
 

 

Indian Journal of Experimental Biology 

Vol. 58, April 2020, pp. 235-241 

 

 

 

 

  

Osthole inhibits ovalbumin (OVA) induced asthma through regulating  

TLR9/JNK pathway 

Wei Shen1, Suofang Shi2*& Hui Zhang3 

1Department of Pneumology, Yancheng TCM Hospital affiliated to Nanjing University of Traditional Chinese Medicine,  

Yancheng, Jiangsu-224000, China 
2Department of Pneumology, First affiliated Hospital of Nanjing University of Traditional Chinese Medicine,  

Nanjing, Jiangsu-210001, China 
3Department of Infectious, Nanjing Hospital of Chinese Medicine affiliated to Nanjing University of Chinese Medicine,  

Nanjing, Jiangsu-210012, China 

Received 02 January 2020; revised 04 April 2020 

Osthole is an active coumarin extracted from Cnidium monnieri (L.) Cusson, a traditional Chinese herb which possesses 

multiple pharmacological activities. Asthma is a long term disease characterized by chronic airway inflammation and hyper-

responsiveness. Worldwide, around 339 million people are reported to be suffering from asthma. Coumarin osthole has been 

known to exhibitanti-inflammatory and antiallergic activities. Here, we investigated mechanisms underlying the protective 

effects of osthole in ovalbumin (OVA) induced asthmatic mice. A total 40 C57BL/6 male mice were used as experimental 

model animals. The results showed that osthole treatment significantly reduces OVA-induced elevated levels of serum IgE 

and inflammatory cytokines (IL-4, IL-5, IL-6, IL-13) except IL-10 in bronchoalveolar lavage fluid (BALF), and decreased the 

recruitment of inflammatory cells in BALF. The CCK-8 assay was performed to examine the viability of cells. The enzyme 

linked immunosorbent assay (ELISA) was used to determine the expression of inflammatory factors. Western blot analysis 

was conducted to examine TLR9 and JNK protein expression. Results showed that osthole significantly inhibits the 

recruitment of inflammatory cells and Th1/Th2 cytokines expression in BALF and airway hyper-responsiveness. Furthermore, 

osthole attenuated upregulation of systemic immunoglobulin production derived from OVA sensitization. Results also suggest 

that osthole can reverse the imbalance of Thlfrh2 in asthma, thus alleviating the symptoms of asthma to a certain extent. In 

conclusion, the study demonstrated that osthole, activecoumarin extract of Cnidium monnieri, attenuated the allergic airway 

inflammation via inhibition of TLR9/JNK pathway in mice model indicating that it could be a potential therapeutic target for 

asthma.  
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Asthma is a chronic heterogeneous inflammatory 

disease caused by genetic and environmental factors, 

characterized by varying degrees of airway spasm and 

hyper-responsiveness, mucus secretion and chronic 

inflammation1. Among them, chronic airway 

inflammation is an important direct cause of repeated 

exacerbation and airway remodeling2. According to the 

World Health Organization (WHO) report 2018, asthma 

is estimated to affect 339 million people of all ages 

worldwide. Globally, asthma is ranked 16th among the 

leading causes of years lived with disability and 28th 

among the leading causes of burden of disease, as 

measured by disability adjusted life years3. 

At present, the treatment of asthma by traditional 

Chinese medicine is generally divided into acute attack 

stage and chronic remission stage4. In traditional 

Chinese medicine, decoction of Cnidium Monnieri 

(commonly called Monnier's snowparsley, and locally 

She Chuang Zi), thecoumarin osthole being its main 

component, can effectively treat and control the acute 

attack of asthma, improve the lung function of patients, 

reduce airway resistance, and regulate the immune 

dysfunction of the body5. The mechanism of action of 

traditional Chinese medicine (osthole) needs to be 

understood for developing effective drugs to control 

airway inflammation, to improve the quality of life and 

prognosis of patients with bronchial asthma, and to 

reduce the proportion of patients with severe asthma 

and refractory asthma6. 
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Osthole exhibits anti-asthmatic activity and 

prevents airway inflammation by producing Th2 

cytokines, IgE, recruitment of eosinophils and mucus 

overproduction6. Studies indicate that osthole has 

noticeable protective effect on histamine and 

acetylcholine-induced drug-induced asthma, and 

directly expands isolated bronchial smooth muscle7. 

