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Abstract: Airway smooth muscle (ASM) cell proliferation and migration play important roles in airway remodeling in 
asthma. In vitro platelet-derived growth factor (PDGF) induced ASM cell proliferation and migration. Baicalin is one 
of flavonoid extracts from Scutellaria baicalensis, which has an anti-asthma effect. However, little is known about 
its role in PDGF-induced proliferation and migration in rat ASM (RASM) cells. In this study, we aimed to investigate 
the effects of baicalin on PDGF-induced RASM cell proliferation and migration. We also identified the signaling 
pathway by which baicalin influences RASM cell proliferation and migration. In the current study, we demonstrated 
that baicalin suppressed PDGF-induced RASM cell proliferation, arrested PDGF-induced cell-cycle progression. It 
also suppressed PDGF-induced RASM cell migration. Furthermore, baicalin suppressed PDGF-induced expression 
of phosphorylated p38, ERK1/2 and JNK in RASM cells. In summary, our study is the first to show that baicalin 
pretreatment can significantly inhibit PDGF-induced RASM cell proliferation and migration by suppressing the MAPK 
signaling pathway, and baicalin may be a useful chemotherapeutic agent for asthma.
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Introduction

Asthma is a chronic inflammatory disease of 
the lower airways, associated with various 
comorbidities and characterized by airflow 
obstruction, airway inflammation and airway 
remodeling [1]. It is believed that airway smooth 
muscle (ASM) cell proliferation and migration 
play important roles in airway remodeling [2]. 
Previous studies have shown that some inflam-
matory mediators, such as platelet-derived 
growth factor (PDGF) and transforming growth 
factor-β (TGF-β), are greatly elevated in the lung 
of asthmatic patients and are thought to pro-
mote proliferation and migration of ASM cells 
[3-5]. Therefore, inhibiting PDGF-induced prolif-
eration and migration of ASM cells may be a 
therapeutic method for asthma.

Baicalin is one of the main bioactive flavone 
glucuronides derived as a medical herb from 
the dried roots of Scutellaria baicalensis Georgi 
[6]. Baicalin has been shown to possess anti-
bacterial [7], anti-tumor [8] and anti-inflamma-
tory [9] properties. It has also been shown to 
protect against ischemia-reperfusion injury in 
various organs, because of its anti-oxidative, 

anti-inflammatory and anti-apoptotic effects 
[10-13]. Recent studies showed that baicalin 
has an anti-asthma effect. Sun et al. reported 
that baicalin inhibited ovalbumin-induced asth-
matic airway remodeling mice model by 
decreasing expression of transforming growth 
factor-β1, interleukin (IL)-13, and vascular 
endothelial growth factor [14]. Another study 
showed that baicalin inhibited ovalbumin-
induced airway resistance and eosinophil 
count, as well as the levels of IL-4, IL-17A [15]. 
However, little is known about its role in PDGF-
induced proliferation and migration in rat ASM 
(RASM) cells. We undertook the present study 
to determine the effect of baicalin on PDGF-
induced RASM cell proliferation and migration. 
We also identified the signaling pathway by 
which baicalin influences RASM cell prolifera-
tion and migration.

Materials and methods

Cell culture

Primary cultures of rat airway smooth muscle 
(RASM) cells from 8-week-old SD rats were iso-
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lated and identified as previously described 
[16]. All animal experiments were approved by 
the Experimental Animal Ethics Committee of 
the second Hospital of Shanxi Medical 
University.

Cell proliferation assay

RASM cells were seeded in 96-well plates at 1 
× 104 cells/well. Then, cells were treated with 
various concentrations of baicalin (10, 25 and 
100 nM) for 1 h, followed by incubation with 10 
ng/mL PDGF-BB for 24 h. Cell proliferation was 
assayed with the Cell Counting Kit-8 (CCK-8) 
(Dojindo, Kumamoto, Japan). The optical densi-
ty value (OD) of each well was detected at a 
wave length of 570 nm by a spectrophotometer 
(Multiskan MK3, Thermo Labsystem, Waltham, 
MA).

Cell cycle assay

RASM cells were seeded in 6-well plates and 
treated with PDGF in the presence or absence 
of baicalin for 24 h. Cells were then harvested 
and fixed with ice-cold 70% (v/v) ethanol for 24 
h. After an additional washing, cells were 
incubated with RNase A (20 µg/mL) at 37°C for 
30 min, stained with propidium iodide (100 µg/
mL; Sigma Aldrich) for 10 min, and analyzed 

with flow cytometry using a FACScan flow- 
cytometer (Becton-Dickinson, San Jose, CA).

Transwell assay

RASM cell migration was measured with the 
transwell migration assay. In brief, RASM cells 
were digested and resuspended gently in 
DMEM/F-12 medium containing 2% FBS with or 
without baicalin and inoculated into the inner 
chambers at a concentration of 5 × 104 cells/
well. Six hundred microliter of DMEM/F-12 
medium containing 10% FBS with or without 
PDGF was pipetted into each outer chamber. 
After incubation in a humidified atmosphere of 
5% CO2/95% air at 37°C for 24 h, the mem-
brane with cells was fixed. Non-migrated cells 
were removed from the upper chamber using a 
cotton bud, whereas the migrated cells were 
stained with Wright’s stain. The number of cells 
per four high power fields was counted under a 
microscope. Cells counted in each field were 
averaged and normalized to a non-stimulated 
control. Each treatment was performed in 
triplicate.

