally 

administered every day for 12 days. The experimental setup is expressed in Figure 1A.  
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Figure 1. Experimental setup and effect of Siraitia grosvenorii extract (SGE) on total and immune cell 

numbers in a particulate matter 10 plus diesel exhaust particles (PM10D)-induced airway 

inflammation model. (A) Experimental setup. Number of (B) total bronchoalveolar lavage fluid 

(BALF) cells, (C) total lung cells, and (D) neutrophils in (E) BALF cytospin (magnification: 200×). N = 

8. ###p < 0.001 vs. Normal mice. *p < 0.05, **p < 0.01, and ***p < 0.001 vs. PM10D control (CTL) mice. 

2.3. Collection of mouse lung cells from bronchoalveolar lavage fluid 

Bronchoalveolar lavage fluid (BALF) was collected on day 12 by cannulating the trachea of mice 

and adding Dulbecco’s Modified Eagle Medium into the lung, and the medium was then collected. 

The number of lung cells collected from the BALF was counted with a hemocytometer, and the cells 

were prepared by cytospin centrifugation (Hanil, Gimpo, Korea) and stained with Diff-Quik stain 

solution. Differential cell counts were assessed using a cytospin slide. The lung cells were separated 

as a single-cell suspension and treated in phosphate-buffered saline (PBS) containing 1 mg/mL 

collagenase IV (MilliporeSigma) for 40 min at 37°C. Then, the cell suspension was filtered and 

centrifuged at 492 x g for 20 min, and pellets were collected. 

2.4. Flow cytometry analysis 

Collected cells from lung and BALF were incubated for 30 min with antibodies against CD8a 

(53-6.7, rat IgG2a), CD4 (RM4-5, rat IgG2a), CD69 (H1.2F3, hamster IgG1), CD62L (MEL-14, rat 

IgG2a), CD44 (IM7, rat IgG2b), CD21/CD35 (7G6, rat IgG2b), B220 (RA3-6B2, rat IgG2a), Gr-1 (RB6-

8C5, rat IgG2b), SiglecF (1RNM44N, rat IgG2a), and CD11b (M1/70, rat IgG2b). All antibodies were 

obtained from BD Biosciences (Franklin Lakes, NJ, USA), except for anti-SiglecF (Thermo Fisher 

Scientific, Waltham, MA, USA). The cells were treated with phycoerythrin- or fluorescein 

isothiocyanate-labeled secondary antibodies for 35 min, washed, and fixed with 4% 

paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA) for 15 min. After washing, the cells were 

analyzed on a BD flow cytometer FACSCalibur (BD Biosciences). 

2.5. Measurement of cytokines 

BALF was centrifuged at 492 x g for 10 min, and interleukin (IL)-1a, IL-17, macrophage 

inflammatory protein (MIP)-2, chemokine (C-X-C motif) ligand (CXCL)-1, and tumor necrosis factor 

(TNF)-a levels were determined in the supernatant by enzyme-linked immunosorbent assay (ELISA) 
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kits (R&D Systems, Minneapolis, MN, USA). The optical density of the supernatant was determined 

at 450 nm with a SpectraMax microplate analyzer (Molecular Devices, San Jose, CA, USA). 

2.6. Histopathologic examination of lung tissue 

Mouse lung was perfused with 1 mL 10% (v/v) neutral-buffered formalin fixation solution 

through the trachea; then the lung was eliminated and submerged in formalin buffer for 22 h. The 

tissue was paraffinized, cut to 5-μm thickness, and stained with Masson’s trichrome or hematoxylin 

and eosin solution for the observation of for inflammatory cell penetration and collagen fiber 

formation (Sigma-Aldrich).  

2.7. Quantitative reverse transcription-polymerase chain reaction 

Total RNA from lung tissue was isolated with total RNA prep kit (HiGene, BIOFACT, Daejeon, 

Korea). To quantify mRNA expression of genes, quantitative reverse transcription-polymerase chain 

reaction (qRT-PCR) was performed using a Real-Time PCR instrument (Applied Biosystems 7500 

Fast, Thermo Fisher Scientific) with a SYBR Green master mixture (Applied Biosystems) and primer. 

The primer sequences are recorded in Table 1. Gene transcript was expressed as ΔΔCt, normalized 

to the b-actin gene. 

Table 1. Primer sequences used for quantitative reverse transcription-polymerase chain reaction. 