Although the mortality rate of severe asthma has 

declined with regular use of corticosteroids (ICS) 

based inhalers. However, the impact of asthma is still 

enormous and its incidence has gradually increased in 

recent years8.  

Heterogeneous chronic inflammatory asthma has 

multiple phenotypes. Allergic asthma is a type of  

T helper 2 (Th2)-associated asthma and responses to it 

are characterized by the involvement of allergen-

specific immunoglobulin E (IgE) and Th2 cells9. The 

balance of T helper cell Th1/Th2 is closely related to 

the prognosis of asthma10. Reports suggest that 

Th1/Th2 imbalance is the immunological mechanism 

of bronchial asthma11. During the course of asthma, the 

synthesis of cytokines, such as interleukin 4  

(IL-4), IL-5, IL-6 and IL-13 in Th2 cells increase, the 

expression of cytokines (such as IL-12, IFN-gamma) 

in Th1 cells decreases, and specific IgE increases 

resulting in airway inflammation, eosinophil 

proliferation, and immune activation jointly leading to 

the development of chronic airway inflammation12,13. 

Moreover, chronic inflammation induces mast cells, 

eosinophils and neutrophils which in turn lead to 

airway epithelial injury, smooth muscle hypertrophy, 

goblet cell metaplasia and mucous gland hyperplasia, 

all of which are important characteristics of bronchial 

asthma14.  

Sanchez-Zauco et al.15 have reported that 

significant decrease of Toll-Like Receptor 9 (TLR9) 

expression may imbalance Th1/Th2 ratio, thereby 

could be used effectively for treating asthma. TLR9 

plays an important role in the inflammatory and 

immune response, cell signal transduction in asthma, 

and is closely related to airway inflammation and 

airway remodeling in asthma16. TLR-9 signaling has 

been implicated as a critical component of the 

inflammatory response following lung injury by 

Suresh et al.17. In addition, it has been reported that 

JNK signaling pathway not only increases the number 

of eosinophils and lymphocytes, but, also promotes 

airway remodeling by stimulating inflammatory 

mediators in airway smooth muscle cells and altering 

inflammation of airway sub-mucosal airway cells18,19. 

The active ingredients of C. monnieri mainly contain 

compounds which are called total coumarins20. There 

are six monomers isolated from C. monnieri7. Among 

them, osthole content is the highest accounting for 

about 60% of the total coumarin21. Previous studies 

have confirmed that osthole has significant effects on 

vasodilation, sedation, analgesia, antagonism, 

anticancer and allergic reaction22. Whether osthole has 

anti-asthmatic and anti-inflammatory effects and its 

underlying mechanisms are not yet fully understood. 

In this study, we investigated the effects of osthole 

on expression of Th1/Th2-related inflammatory factors 

in OVA-induced bronchial asthma in mice. In addition, 

we also studied the effect of osthole on airway 

resistance of asthma, and further explored its possible 

mechanism to provide theoretical basis for the 

treatment of asthma by osthole.  

 

Materials and Methods 
 

Animals 

Total 40 C57BL/6 male mice procured from 

Shanghai Slac Laboratory Animal Co. Ltd (Shanghai, 

China) were used in the study. Mice were housed for 

3 days to adapt themselves to the environment and 

then divided into four groups: Control group, OVA 

group (25 μg/mouse), OVA + Osthole (5 mg/kg) 

group and dexamethasone group (DEX, 1.5 mg/kg). 

The study was approved by the Animal Experiments 

Committee of Yancheng TCM Hospital affiliated to 

Nanjing University of Chinese Medicine, Nanjing, 

China. Osthole, dexamethasone and ovalbumin 

(grade V) were purchased from Sigma (St. Louis, 

MO, USA). All other chemicals were of reagent 

grade. 
 

Cell culture and treatment 

The bronchial epithelial cell line (BEAS-2B cells) 

was incubated with serial concentrations of osthole  

(2-80 mg/kg) for 24 h. Then, the treated cells were 

tested for the cell viability. 
 

