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Abstract. Airway remodeling is characterized by airway wall 
thickening, subepithelial fibrosis, increased smooth muscle mass, 
angiogenesis and increased mucus secretion, which can lead to 
chronic and obstinate asthma and can obstruct pulmonary func-
tion. In this stuyd, the effects of Bangpungtongseong-san water 
extract (BPTS) on airway remodeling were examined using a 
murine model of bronchial asthma induced by ovalbumin (OVA) 
challenge. We focused on the effects of BPTS on the regula-
tion of chronic asthma. BALB/c mice were randomly assigned 
to 5 groups, some of which were sensitized and challenged 
with OVA for 4 weeks. After the final ovalbumin challenge, 
typical asthma-like morphological changes were observed in 
the lung tissue with hematoxylin and eosin staining, periodic 
acid‑Schiff, as well as with Masson's trichrome staining. The 
levels of transforming growth factor‑β1 (TGF-β1) and Smad3 
were assessed by immunohistochemistry and western blot 
analysis. The expression levels of vascular endothelial growth 
factor (VEGF) and adhesion molecules, such as intercellular 
adhesion molecule-1 and vascular cell adhesion molecule-1 
were also detected by western blot analysis. Our results revealed 
that BPTS reduced the OVA-induced increase in the infiltra-
tion of leukocytes, mucus hyperplasia and collagen deposition. 
Compared with the OVA-challenged group, the BPTS group 
had lower expression levels of adhesion molecules, TGF-β1, 
Smad3 and VEGF proteins in the lung tissues. The results of 
the current study suggest that BPTS prevents asthma airway 
remodeling in chronic asthma by inhibiting the activation of the 
TGF-β1‑Smad3-signaling pathway, as well as the expression of 
VEGF and adhesion molecules. BPTS may thus be a potential 
drug for the treatment of patients with changes that occur in the 
airways due to severe asthma.

Introduction

Chronic airway disorders, including chronic obstructive pulmo-
nary disease, cystic fibrosis and asthma, are associated with 
persistent pulmonary inflammation, airway remodeling, goblet 
cell metaplasia and collagen deposition (1), which significantly 
contribute to morbidity and mortality worldwide. The incidence 
and severity of chronic lung diseases are constantly increasing. 
Chronic lung diseases affect from 100 to 150 million indi-
viduals worldwide and are associated with a significantly high 
mortality rate (2). The pathogenesis of asthma was originally 
thought to be a T helper 2 (Th2)-mediated disease, although 
proinflammatory cytokines also play significant and distinct 
roles in the pathogenesis of asthma. Th2 cytokines, such as 
interleukin (IL)-4, IL-5, IL-9 and IL-13 induce changes in the 
airways and lung parenchyma, which in turn lead to airway 
eosinophilia, epithelial cell proliferation with goblet cell hyper-
plasia, increased mucus secretion, smooth muscle hyperplasia, 
subepithelial fibrosis, immunoglobulin E (IgE) secretion and an 
increased production of chemokines that attract T cells, eosino-
phils, neutrophils and mast cells (3). Th2 cytokines, such as 
IL-5-activate eosinophils (4,5), whose migration in turn induces 
eosinophilic airway inflammation. IL-4 directly promotes the 
characteristics of asthma, such as Ig isotype switching in B cells 
to primarily produce IgE and IgG1 (6,7). IL-13 production 
has been observed in the skin and gingival fibroblasts (8,9). 
Transforming growth factor β1 (TGF-β1) and IL-13 activate 
lung fibroblasts in patients with asthma (10). In the asthmatic 
patient, eosinophils produce profibrotic and proangiogenic 
cytokines, such as TGF-β1 and vascular endothelial growth 
factor (VEGF) (11). TGF-β1 expression is increased in patients 
with asthma, and this increase seems to correlate with disease 
severity and the degree of peribronchial fibrosis (12).

VEGF has been shown to play a critical role in increasing 
Th2 cell-mediated inflammation and TGF-β1 production (13), 
which is consistent with the finding that the inhibition of 
VEGF expression attenuates peribronchial fibrosis by blocking 
TGF-β1 production (14). The recruitment and lung infiltration 
of eosinophils are controlled by chemokines and adhesion 
molecules. Vascular cell adhesion molecule 1 (VCAM-1) is 
expressed on activated endothelial cells and contributes to the 
firm adhesion of eosinophils to vascular endothelial cells (15). 
Intercellular adhesion molecule 1 (ICAM-1) is an endothe-
lial transmembrane protein that facilitates the endothelial 
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transmigration of eosinophils into different pathological 
environments (16).