Gene Primer direction Oligonucleotide sequence (5′-3′) 

b-actin 
F TGGAATCCTGTGGCATCCAT 

R TAAAACGCAGCTCGTAACAG 

TNF-α 
F CCTGTAGCCCACGTCGTAGC 

R TTGACCTCAGCGCTGAGTTG 

MIP2 
F ATGCCTGAAGACCCTGCCAAG 

R GGTCAGTTAGCCTTGCCTTTG 

CXCL-1 
F CCGAAGTCATAGCCACAC 

R GTGCCATCAGAGCAGTCT 

MUC5AC 
F AGAATATCTTTCAGGACCCCT 

R ACACCAGTGCTGAGCATACTT 

TRPV1 
F CATCTTCACCACGGCTGCTTAC 

R CAGACAGGATCTCTCCAGTGAC 

TRPA1 
F TGAGATCGACCGGAGT 

R TGCTGAAGGCATCTTG 

Abbreviations: F, forward; R, reverse. 

2.8. Immunoblot 

Proteins from lung tissues were extracted in protein extraction buffer (PRO-PREP, Intron 

Biotechnology, Seongnam, Korea), separated by sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis, and transferred to membrane by a Trans-Blot Turbo transfer system (Bio-Rad 

Laboratories, Hercules, CA, USA). The membrane was blocked using blocking solution (EzBlock 

Chemi, ATTO, Tokyo, Japan) for 40 min and treated with antibodies raised against β-actin, 

phosphorylated (NF-κB, IκB, ERK, p38, or JNK), NF-κB, ERK, IκB, p38, or JNK (Cell Signaling 

Technology, Danvers, MA, USA). The membrane was incubated with anti-rabbit secondary 

antibodies (Cell Signaling Technology) for 40 min. The signal was visualized with enhanced 

chemiluminescence (Thermo Scientific). Images of the membranes were evaluated by ImageJ 

software. 

2.9. Statistical Analysis 

Results are presented as the mean ± standard error of the mean. Statistical testing among groups 

was performed by one-way analysis of variance and Duncan’s multiple comparison test. The 
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statistical analysis was performed using GraphPad Prism 7.0 software. p < 0.05 was considered to 

have a significant difference. #p < 0.05, ##p < 0.01, and ###p < 0.001 are compared with the normal 

group, and *p < 0.05, **p < 0.01, and ***p < 0.001 are compared with the PM10D Control group. 

3. Results 

3.1. Effect of SGE on neutrophil infiltration in PM10D-exposed mice 

PM10D exposure to mice for 12 days increased the total cell number in BALF. The total cell 

number in BALF decreased after oral administration of SGE or dexamethasone, but the total number 

of lung cells did not (Figure 1B). In particular, the number of neutrophils in BALF by cytospin was 

increased after PM10D exposure compared with normal mice, and neutrophil infiltration was 

significantly decreased after SGE administration (Figure 1C,D). 

3.2. Effect of SGE on white blood cells in Blood 

Changes in the cell types in Blood, particularly neutrophils, offer significant information about 

the development of airway inflammation. Hematological examination of white blood cells (WBCs) in 

Blood indicated that the total count of WBC was decreased after PM10D exposure compared with 

controls, and the decreased levels recovered after SGE administration (Figure 2A). The number of 

neutrophils was increased after PM10D exposure compared with normals and was significantly 

decreased after SGE administration (Figure 2B). The number of lymphocytes was reduced after 

PM10D exposure compared with normals and was increased after SGE administration (Figure 2B). 

Monocytes, eosinophils, and basophils did not show significant differences among the groups (Figure 

2C). 
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Figure 2. E Effect of Siraitia grosvenorii extract (SGE) on (A) the number of white blood cells (WBC) 

and (B, C) WBC differential cells counting. N = 8. ###p < 0.001 vs. Normal mice. **p < 0.01, and ***p < 

0.001 vs. PM10D control (CTL) mice. 

3.3. Effect of SGE on the release of inflammatory mediators in BALF 

Inflammatory cytokines and chemokines produced by the inflammatory response contribute to 

the pathology and severity of airway inflammation. IL-1a, CXCL-1, TNF- a, IL-17, and MIP-2 levels 

in BALF were increased after PM10D exposure compared with normals and were significantly 

decreased by administration of SGE or dexamethasone (Figure 3A–E). 