Cell counting Kit-8 (CCK-8) assay 

Volume of 100uL cell suspension was added to 96-

well plate for 24 h with 5% CO2 at 37°C. The osthole 

was then administered at different concentrations for 

24 h. Then, 10uL of CCK-8 solution was added to each 

well and incubated in incubator for 2 h. Absorbance 

was taken at 450 nm by enzyme marker.  
 

ELISA assay  

Bronchoalveolar Lavage Fluid (BALF) was 

collected from different mice groups. After collection, 
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the supernatant in each group was harvested at 48 h and 

stored at −80°C until it was used for cytokine 

measurements. The total serum IgE, IgG1 and IgG2a 

levels were measured by ELISA kits (Bioscience, CA, 

USA) in line with the manufacturer’s instructions23. 
 

Cell flow cytometry 

The cells purified from lungs of four mice groups 

were resuspended in staining buffer and was analyzed 

by cell flow cytometry to determine the number and 

proportion of different inflammatory cells. Flow 

cytometry acquisition was performed using a FACS-

Calibur (BD Bioscience, CA, USA), and the results 

were analyzed using CellQuest software (BD 

Bioscience, CA, USA).  
 

Western blot analysis 

The proteins of different mice groups were 

extracted and detected, then boiled for 10 minutes. The 

proteins were separated by electrophoresis and 

transmembraned, and then incubated overnight with 

primary antibody of TLR9 (Abcam, CA, USA) and P-

JNK (Abcam, CA, USA) at 4°C. Glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) is used as internal 

reference (Abcam, CA, USA). Then, nitrocellulose 

membranes were incubated with second antibody for 

2h and washed with TBST thrice, 20 min each time. 

The bands were detected by chemi-luminescence 

method (Thermo Scientific, USA). 
 

Statistical analysis 

Statistical software platform SPSS 17.0 (SPSS, 

USA) was used for statistical analysis. The data were 

analyzed as mean ± SEM. Statistical differences were 

determined by Student’s t-test and one-way ANOVA. 

The P<0.05 was considered statistically significant. 

 

Results and Discussion 
 

Selection of suitable concentration of osthole 

Osthole (7-methoxy-8 [3-methylpent 2-enyl] 

coumarin) is an active coumarin extracted from the 

dried fruits of the king of traditional Chinese medicine, 

the C. monnieri. The chemical structure of osthole is 

shown in Fig. 1A. To investigate the optimum 

concentration of osthole for activity, BEAS-2B cell 

were incubated with serial concentrations of osthole  

(2-80 mg/kg), and the result demonstrated that there 

was no visible toxicity until the concentration of 

osthole exceeded 50 mg/kg (Fig. 1B). Hence, 50 mg/kg 

osthole was selected as final concentration for further 

research. Another study also used three different 

concentrations of osthole (25, 50 and 100 mg/kg) for 

evaluating its effect on influx of inflammatory cells in 

BALF of OVA-induced asthma murine models24. 
 

Osthole inhibited recruitment of inflammatory cells in BALF 

and airway hyper-responsiveness 

To assess the inhibitory activity of osthole on 

inflammation and airway hyper-responsiveness 

induced by OVA, the numbers of total inflammatory 

cells, macrophage, eosinophil, neutrophil and 

lymphocyte collected from bronchoalveolar lavage 

fluid (BALF) in OVA-induced asthma murine models 

given different treatments were monitored. There was 

a significant difference between control and OVA-

challenged group in total inflammatory cells, 

macrophage, eosinophil, neutrophil and lymphocyte 

(Fig. 2A). Moreover, OVA-induced increase of total 

inflammatory cells, macrophage, eosinophil, 

neutrophil and lymphocyte were all dramatically 

reduced by osthole at a concentration of 5 mg/kg body 

wt. or DEX (1.5 mg/kg) treatment. In this study, such 

OVA-triggered elevation was evidently attenuated by 

oral administration of osthole. In a similar study, it was 

found that treatment of osthole (25, 50 and 100 mg/kg) 

and DEX (2 mg/kg) markedly prevented the increase 

in inflammatory cells in BALF in a dose-dependent 

manner24. Another study also showed that oral 

treatment of mice with osthole at medium (25 mg/mL) 

and high doses (50 mg/mL) markedly reduced the 

infiltration of these inflammatory cells, particularly 

eosinophils9. 