Bangpungtongseong-san (BPTS) is a major traditional 
herbal medicine widely used in the treatment of obesity (17). 
BPTS has been reported to inhibit atherosclerosis (18), 
obesity  (19), hypertension (20) and allergic rhinitis  (21). 
However, to the best of our knowledge, the effects of BPTS on 
airway inflammation and lung fibrosis in chronic asthma have 
not yet been described. Glucocorticoids are anti-inflammatory 
medications and are often used as maintenance therapy in 
patients with acute and chronic asthma, despite the fact that 
some of them are steroid resistant. There is a great need for a 
more effective treatment for chronic asthma, with fewer unde-
sired side-effects. In the present study, we examined whether 
BPTS exerts inhibitory effects on airway inflammation and 
pulmonary fibrosis in a mouse model of chronic asthma 
induced by repeated ovalbumin (OVA) challenge. 

Materials and methods

Preparation of BPTS extract. BPTS was prepared in our labo-
ratory from a mixture of chopped crude herbs purchased from 
Omniherb (Yeongcheon, Korea) and HMAX (www.HMAX.
co.kr; Chungbuk, Korea). BPTS was prepared from a mixture 
of herbs (shown in Table I) and was extracted in distilled water 
at 100˚C for 2 h. The extract was evaporated to dryness and 
freeze-dried (yield, 22.21%). The composition of BPTS was 
analyzed using high-performance liquid chromatography 
(HPLC) as previously described (22). The chemical standards 
used to identify and quantify the compounds in the BPTS were 
geniposide, liquiritin, baicalin and glycyrrhizin.

Animals and environmental conditions. Specific pathogen-
free female BALB/c mice (7 weeks old) were purchased from 
Orient Co. (Seoul, Korea) and maintained in an animal facility 
under standard laboratory conditions for 1 week before the 
experiments were conducted. The animals were provided with 
water and standard chow ad libitum. All the experimental 
procedures were carried out in accordance with the National 
Institutes of Health (NIH) Guidelines for the Care and Use 
of Laboratory Animals and were approved by the Animal 
Care and Use Committee of Chungnam National University, 
Daejeon, Korea. The animals were cared for in accordance 
with the National Animal Welfare Law of Korea.

Experimental protocol. Specific pathogen-free female BALB/c 
mice (n=35) were sensitized on days 0 and 14 by an intra-
peritoneal injection of 20 µg of OVA, emulsified with 2 mg of 
aluminum hydroxide in 200 µl of phosphate-buffered saline 
(PBS) (pH 7.4). On day 21, the mice received an airway chal-
lenge with OVA [1% (w/v)] for 1 h with the use of an ultrasonic 
nebulizer (NE-U12; Omron Corp., Tokyo, Japan); this step was 
repeated 3 times per week, for 4 weeks. Each day during the 
4 weeks of the airway challenge, BPTS was freshly prepared in 
PBS and administered by gavage at 50 mg/kg or 100 mg/kg of 
body weight. The mice were divided into 5 groups as follows 
(n=7 per group): PBS/PBS, normal control mice treated with 
PBS only; OVA/PBS; OVA-sensitized/challenged mice treated 
orally with PBS; OVA/montelukast (Mon), OVA-sensitized/
challenged mice treated orally with montelukast (30 mg/kg); 
OVA/BPTS‑50, OVA-sensitized/challenged mice treated orally 
with BPTS (50 mg/kg); and OVA/BPTS-100, OVA-sensitized/
challenged mice treated orally with BPTS (100 mg/kg).

Table I. Crude components contained in Bangpungtongseong-san (BPTS) extract.