 

Figure 3. Effect of Siraitia grosvenorii extract (SGE) on the release of cytokines and chemokines in 

bronchoalveolar lavage fluid (BALF) of a particulate matter 10 plus diesel exhaust particles (PM10D)-

induced airway inflammation model. BALF production of (A) IL-1a, (B) CXCL-1, (C) TNF-a, (D) IL-

17, and (E) MIP2 (n = 8). ##p < 0.01, and ###p < 0.001 vs. normal mice. *p < 0.05, **p < 0.01, and ***p < 

0.001 vs. PM10D control (CTL) mice. 

3.4. Effect of SGE on lung histopathology 

To examine the effect of SGE on lung histopathology in PM10D-induced airway inflammation, 

lung tissue was dyed with Masson’s trichrome or hematoxylin and eosin stain solutions. We observed 

thickening of the airway wall with infiltration of inflammatory cells around the airway and collagen 

fibrosis in the lungs of PM10D-exposed mice. In contrast, lung sections from mice treated with SGE 

or dexamethasone had reduced inflammatory cell infiltration and fibrosis (Figure 4). These results 

show that SGE constrains histopathological changes to airway inflammation in the lungs of PM10D-

exposed mice. 
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Figure 4. Lung histopathology. (A) Hematoxylin and eosin (H&E) staining and (B) Masson’s 

trichrome (M-T) staining of the lung tissue of mice with particulate matter 10 plus diesel exhaust 

particles (PM10D)-induced airway inflammation (magnification: 200×). 

3.5. Effect of SGE on the expression of inflammatory mediators in lung tissue 

As shown in Figure 5, the mRNA expression of mucin 5AC (MUC5AC), CXCL-1, transient 

receptor potential (TRP) vanilloid 1 (TRPV1), TRP ankyrin 1 (TRPA1), MIP2, and TNF- in lung tissue 

were increased after PM10D exposure compared with normals and were significantly decreased after 

administration of SGE or dexamethasone (Figure 5). 

 

Figure 5. Effect of Siraitia grosvenorii extract (SGE) on the mRNA expression of airway inflammation-

related genes in the lung tissue of mice with particulate matter 10 plus diesel exhaust particles 

(PM10D)-induced airway inflammation. The mRNA expression levels of (A) MUC5AC, (B) CXCL-1, 

(C) TRPA1, (D) TRPV1, (E) MIP2, and (F) TNF-a (n=8). ##p < 0.01, and ###p < 0.001 vs. normal mice. 

*p < 0.05, **p < 0.01, and ***p < 0.001 vs. PM10D control (CTL) mice. 

3.6. Effect of SGE on the mitogen-activated protein kinase/NF-κB signaling pathway in lung tissue 

To identify the potential active signaling pathways controlling the inhibitory effect of SGE on 

airway inflammation in PM10D-exposed mice, we analyzed the activation of signaling molecules in 

the mitogen-activated protein kinase (MAPK)/NF-κB pathway (Figure 6). The phosphorylation of 

JNK, p38, and ERK was increased after PM10D exposure and was decreased after SGE or 

dexamethasone administration. The phosphorylation of IκB and NF-κB-p65 was also upregulated 
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after PM10D exposure and was reduced after SGE administration. These results indicate that the anti-

inflammatory activity of SGE on airway inflammation is related with the MAPK/NF-κB (ERK, p38, 

and JNK) signaling pathway. 

 

Figure 6. Effect of Siraitia grosvenorii extract (SGE) on particulate matter 10 plus diesel exhaust 

particles (PM10D)-induced mitogen-activated protein kinase (MAPK)/nuclear factor-kappa B (NF-

κB) signaling in the lung tissue of mice with PM10D-induced airway inflammation. (A) Protein 

expression of pERK, ERK, p-p38, p38, p-JNK, JNK, p-p65, p65, and b-actin, and (B) quantitative 

analysis of protein bands was performed with ImageJ (n = 8). #p < 0.05, ##p < 0.01, and ###p < 0.001 

vs. normal mice. *p < 0.05, **p < 0.01, and ***p < 0.001 vs. PM10D control (CTL) mice. 