The airway hyper-responsiveness represented by 

airway resistance (RL) was analyzed in OVA-induced 

asthmatic mice under osthole or DEX treatment to 

evaluate its triggered anti-allergic effects on asthma. 

Results indicated that after one exposure to a series of 
 

 
 
Fig. 1 — Selection of suitable concentration of osthole (A) The 

chemical structure of osthole; and (B) CCK-8 was used to detect 

the cell viability of BEAS-2B cell treated with various 

concentrations of osthole (2-80 mg/kg) for 24 h. [Each experiment 

were conducted in triplicates] 
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osthole concentration gradients (1-15 mg/mL), the 

relative RL was evidently enhanced in OVA-induced 

group (Fig. 2B).  

Asthma is an inflammatory disease regulated by 

a variety of cytokines, with eosinophils, 

lymphocytes and mast cells infiltrating mainly, and 

many kinds of cells participating in it25. Asthma is 

characterized by infiltration of inflammatory cells in 

the airway, exfoliation of airway epithelium and 

airway hyper-responsiveness26. The early 

pathological changes of asthma are mainly small 

airway inflammation. With the progression of 

asthma, long-term airway inflammation can  

lead to airway remodeling27. With the deepening 

understanding of asthma, the focus of treatment has 

shifted from simply relieving symptoms of airway 

smooth muscle spasm to comprehensive treatment 

based on asthma education and prevention and 

treatment of airway inflammation28. 
 

Osthole suppress Th1/Th2 cytokines expression in BALF of 

OVA-induced asthma murine model 

Imbalanced expression of Th1/Th2-related 

inflammatory factors, airway hyper responsiveness 

and changes in the number of airway inflammatory 

cells are consistent indicators of asthma attack and 

severity10, and the imbalance in Th1/Th2 cells are 

involved in the pathogenesis of asthma29. Hence, to 

verify the therapeutic efficacy of osthole as a new 

strategy in the treatment of asthma, the relevant 

Th1/Th2 cytokines in the BALF of mice treated by 

varied strategies were analyzed by ELISA. 

Consequently, the results demonstrated that the 

levels of interleukin IL-4 (Fig. 3A), IL-5 (Fig. 3B), 

IL-6 (Fig. 3C), IL-10 (Fig. 3D), IL-13 (Fig. 3E) and 

eosinophil-specific chemokines eotaxin (Fig. 3F) 

were all distinctly increased via OVA-challenged 

mice as compared to the control group, while such 

upregulation was effectively attenuated by osthole or 

DEX treatment except for IL-10. As illustrated in 

Fig. 3D, the level of IL-10 in the BALF was 

 

 
 

Fig. 3 — Osthole inhibits Th1/Th2 cytokines expression in BALF of OVA-induced asthma murine model: The levels of Th1/Th2 

cytokines, including  (A-E) IL-4, IL-5, IL-6, IL-10 and IL-13, respectively and eotaxin were all measured in the BALF of mice under 

described treatments by ELISA. [Each experiment was conducted three times independently, *P<0.05, **P<0.01] 
 

 

 
 
Fig. 2 — Effects of osthole on inflammation and airway hyper-

responsiveness. (A) Number of total inflammatory cells, 

macrophage, eosinophil, neutrophil and lymphocyte collected from 

BALF in mice given different treatments; and (B) The airway 

resistance (RL) of mice under different treatments upon exposure to 

stimulation of serial concentrations of osthole (1-15 mg/mL). [Each 

experiment was conducted in triplicates, *P<0.05, **P<0.01] 
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enhanced to a significant extent upon exposure to 

osthole or DEX treatment. Taken together, all these 

results indicated that osthole exert significant 

inhibition on Th1/Th2 cytokines expression in 

BALF of OVA-induced asthma murine model, 

thereby conferring its potential as new strategy to 

treat asthma. Similarly, administration of osthole 

and DEX dose-dependently suppressed the cytokine 

(IL-4, IL-5, and IL-13) elevation compared to the 

OVA-challenged group24. Chiang et al.9 showed that 

oral administration of osthole to BALB/c mice 

sensitization with OVA suppressed the production of 

Th2-type cytokines including IL-4, IL-5 and IL-13. 

On contrary, IL-10 production was not inhibited and 

was even enhanced by osthole treatment.  
 