Scientific name	 Amount (g)	 Company of purchase	 Source

Talcum	 6.375	 HMAX	 China
Glycyrrhiza uralensis	 4.5	 HMAX	 China
Gypsum	 2.625	 HMAX	 China
Scutellaria baicalensis	 2.625	 HMAX	 Jeongseon, Korea
Platycodon grandiflorum	 2.625	 Omniherb	 Yeongcheon, Korea
Ledebouriella seseloides	 1.6875	 HMAX	 China
Cnidium officinale	 1.6875	 Omniherb	 Yeongcheon, Korea
Angelica gigas	 1.6875	 Omniherb	 Pyeongchang, Korea
Paeonia lactiflora	 1.6875	 Omniherb	 Hwasun, Korea
Rheum undulatum	 1.6875	 HMAX	 China
Ephedra sinica	 1.6875	 HMAX	 China
Mentha pulegium	 1.6875	 Omniherb	 China
Forsythia koreana	 1.6875	 HMAX	 China
Erigeron canadensis	 1.6875	 HMAX	 China
Schizonepeta tenuifolia	 1.3125	 Omniherb	 China
Atractylodes japonica	 1.31	 HMAX	 China
Gardenia jasminoides	 1.3	 Omniherb	 Muju, Korea
Zingiber officinale	 6.25	 Omniherb	 Yeongcheon, Korea
Total	 44.125	  	  
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At the end of the 4 weeks of OVA challenge, bronchoalve-
olar lavage fluid (BALF) samples were obtained for analysis, 
as previously described (22). In brief, the mice were sacrificed 
48 h after the final challenge by an intraperitoneal injection 
of pentobarbital (50  mg/kg; Hanlim Pharmaceutical  Co., 
Seoul, Korea), and a tracheostomy was performed. To obtain 
BALF, ice-cold PBS (0.5  ml) was infused into the lungs 
3  times and withdrawn each time via tracheal cannulation 
(total volume 1.5 ml). Total inflammatory cell numbers were 
determined by counting cells in at least 5 squares of a hemo-
cytometer, after having excluded the dead cells by Trypan 
blue staining. To determine the differential cell count, 100 µl 
of BALF were centrifuged (200 x g, 4˚C, 10 min) onto slides 
using a Cytospin unit (Hanil Science Industrial, Seoul, Korea). 
The slides were dried, and the cells were fixed and stained 
using Diff-Quik® staining reagent (B4132-1A; IMEB Inc., San 
Marcos, CA, USA) according to the manufacturer's instruc-
tions. The supernatant obtained from the BALF Cytospin was 
stored at ‑70˚C for biochemical analysis.

Determination of total cell, eosinophil, lymphocyte, neutro-
phil and macrophage cell counts in BALF. Differential cell 
counting was performed as previously described (22).

Measurement of cytokine and chemokine levels in BALF. The 
levels of IL-4, IL-13, IL-33, tumor necrosis factor-α (TNF-α) 
and eotaxin in BALF were measured using enzyme-linked 
immunosorbent assay (ELISA) kits according to the manufac-
turer's instructions (BioSource International, Camarillo, CA, 
USA) as previously described (22).

Measurement of TGF-β1 and VEGF expression levels in lung 
tissue. c and VEGF expression levels in BALF were measured 

using the respective ELISA kits according to the manufac-
turers' instructions (TGF-β1, R&D Systems, Inc., Minneapolis, 
MN, USA; and VEGF, Immuno-Biological Laboratories Co., 
Ltd., Minneapolis, MN, USA). Total protein concentration was 
measured with a kit assay (Bio‑Rad, Hercules, CA, USA). The 
results are expressed as pg/mg protein.

Measurement of total and OVA-specific IgE expression levels 
in BALF and plasma. Serum was collected via centrifugation 
(200 x g, 10 min) and stored at ‑70˚C. Total and OVA-specific IgE 
levels were measured using ELISA as previously described (22).

Immunoblot analysis. Equal amounts of total lung protein 
(30 µg) were heated at 100˚C for 5 min, loaded onto 8% sodium 
dodecyl sulfate polyacrylamide gels and electrophoresed. The 
proteins were then transferred onto nitrocellulose membranes 
(at 100  V for 2  h), and the membranes were blocked for 
1 h with Tris‑buffered saline containing 0.05% Tween-20 
(TBST) plus 5% skim milk. The blocked membranes were 
incubated with primary antibodies against VEGF, VCAM-1, 
ICAM-1, TGF-β1 and Smad3 (all at a 1:1,000 dilution; 
Abcam, Cambridge, MA, USA) and anti-β-actin antibody 
(1:1,000 dilution; Cell Signaling Technology, Inc., Danvers, 
MA, USA) overnight at 4˚C. The membranes were washed 
three times with TBST and then incubated with a horseradish 
peroxidase-conjugated secondary antibody (1:3,000 dilution; 
Jackson ImmunoResearch Laboratories, Inc., West Grove, 
PA, USA) for 1 h at room temperature. The membranes were 
washed another 3 times with TBST and developed using the 
enhanced chemiluminescence kit (Amersham Pharmacia 
Biotech, Uppsala, Sweden) according to the manufacturer's 
instructions. For quantitative analysis, densitometric band 
values were determined using ChemiDoc (Bio-Rad).