3.7. Effect of SGE on immune cell numbers in lung tissue and BALF 

We investigated the effects of SGE on the change in immune cell numbers after PM10D exposure 

by flow cytometry analysis of BALF and lung tissue. Neutrophil numbers in BALF and lung were 

increased after PM10D exposure and were decreased after SGE administration (Table 2). The absolute 

number of activated T lymphocytes (CD4+, CD8+, and CD62L-/CD44high+) and neutrophils (Gr-

1+/SiglecF-) in BALF was increased after PM10D exposure and was reduced after administration of 

SGE or dexamethasone. Additionally, the absolute number of activated T cells (CD4+CD69+ and 

CD62L-/CD44high+), neutrophils (Gr-1+/SiglecF-), and myeloid cells (GR-1+CD11b+) in the lung was 

increased after PM10D exposure and was significantly decreased after administration of SGE or 

dexamethasone. These results indicate that SGE suppressed the airway immune response and 

neutrophilic airway inflammation observed after PM10D exposure. 

Table 2. Effect of Siraitia grosvenorii extract (SGE) on immune cell subtypes in the bronchoalveolar 

lavage fluid and lung tissue of a particulate matter 10 plus diesel exhaust particles (PM10D)-

induced airway inflammation model using flow cytometry analysis. 

Cell types 

Absolute no. (mean ± standard error of the mean) 

Balb/c 

Normal 
PM10D-CTL 

PM10D-Dexa 3 

mg/kg 

PM10D-SGE 100 

mg/kg 

PM10D-SGE 50 

mg/kg 

BALF      

Lymphocytes (×10
4
 cells) 2.73±0.68 7.45±1.76

#
 4.20±1.02 3.39±0.65

*
 4.90±1.94 

Neutrophils (×10
4
 cells) 5.41±1.14 53.09±6.44

###
 21.19±5.56

**
 11.53±2.39

***
 23.18±5.37

**
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Eosinophils (×10
4
 cells) 11.74±3.89 48.90±12.93

##
 44.74±16.68 28.97±3.16 47.26±9.15 

CD4
+ 
(×10

4
 cells) 0.55±0.25 31.56±8.11

##
 10.51±2.32

**
 7.71±1.00

**
 15.90±4.20 

CD8
+
 (×10

4
 cells) 0.10±0.06 17.01±2.15

###
 3.98±1.01

***
 6.69±2.30

**
 10.39±3.02 

CD62L
-
/CD44

high+
(×10

4
cells) 1.64±0.39 89.75±15.92

###
 55.28±15.35 25.55±3.39

**
 56.39±10.65 

Gr-1
+
SiglecF

- 
(× 10

4
 cells) 1.09±0.53 53.18±9.61

###
 14.35±4.32

**
 7.63±2.02

***
 20.40±4.99

**
 

Lung      

Lymphocytes (× 10
4
 cells) 14.46±1.96 24.06±4.26

#
 33.31±2.46 29.20±9.50 37.82±12.24 

Neutrophils (× 10
4
 cells) 24.15±5.70 81.34±17.00

##
 50.86±2.19 40.57±10.67

*
 51.09±10.56 

Eosinophils (× 10
4
 cells) 5.96±0.73 12.20±2.48

#
 12.53±0.55 12.55±4.09 12.70±3.01 

CD4
+
 (× 10

4
 cells) 15.94±3.51 34.79±5.47

##
 33.93±1.28 30.73±9.48 32.90±7.49 

CD8
+
 (× 10

4
 cells) 6.68±1.49 21.77±4.24

##
 17.45±0.79 14.79±3.55 15.70±4.68 

CD4
+
CD69

+
 (× 10

4
 cells) 1.38±0.44 4.06±0.67

##
 2.41±0.34

*
 2.13±0.59

*
 2.66±0.59 

CD62L
-
/CD44

high+
(× 10

4
 cells) 3.88±0.76 17.88±1.47

###
 9.00±1.01

***
 9.68±2.79

**
 11.82±3.51 

CD21
+
/CD35

+
B220

+ 
(× 10

4
 

cells) 
4.33±2.15 21.08±4.84

##
 8.09±2.14

*
 10.40±3.27 14.78±5.39 

Abbreviations: CTL, control; Dexa, dexamethasone. The data are presented as means ± SEM (n=8). #p<0.05, 

##p<0.01, ###p<0.001 versus the Normal group, and *p<0.05, **p<0.01, ***p<0.001 versus the CTL group, as 

determined by analyses of variance (ANOVA) followed by Duncan's multiple range tests. 