In this study, it was found that osthole significantly 

inhibited recruitment of inflammatory cells and 

Th1/Th2 cytokines expression (IL-4, IL-5, IL-6, IL-13) 

in BALF and airway hyper-responsiveness. Data 

suggest that osthole can reverse the imbalance of 

Thl/Th2 in asthma, thus alleviating the symptoms of 

asthma to a certain extent.  
 

Osthole attenuates upregulation of systemic immunoglobulin 

production derived from OVA sensitization 

The high expression of systemic immunoglobulins, 

especially IgE and IgG1, is recognized as a primary 

feature of OVA-induced asthma. Therefore, to further 

validate the function of osthole in asthmatic 

inflammatory responses, the OVA-specific IgE and 

IgG1 levels in serum were analyzed. Another study 

also found that osthole and DEX treatment suppressed 

the levels of OVA-specific IgE in a dose dependent 

manner24. Results depicted that there was a measurable 

downward tendency of OVA-specific IgE and  

IgG1 levels upon exposure to osthole or DEX 

administration, which implied that osthole 

performance in improving OVA-induced asthmatic 

inflammation (Fig. 4). Furthermore, osthole attenuates 

up-regulation of systemic immunoglobulin production 

derived from OVA sensitization.  
 

Osthole inhibits allergic airway injury through TLR9/JNK 

pathway 

Although results of the present study demonstrated 

the therapeutic efficacy of osthole in asthma, however, 

the underlying mechanism is still not clear. It is also 

known that the Toll-like receptor 9 (TLR9) plays a 

pivotal role in the treatment of asthma due to its 

regulation of imbalance of Th1/Th2. Therefore, to 

validate the function of TLR9 pathway in the activity 

of osthole, the protein levels of TLR9 and p-Jun N-

terminal kinase (JNK) were detected by western blot 

assays. Compared with control group, both TLR9 and 

p-JNK expression were upregulated via OVA 

sensitization (Fig. 5). Results indicated that the protein 

levels of TLR9 and p-JNK were significantly reduced 

by osthole or DEX administration. Thus, osthole can 

regulate TLR9/JNK pathway, preliminarily revealing 

 

 
 

Fig. 4 — Osthole inhibits increased systemic immunoglobulin 

production caused by OVA sensitization. (A) The serum levels of 

OVA-specific IgE (A) and IgG1; and (B) in OVA-induced 

asthmatic murine model under described therapeutic treatments 

were detected by ELISA. [All the data are presented as mean 

value± SD. Each experiment was conducted three times 

independently, *P<0.05, **P<0.01] 
 

 

 

 
 

Fig. 5— Osthole in inhibits allergic airway inflammation via regulating TLR9/JNK pathway.(A) The protein levels of TLR9 and p-JNK in 

airway epithelial cells of mice under various approaches; and Quantification of grey levels of (B) TLR9; and (C) p-JNK in airway epithelial 

cells treated as depicted. [All the data are presented as mean value± SD. Each experiment was conducted three times independently, 

**P<0.01] 
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the therapeutic potential of Cnidium monnieri in 

treating the asthma. 

 

Conclusion  

Results of this study have confirm that osthole, the 

coumarin extract of the traditional Chinese herb 

Cnidium monnieri, locally called She chuang zi, 

alleviated airway resistance, regulate the expression of 

Th1/Th2-related inflammatory factors and reversed the 

imbalance of Th1/Th2 in asthmatic mice. 

Simultaneously, osthole reduced the content of 

eosinophils and macrophages, improved the 

inflammatory infiltration in lung tissue, thereby 

alleviating the asthmatic symptoms. Inhibition of 

TLR9/JNK pathway by osthole as observed here thus 

supports possible use of osthole as a therapeutic drug 

for patients with allergic asthma. 
 

Acknowledgement 
This work was supported by the Grants from the 

National Natural Science Fund Project (8177151175). 

 

Conflict of interest 

The authors declare that they have no potential 

conflict of interests. 
 

References 
1 Bender BG, Advancing the science of adherence 

measurement: Implications for the clinician. J Allergy Clin 

Immunol, 1 (2013) 92. 