Figure 1. Bangpungtongseong-san water extract (BPTS) inhibits the recruitment of inflammatory cells in bronchoalveolar lavage fluid (BALF) of mice 48 h 
after the final ovalbumin (OVA) challenge. Cells were isolated by centrifugation and stained with Diff-Quik stain reagent. With the use of light microscopy 
after having counted cells in at least 5 squares of a hemocytometer and having excluded dead cells with the use of Trypan blue, all inflammatory cells were 
calculated. Phosphate-buffered saline (PBS)/PBS, normal control mice treated with PBS only; OVA/PBS, OVA-sensitized/challenged mice treated orally with 
PBS; OVA/montelukast (Mon), OVA-sensitized/challenged mice montelukast (30 mg/kg); OVA/BPTS-50, OVA-sensitized/challenged mice treated orally 
with BPTS (50 mg/kg); OVA/BPTS-100, OVA-sensitized/challenged mice treated orally with BPTS (100 mg/kg). Values are expressed as the means ± SEM 
(n=7/group). **Significantly different from PBS/PBS, P<0.01; #,##significantly different from OVA/PBS, P<0.05 and <0.01, respectively.
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Histological analysis. For histological examination, before the 
lungs were removed, the left lungs were filled intratracheally 
with a fixative (0.8% formalin, 4% acetic acid) using a liga-
ture around the trachea. Tissues were embedded in paraffin, 
sectioned at 4 µm thickness, and stained with hematoxylin and 
eosin (H&E) solution (MHS-16 and HT110-1-32 respectively; 
Sigma, St. Louis, MO, USA) and periodic acid-Schiff (PAS) 
(IMEB Inc.) in order to estimate inflammation and mucus 
production, respectively. To evaluate peribronchial fibrosis, the 
sections were stained with Masson's trichrome.

For immunohistochemistry, the paraffin sections were depa-
raffinized, dehydrated, washed in PBS with 0.3% Triton X‑100 
and pre-incubated for 10 min at room temperature with 10% 
goat serum to block non-specific staining. The slides were then 
incubated with primary mouse TGF-β1 antibodies (1:100 dilu-
tion, Abcam) overnight at 4˚C. The following day, the primary 
antibodies were removed, the sections were washed and incu-
bated with biotinylated secondary antibody at 37˚C for 1 h, 
and then incubated with an avidin‑biotin‑peroxidase complex 
(Vector Laboratories Inc., Burlingame, CA, USA) at room 

temperature for 1 h. After the excess complex was removed, 
the sections were washed with PBS and incubated with 0.05% 
diaminobenzidine (1:200; Millipore, Billerica, MA, USA) for 
a further 10 min. The sections were counterstained, rinsed in 
PBS to terminate the reaction, and protected with cover slips 
for microscopic examination.

Statistical analysis. Data are presented as the means ± SD. 
Statistical significance was determined using analysis of vari-
ance followed by a multiple comparison test with Bonferroni 
adjustment. Values of p<0.05 or <0.01 were considered to 
indicate statistically significant differences. 

Results

BPTS reduces the number of inflammatory cells in BALF. 
The effects of BPTS were investigated on various cell types 
present in BALF. The repeated challenge with OVA causes 
infiltration predominantly by neutrophils. As shown in Fig. 1, 
the number of neutrophils, lymphocytes, macrophages, 
eosinophils and total cells in BALF 2 decreased significantly 
in a dose-dependent manner following treatment with BPTS.

BPTS decreases the levels of IL-4, IL-13 and eotaxin in 
BALF. The levels of IL-4, IL-13 and eotaxin in BALF were 
significantly higher in the OVA-sensitized/challenged mice 
(OVA/PBS) compared with the PBS/PBS mice (Fig. 2). The 
BPTS-treated mice presented significantly lower levels of 
these 3  compounds compared with the OVA/PBS mice. 
Similar to the Th2-type cytokine levels, the eotaxin levels 
increased in the OVA/PBS group and decreased in a dose-
dependent manner in the BPTS-treated group (Fig. 2C).