4. Discussion 

In this study, we observed the inhibitory effect of SGE on airway inflammation in a PM10D-

induced chronic inflammatory disease mice model. SGE reduced the release of the inflammatory 

mediators IL-1a, TNF- a, CXCL-1, IL-17, and MIP2 in BALF. In addition, SGE decreased the mRNA 

expression of TRPA1, TRPV1, MUC5AC, and inflammatory cytokines (CXCL-1, MIP2, and TNF- a) 

and also reduced histopathological changes such as inflammatory cell infiltration and collagen 

fibrosis in the lungs of PM10D mice. SGE effectively decreased the neutrophils number in the WBC 

count, lung, and BALF. SGE administration in PM10D-exposed mice reduced the absolute cell 

number of CD8+ T cells, CD62L-/CD44high+ activated T cells, CD4+ T cells, and Gr-1+/SiglecF- 

neutrophils in BALF and decreased the cell number of activated CD4+CD69+ and CD62L-/CD44high+ 

T cells, Gr-1+/SiglecF- neutrophils, and GR-1+CD11b+ myeloid-derived suppressor cells in lung 

tissue. 

Neutrophilic airway inflammation is crucial in the early and progressive stages of pulmonary 

illness, and IL-1R signaling by IL-1 a in the early stage drives neutrophilic inflammation and 

subsequent structural changes in the lungs and bronchi [17]. Thus, the increased levels of IL-1 a in 

BALF of PM10D-exposed mice that we observed correlate with neutrophilic inflammation. 

CD8+ and CD4+ T cells, the predominant activated T cell subtypes, lead to airway neutrophilic 

inflammation through the secretion of proinflammatory cytokines [18]. CD4+ T cells cause the 

aggravation of chronic airway inflammation by producing IL-17 [19]. Gr-1 is an indicator for 

granulocytes that is associated with the differentiation and maturation of granulocytes, and CD11b 

is an indicator of myeloid cells of the macrophage lineage [20,21]. Thus, the population of Gr-

1+CD11b+ cells with Gr-1+/SiglecF- cells may constitute a substantial portion of neutrophils after 

PM10D exposure [22,23]. 

CXCL-1 and MIP2 (CXCL-2) are major neutrophils chemoattractants that were produced in the 

lung in an airway inflammation model induced by DEP exposure; an increase in the pulmonary 

expression of these C-X-C chemokines exacerbated airway inflammation [23]. MUC5AC, a key 

constituent of respiratory mucin secreted in the bronchial epithelia, contributes to airway mucus 

hypersecretion in respiratory illnesses such as asthma and COPD [24,25]. Both TRPV1 and TRPA1, 

members of the TRP channel superfamily, play a key part in lung inflammation through the release 
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of neuropeptides, such as substance P, and inflammatory factors, such as leukotriene, IL-1 a, and 

TNF- a, which cause primary airway inflammation [26]. Activation of these TRP channels by 

exposure to environmental lung-toxic irritants such as PM, DEP, and cigarette smoke, causes cough 

by stimulation of nociceptive C-fibers in the airways of humans and animals, and TRP channel-

induced neurogenic inflammation could lead to the progression of airway inflammatory illnesses 

such as lung fibrosis, COPD, and allergic asthma [22,27–29]. 

Exposure to environmental hazards such as PM, DEP, and cigarette smoke stimulate 

proinflammatory mediators such as IL-1 and TNF- a that activate the NF-kB transcription factor or 

MAPK signaling molecules. This process leads to lung inflammation with neutrophil recruitment to 

the lung via pulmonary expression of cytokines and neutrophil chemokines such as CXCL-1 and 

MIP2 [30–32]. Our results show that SGE alleviates neutrophilic airway inflammation by preventing 

NF-kB and ERK/p38/JNK MAPK signaling. 

A limitation of our studies is that we did not test the effects of SGE in both sexes of mice. 

Recently, studies have reported that in human, females are more susceptible than males to airway 

inflammation caused by environmental air pollution owing to sex hormone differences [33]. Thus, 

the effect of SGE in female mice should be tested in a further study. Nevertheless, our studies show 

that SGE could be a promising candidate to prevent respiratory illness by ameliorating airway 

inflammation caused by PM10D. 

5. Conclusions 

This study showed that SGE ameliorates neutrophilic airway inflammation and lung injury by 

downregulation of NF-kB and MAPK signaling pathways in a PM10D-induced respiratory disease 

murine model. These results suggest that SGE would be a promising candidate for treatment of 

respiratory disorders. 
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