2 Yang X & Wang F, The effect of astragaloside IV on JAK2-

STAT6 signalling pathway in mouse model of ovalbumin-

induced asthma. J Anim Physiol Anim Nutr, 5 (2019) 103 

3 The Global Asthma Report (2018). http://www.globalasthma 

report.org/Global%20Asthma%20Report%202018.pdf.  

4 Starr SR, Agrwal N, Bryan MJ, Buhrman Y, Gilbert J,  

Huber JM, Leep Hunderfund AN, Liebow M, Mergen EC, 

Natt N, Patel AM, Patel BM, Poole KG, Jr Rank MA, 

Sandercock I, Shah AA, Wilson N & Johnson CD, Science 

of health care delivery: An innovation in undergraduate 

medical education to meet society's needs. Mayo Clin Proc 

Innov Qual Outcomes, 1 (2017) 117. 

5 Sun Y, Yang AWH & Lenon GB, Phytochemistry, ethno-

pharmacology, pharmacokinetics and toxicology of Cnidium 

monnieri (L.) Cusson. Int J Mol Sci, 21 (2020) 1006. 

6 Menzella F, Galeone C, Bertolini F, Castagnetti C & 

Facciolongo N, Innovative treatments for severe refractory 

asthma: How to choose the right option for the right patient? 

J Asthma Allergy, 10 (2017) 237. 

7 Yang Y, Ren F, Tian Z, Song W, Cheng B & Feng Z, Osthole 

synergizes with HER2 inhibitor, trastuzumab in HER2-

overexpressed N87 gastric cancer by inducing apoptosis and 

inhibition of AKT-MAPK pathway. Front Pharmacol, 9 

(2018) 1392. 

8 Bang MA, Seo JH, Seo JW, Jo GH, Jung SK, Yu R,  

Park DH & Park SJ, Bacillus subtilis KCTC 11782 bp-

produced alginate oligosaccharide effectively suppresses 

asthma via T-helper cell type 2-related cytokines. PLoS One, 

10 (2015) e0117524. 

9 Chiang CY, Lee CC, Fan CK, Huang HM, Chiang BL &  

Lee YL, Osthole treatment ameliorates Th2-mediated 

allergic asthma and exerts immunomodulatory effects on 

dendritic cell maturation and function. Cell Mol Immunol, 14 

(2017) 935. 

10 Zhu M, Liang Z, Wang T, Chen R, Wang G & Ji Y, 

Th1/Th2/Th17 cells imbalance in patients with asthma with 

and without psychological symptoms. Allergy Asthma Proc, 

37 (2016) 148. 

11 Antczak A, Domanska-Senderowska D, Gorski P, Pastuszak-

Lewandoska D, Nielepkowicz-Gozdzinska A, Szewczyk K, 

Kurmanowska Z, Kiszalkiewicz J & Brzezianska-Lasota E, 

Analysis of changes in expression of IL-4/IL-13/STAT6 

pathway and correlation with the selected clinical parameters 

in patients with atopic asthma. Int J Immunopathol 

Pharmacol, 29 (2016) 195. 

12 Juan Z, Zhao-Ling S, Ming-Hua Z, Chun W, Hai-Xia W, 

Meng-Yun L, Jian-Qiong H, Yue-Jie Z & Xin S, Oral 

administration of Clostridium butyricum CGMCC0313-1 

reduces ovalbumin-induced allergic airway inflammation in 

mice. Respirology, 22 (2017) 898. 

13 Bang MA, Seo JH, Seo JW, Jo GH, Jung SK, Yu R, Park DH 

& Park SJ, Bacillus subtilis KCTC 11782bp-produced 

alginate oligosaccharide effectively suppresses asthma via T-

helper cell type 2-related cytokines. PLoS One, 10 (2015) 

e0117524. 

14 Tang F, Wang F, An L & Wang X, Upregulation of Tim-3 on 

CD4 (+) T cells is associated with Th1/Th2 imbalance in 

patients with allergic asthma. IntJ Clin Exp Med, 8 (2015) 

3809. 

15 Sanchez-Zauco N, Del Rio-Navarro B, Gallardo-Casas C, 

Del Rio-Chivardi J, Muriel-Vizcaino R, Rivera-Pazos C, 

Huerta-Yepez S, Cruz-Lopez M & Maldonado-Bernal C, 

High expression of Toll-like receptors 2 and 9 and Th1/Th2 

cytokines profile in obese asthmatic children. Allergy Asthma 

Proc, 35 (2014) 34. 