BPTS decreases the expression levels of total IgE and 
OVA-specific IgE in BALF and plasma. The expression levels 

Figure 2. Bangpungtongseong-san water extract (BPTS) reduces the levels of 
(A) IL-4, (B) IL-13, and (C) eotaxin in bronchoalveolar lavage fluid (BALF) 
of mice 48  h after the final OVA challenge. Phosphate-buffered saline 
(PBS)/PBS, normal control mice treated with PBS only; OVA/PBS, OVA-
sensitized/challenged mice treated orally with PBS; OVA/montelukast (Mon), 
OVA-sensitized/challenged mice treated orally with montelukast (30 mg/kg); 
OVA/BPTS-50, OVA-sensitized/challenged mice treated orally with BPTS 
(50  mg/kg); OVA/BPTS-100, OVA-sensitized/challenged mice treated 
orally with BPTS (100 mg/kg). Values are expressed as the means ± SEM 
(n=7/group). **Significantly different from PBS/PBS, P<0.01; #,##significantly 
different from OVA/PBS, P<0.05 and <0.01, respectively

Table  II. Levels of total IgE and ovalbumin (OVA)-specific 
IgE in bronchoalveolar lavage fluid (BALF) and plasma.

	 BALF	 Plasma
	 --------------------------------------------------------------------------
	 Total IgE	 OVA-specific IgE
Group	 (ng/ml)	 (ng/ml)

PBS/PBS	 1.50±1.11	 <0
OVA/PBS	 32.55±17.94a	 204.91±37.72a

OVA/Mon	 14.42±4.30c	 101.30±46.93c

OVA/BPTS-50	 15.49±4.99c	 115.21±44.78c

OVA/BPTS-100	 19.65±5.87b	 185.22±22.99

PBS/PBS, normal control mice treated with PBS only; OVA/PBS, 
OVA-sensitized/challenged mice treated orally with PBS; OVA/Mon, 
OVA‑sensitized/challenged mice treated orally with montelukast 
(30 mg/kg); OVA/BPTS-50, OVA-sensitized/challenged mice treated 
orally with BPTS (50  mg/kg); OVA/BPTS-100; OVA-sensitized/
challenged mice treated orally with BPTS (100  mg/kg). aP<0.01, 
significantly different from the PBS/PBS group; b,cP<0.05 and <0.01, 
significantly different from the OVA/PBS group, respectively.
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of total IgE and OVA-specific IgE in BALF and plasma were 
much higher in the OVA/PBS mice than in the PBS/PBS mice 
(Table II). The BPTS-treated mice had significantly lower 
levels of total IgE and OVA-specific IgE in BALF and plasma 
compared with the OVA/PBS mice.

BPTS decreases inflammatory infiltration, mucus hyperse-
cretion and peribronchial collagen deposition. Histological 
analysis of the lung sections of the OVA/PBS mice showed 
dense inflammatory cell infiltration into the perivascular and 
peribronchial regions, as well as increased mucus secretion 
(Fig. 3A and B). The OVA/PBS mice had significantly greater 
subepithelial and interstitial fibrosis compared with the 
PBS/PBS mice, as assessed by Masson's trichrome staining 

(Fig. 3C). Collagen levels in lung tissue, as assessed by ELISA, 
were significantly higher in the OVA/PBS mice (Fig. 3D). The 
OVA-challenged mice treated with BPTS presented signifi-
cantly lower levels of inflammatory cell infiltration, mucus 
hypersecretion and peribronchial fibrosis (including collagen 
levels) compared with the OVA/PBS mice.