16 Zhang BY, Chi S & Sun Y, Modulation of toll-like signal 

path of allergic asthma by CpG-ODNs from Bordetella 

pertussis. Yao xue xue bao = Acta Pharm Sin B, 46 (2011) 

285. 

17 Suresh MV, Thomas B, Dolgachev VA, Sherman MA, 

Rebecca G, Mark J, Chowdhury A, Machado-Aranda D & 

Raghavendran K, Toll like receptor-9 (TLR9) is requisite for 

acute inflammatory response and injury following lung 

contusion. Shock (Augusta GA), 46 (2016) 412. 

18 Zheng M, Guo X, Pan R, Gao J, Zang B & Jin M, 

Hydroxysafflor yellow A alleviates ovalbumin-induced 

asthma in a guinea pig model by attenuating the expression 

of inflammatory cytokines and signal transduction. Front 

Pharmacol, 10 (2019) 328. 

19 Spiess PC, Kasahara D, Habibovic A, Hristova M, Randall 

MJ, Poynter ME & van der Vliet A, Acrolein exposure 

suppresses antigen-induced pulmonary inflammation. Respir 

Res, 14 (2013) 107. 

20 Su F, Zhao Z, Ma S, Wang R, Li Y, Liu Y, Li Y, Li L, Qu J 

& Yu S, Cnidimonins A-C, three types of hybrid dimer from 

Cnidium monnieri: Structural elucidation and semisynthesis. 

Org Lett, 19 (2017) 4920.  



SHEN et al.: IN VIVO ANTIASTHMATIC ACTIVITY OF OSTHOLE 

 

 

241 

21 Min KJ, Han MA, Kim S, Park JW & Kwon TK, Osthole 

enhances TRAIL-mediated apoptosis through 

downregulation of c-FLIP expression in renal carcinoma 

Caki cells. Oncol Rep, 37 (2017) 2348.  

22 Guan J, Wei X, Qu S, Lv T, Fu Q & Yuan Y, Osthole prevents 

cerebral ischemia-reperfusion injury via the notch signaling 

pathway. Biochem Cell Biol, 95 (2017) 459. 

23 Huang J, Xiong T, Zhang Z, Tan Y & Guo L, Inhibition of 

the receptor for advanced glycation inhibits 

lipopolysaccharide-mediated high mobility group protein B1 

and interleukin-6 synthesis in human gingival fibroblasts 

through the NF-kB signaling pathway. Arch Oral Biol, 105 

(2019) 81. 

24 Wang J, Fu Y, Wei Z, He X, Shi M, Kou J, Zhou E, Liu W, 

Yang Z & Guo C, Anti-asthmatic activity of osthole in an 

ovalbumin-induced asthma murine model. Respir Physiol 

Neurobiol, 239 (2017) 64. 

25 El-Housseiny L, Ibrahim MK & Sellinger R, Th2 related 

markers in milk allergic inflammatory mice model, versus 

OVA. J Genet Eng Biotechnol, 15 (2017) 453. 

26 Yang WL, Sun DY, Mao L, Zhou SW & Gao BL, Study on airway 

inflammation in patients with occupational pulmonary thesaurosis 

induced by iron. Chin J Ind Hyg Occup Dis, 36 (2018) 852. 

27 Fu M, Zou B, An K, Yu Y, Tang D, Wu J, Xu Y & Ti H, Anti-

asthmatic activity of alkaloid compounds from Pericarpium citri 

reticulatae (Citrus reticulata 'Chachi'). Food Funct, 10 (2019) 903. 

28 Johnson DA, Meltzer LJ, Zhang T, Lu M, Cassidy- 

Bushrow AE, Stokes-Buzzelli S, Duffy E, McKinnon B, 

Mahajan P, Redline S & Joseph CL, The influence of 

psychosocial stressors and socioeconomic status on sleep 

among caregivers of teenagers with asthma, the Puff City 

study. Sleep Health, 4 (2018) 141. 

29 Vock C, Hauber HP & Wegmann M, The other T helper cells 

in asthma pathogenesis. J Allergy, (2010) 519298. 

 

 