BPTS decreases TGF-β1 and Smad3 expression levels in 
lung tissue. To identify the possible mechanisms underlying 
the inhibitory effects of BPTS on pulmonary fibrosis, TGF-β1 
and Smad3 expression levels were examined in relation to the 
fibrotic lung response of OVA/PBS mice. Western blot analysis 
revealed that TGF-β1 (Fig. 4A) and Smad3 (Fig. 5A and B) 
protein expression levels were significantly higher in the lung 

Figure 3. Bangpungtongseong-san water extract (BPTS) attenuates airway inflammation (arrows), mucus production (asterisks), and fibrosis (arrowheads) in lung 
tissue 48 h after the final ovalbumin (OVA) challenge. Histological examination of lung tissue with (A) hematoxylin and eosin (H&E) stain (magnification x200), 
(B) periodic acid–Schiff (PAS) (magnification x200), and (C) Masson's trichrome stain (magnification x200). Phosphate-buffered saline (PBS)/PBS; normal 
control mice treated with PBS only; OVA/PBS; OVA-sensitized/challenged mice treated orally with PBS; OVA/montelukast (Mon); OVA-sensitized/challenged 
mice treated orally with montelukast (30 mg/kg); OVA/BPTS-50; OVA-sensitized/challenged mice treated orally with BPTS (50 mg/kg); OVA/BPTS-100; 
OVA-sensitized/challenged mice treated orally with BPTS (100 mg/kg).**Significantly different from PBS/PBS, P<0.01; #,##significantly different from OVA/PBS, 
P<0.05 and <0.01, respectively.
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tissues of OVA/PBS mice compared with those of PBS/PBS 
mice, after they had undergone the final OVA challenge. BPTS 
treatment led to a significant attenuation of the increased 
TGF-β1 expression levels compared with the OVA-challenged 
mice treated with PBS (Fig. 4A). These results were consis-
tent with those obtained by ELISA analysis of the lung tissue 
(Fig. 4B) and immunohistochemistry (Fig. 4C).

BPTS decreases the expression levels of VEGF in BALF and 
lung tissue. As shown in Fig. 6A, the VEGF expression levels 
in the lung tissue were significantly higher in the OVA/PBS 
mice compared with the PBS/PBS mice. The level of VEGF 
was significantly lower in the BPTS‑treated mice compared 
with the OVA/PBS mice. Consistent with these results, the 
immunoblot analysis results (Fig. 6B and C) and immunohis-
tochemistry (Fig. 6D) of the lung sections revealed that VEGF 
was more abundant in the epithelial cells and inflammatory 
cells of the OVA/PBS mice compared with those of the PBS/
PBS mice. The BPTS-treated mice showed a reduced VEGF 
expression compared with the untreated OVA-challenged mice.

BPTS decreases the expression levels of VCAM-1 and 
ICAM-1 in lung tissue. To determine whether BPTS protects 
against asthmatic effects through VEGF, we investigated the 
expression of adhesion molecules related to inflammatory cell 
infiltration in the lungs. As shown in Fig. 7, the expression 
levels of ICAM-1 and VCAM-1 in the lung tissue were signifi-

Figure 4. Bangpungtongseong-san water extract (BPTS) reduces the expres-
sion of TGF-β1 levels in lung tissues 48 h after the final ovalbumin (OVA) 
challenge. (A) TGF-β1 protein expression levels in immunoblotting, (B) 
TGF-β1 expression levels in bronchoalveolar lavage fluid (BALF) measured 
by ELISA, (C) TGF-β1 immunoreactivity in lung tissue. Right panels show 
a higher magnification image of the area indicated by the square box in the 
left panels. Phosphate-buffered saline (PBS)/PBS; normal control mice treated 
with PBS only; OVA/PBS; OVA-sensitized/challenged mice treated orally with 
PBS; OVA/montelukast (Mon); OVA-sensitized/challenged mice treated orally 
with montelukast (30 mg/kg); OVA/BPTS-50; OVA-sensitized/challenged 
mice treated orally with BPTS (50 mg/kg); OVA/BPTS-100; OVA-sensitized/
challenged mice treated orally with BPTS (100 mg/kg). Values are expressed as 
the means ± SEM (n=7/group). **Significantly different from PBS/PBS, P<0.01; 
#,##significantly different from OVA/PBS, P<0.05 and <0.01, respectively.

Figure 5. Bangpungtongseong-san water extract (BPTS) reduces Smad3 
expression levels in lung tissues 48  h after the final ovalbumin (OVA) 
challenge. (A) Smad3 protein expression as assessed by immunoblotting. 
(B) Relative units are expressed as the relative ratio of Smad3 to β-actin. 
Phosphate-buffered saline (PBS)/PBS; normal control mice treated with PBS 
only; OVA/PBS; OVA-sensitized/challenged mice treated orally with PBS; 
OVA/montelukast (Mon); OVA-sensitized/challenged mice treated orally with 
montelukast (30 mg/kg); OVA/BPTS-50; OVA-sensitized/challenged mice 
treated orally with BPTS (50 mg/kg); OVA/BPTS-100; OVA-sensitized/chal-
lenged mice treated orally with BPTS (100 mg/kg). Values are expressed as the 
means ± SEM (n=7/group). **Significantly different from PBS/PBS, P<0.01; 
#,##significantly different from OVA/PBS, P<0.05 and <0.01, respectively. 
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cantly higher in the OVA/PBS mice compared with the PBS/
PBS mice. BPTS treatment reduced the expression of VCAM-1 
(Fig. 7A and B) and ICAM‑1 (Fig. 7C and D) compared with 
control the OVA/PBS mice.

Discussion

In the present study, we evaluated the effects of BPTS in a 
murine model of experimental chronic OVA-induced asthma. 
We measured the levels of Th2 cytokines, chemokines and 
IgE, and assessed the histopathological changes following 
treatment with BPTS in OVA-challenged mice. To determine 
whether BPTS acts through an anti-fibrotic mechanism, 
immunoblot analysis and immunohistochemistry were 
performed to measure the abundance of adhesion molecules 
(VCAM-1 and ICAM-1), VEGF, TGF-β1 and Smad3 proteins 
in lung tissue. Chronic exposure of the OVA-challenged mice 
to BPTS reduced airway inflammatory cell infiltration, as well 
as the levels of cytokines, chemokines and IgE, collagen depo-
sition, and the expression levels of VEGF, adhesion molecules, 
TGF-β1 and Smad3.

Chronic asthma is characterized by airway inflamma-
tion, remodeling of the airways and hyperresponsiveness to 
environmental stimuli. Chronic asthma is accompanied by 

thickening of the bronchial walls, epithelial damage, subepi-
thelial fibrosis, increased deposition of extracellular matrix 
proteins, and increased activity of various cytokines and 
growth factors, all of which contribute to airway remodeling. 
Airway inflammation is a hallmark characteristic of chronic 
asthma and is closely associated with Th2 cell activation 
and the release of cytokines, including IL-4, IL-5 and IL-13, 
which in turn accelerate the airway inflammatory cell infiltra-
tion (23). At elevated levels, Th2 cytokines can stimulate the 
production of growth factors, including VEGF and TGF-β1, 
thereby resulting in pulmonary fibrosis (24,25).

In our study, the administration of BPTS was found to 
reduce airway inflammatory cell infiltration and attenuate 
mucus hypersecretion by decreasing the Th2 cytokine and IgE 
expression levels. Histopathological analysis supported these 
findings, showing that BPTS attenuated both inflammatory 
cell infiltration in the peribronchial and perivascular regions, 
as well as the associated mucus production. According to these 
results, the administration of BPTS may suppress an ongoing 
Th2 response in chronic asthma.

In the current study, OVA-challenged mice displayed the 
pathophysiological features of chronic asthma, including 
airway inflammation, bronchial wall remodeling, elevated 
levels of Th2 cytokines, increased collagen concentration and 

Figure 6. Bangpungtongseong-san water extract (BPTS)  reduces the expres-
sion of VEGF in lung tissues 48 h after the final ovalbumin (OVA) challenge. 
(A) VEGF levels in BALF measured by ELISA. (B) Protein expression as 
assessed byimmunoblotting. (C) Relative units are expressed as the relative 
ratio of VEGF to β-actin. (D) VEGF immunoreactivity in lung tissue. Right 
panels show a higher magnification image of the area indicated by the square 
box in the left panels. Phosphate-buffered saline (PBS)/PBS; normal control 
mice treated with PBS only; OVA/PBS; OVA-sensitized/challenged mice 
given oral PBS; OVA/montelukast (Mon); OVA-sensitized/challenged mice 
given oral montelukast (30 mg/kg); OVA/BPTS-50; OVA-sensitized/chal-
lenged mice given oral BPTS (50 mg/kg); OVA/BPTS-100; OVA-sensitized/
challenged mice given oral BPTS (100 mg/kg). Values are expressed as the 
means ± SEM (n=7/group). **Significantly different from PBS/PBS, P<0.01; 
#,##significantly different from OVA/PBS, P<0.05 and <0.01, respectively.
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increased levels of VEGF and TGF-β1. BPTS reduced the 
concentration of both IL-4 and IL-13 in BALF. These Th2 
cytokines stimulate bronchial epithelia to secrete TGF-β1, 
by passing the need for inflammatory cells  (26). The Th2 
cytokine level reduction is closely linked to the expression 
levels of growth factors, such as VEGF and TGF-β1, which are 
considered to be important in the pathophysiological process 
of chronic asthma. Bronchial wall remodeling, a fundamental 
factor in the development of asthma, results from abnormal 
differentiation patterns of bronchial cells, in particular fibro-

blasts (27,28). Cellular responses induce IgE switching, which 
leads to mucus hypersecretion from goblet cells  (22). As 
shown by the results of the current study, the administration 
of BPTS reduced airway inflammatory cell infiltration and 
attenuated mucus hypersecretion by decreasing Th2 cytokine 
and IgE expression levels. Inflammatory cell infiltration and 
mucus hypersecretion are regulated by the elevated production 
levels of proinflammatory cytokines, in particular TGF-β, in 
regions of epithelial damage, as reflected in BALF from asth-
matics (29). Our finding that BPTS reduced VEGF, TGF-β1 
and Smad3 expression levels in the lung tissue are consistent 
with their roles in chronic asthma.

TGF-β1 is an important fibrogenic and immunomodula-
tory factor that is considered to play a pivotal role in the 
pathogenesis of airway remodeling (30). Cytokine TGF-β1 
concentration is elevated in asthma, and this increase is 
thought to be involved in the airway pathology associated with 
asthma (31). The release of TGF-β1 is regulated by eosinophils 
and is stimulated by environmental factors, such as allergens 
and cigarette smoke (32). Therefore, inhibiting the production 
of TGF-β1 or blocking its bioactivity in order to suppress 
airway collagen formation is considered a potential treatment 
strategy for preventing airway remodeling(12,33). 

In asthma, the increased vascularization of the airway 
walls correlates with an increased VEGF expression in the 
airways (34). Lee et al (24) reported direct evidence for the 
involvement of VEGF in lung tissue remodeling. VEGF is a 
multifunctional cytokine required for endothelial cell survival 
that has potent actions on vascular endothelial cells, including 
increased vascular permeability, the induction of endothelial 
cell mitogenesis and increased cell migration (35,36). 

Consistent with previous studies, the present study showed 
that OVA challenge increased TGF-β1 and VEGF expression 
levels and decreased the airway migration of eosinophils. 
These data suggest that TGF-β1 inhibition is regulated by 
the suppression of eosinophil migration. Thus, treatment 
with BPTS may prevent pulmonary fibrosis in lung tissue 
by inhibiting collagen deposition. These observations are 
consistent with our findings that VEGF, TGF-β1 and Smad3 
protein expression levels were upregulated, and pulmonary 
fibrosis was increased in OVA-challenged mice. By contrast, 
the administration of BPTS significantly blocked the pulmo-
nary fibrosis induced in OVA-challenged mice by reducing 
VEGF, TGF-β1, and Smad3 expression levels in lung tissue. 
These results suggest that BPTS attenuates pulmonary fibrosis 
induced by repeated OVA challenge, at least partly by inhib-
iting VEGF and TGF-β1‑Smad3 signaling.

In conclusion, the administration of BPTS reduces airway 
inflammation and collagen deposition by reducing Th2 cyto-
kine release and inhibiting the expression of VEGF, TGF-β1 
and Smad3 in lung tissue from OVA-challenged mice. These 
data suggest that BPTS effectively protects against chronic 
asthma symptoms, such as inflammatory cell infiltration, 
mucus-secreting goblet cell hyperplasia and collagen deposition 
in the airways, which are induced by repeated OVA challenge.
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units are expressed as the relative ratio of ICAM-1 to β-actin. Phosphate-
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OVA/PBS; OVA-sensitized/challenged mice given oral PBS; OVA/mon-
telukast (Mon); OVA-sensitized/challenged mice given oral montelukast 
(30 mg/kg); OVA/BPTS-50; OVA-sensitized/challenged mice given oral 
BPTS (50 mg/kg); OVA/BPTS-100; OVA-sensitized/challenged mice given 
oral BPTS (100 mg/kg). Values are expressed as means ± SEM (n=7/group). 
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