Real-time PCR

Total RNA was extracted from ASMCs by Trizol 
reagents (Invitrogen) and reverse transcribed 

Figure 1. Baicalin inhibited PDGF-induced RASM cell proliferation. A: RASMCs were pre-treated with baicalin for 1 
h before stimulation with 10 ng/mL PDGF for 24 h. Cell proliferation was determined by CCK-8 test. B: Representa-
tive western blot analysis for PCNA protein. All experiments were repeated three times (n = 3). Data is shown as the 
mean ± SD; *P<0.05 vs. control group; &P<0.05 vs. PDGF group.
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to obtain single-strand cDNA using a Reverse 
Transcription System (Promega) in accordance 
with the manufacturer’s protocol. Quantitative 
real-time PCR was performed on ABI Step One 
(Applied Biosystems, Foster City, CA, USA). The 
primer sequences used in this study were as 
follows: matrix metalloproteinase (MMP)-9 
(primers, sense 5’-AAGGATGGTCTACTGGCAC-3’; 
antisense 5’-AGAGATTCTCACTGGGGC-3’), β- 
actin (primers, sense 5’-TCATGAAGTGTGACG- 
TTGAC-3’; antisense 5’-CCTAGAAGCATTTGCGG- 
TGC-3’). The reactions were initially heated at 
94°C for 4 min; then at 94°C for 40 s, 60°C for 
40 s and 72°C for 50 s, totally 40 cycles; finally 
stopped at 72°C for 7 min. Relative gene 
expression was determined by the ΔΔCT meth-
od using the β-actin as an internal control.

Western blot

Cells were homogenized and the total proteins 
were extracted by RIPA lysis buffer (Beyotime 
Biotech. CO., China). Equal amounts of protein 
(40 μg/lane) were resolved by 12% SDS-PAGE 
and transferred to a nitrocellulose membrane 
(Amersham Pharmacia, Germany). Then, the 
membrane was blocked by incubating with 5% 
nonfat milk in Tris-buffered-saline with Tween 
(TBST; 10 mM Tris-HCl, pH of 7.5, 150 mM 
NaCl, and 0.05% Tween-20) at room tempera-
ture for 1 h. Immunodetection of target proteins 

(PCNA, cyclinD1, MMP-9, p-ERK1/2 and total 
ERK/2, p-JNK and total JNK, p-p38 MAPK and 
total p38 MAPK) and β-actin was performed 
using rabbit monoclonal antibody (1:1500, 
Santa Cruz), and anti-β-actin (Santa Cruz), 
respectively. After washing with PBST, the 
membranes were incubated with the second-
ary antibody (Goat Anti Rabbit IgG/HRP 
(1:10,000)) at room temperature for 1 h. The 
immunoreactive protein bands were visualized 
using an enhanced chemiluminescence detec-
tion system (Amersham, Little Chalfont, UK).

Statistical analysis

Experimental results were presented as mean 
± SD. Statistical significance was assessed by 
one-way ANOVA followed by Bofferoni’s test. 
Statistical significance was determined when 
P<0.05.

Results

Baicalin inhibited PDGF-induced RASM cell 
proliferation

To explore the effect of baicalin on RASM cell 
proliferation, we adopted a CKK-8 assay. As 
shown in Figure 1A, we found that PDGF obvi-
ously promoted RASM cell proliferation as com-
pared to the control group, while pretreatment 

Figure 2. Baicalin inhibited PDGF-induced RASM cell cycle. A: RASMCs were pre-treated with baicalin for 1 h before 
stimulation with 10 ng/ml PDGF for 24 h. Cell cycle analysis was performed using FACScan flow cytometer. Cell cycle 
distributions were expressed as the percentage of total cells. B: Representative western blot analysis for cyclin D1 
protein. All experiments were repeated three times (n = 3). Data is shown as the mean ± SD; *P<0.05 vs. control 
group; &P<0.05 vs. PDGF group.
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with baicalin significantly prevented PDGF-
induced RASM cell proliferation in a concentra-
tion-dependent manner. Moreover, we evaluat-
ed the effect of baicalin on PCNA expression in 
PDGF-induced RASM cells. As shown in Figure 
1B, PDGF significantly up-regulated the expres-
sion of PCNA as compared to the control group, 
while baicalin pretreatment significantly atten-
uated PDGF-induced up-regulation of PCNA 
protein. These results demonstrated that 
baicalin pretreatment inhibited PDGF-induced 
RASM cell proliferation.

Baicalin inhibited PDGF-induced RASM cell 
cycle

To further interpret the effect of baicalin on 
PDGF-induced RASM cell proliferation, we inves- 

tigated the effect of baicalin on cell cycle in 
PDGF-induced RASMCs. As shown in Figure 2A, 
PDGF induced the entry of RASM cells to syn-
thesis phase (S-phase) to undergo prolifera-
tion, with 63.1 ± 2.1% cells in G0/G1 phase 
(P<0.05 vs. 76.2 ± 3.7% in the control) and 
31.4 ± 2.6% in S-phase (P<0.05 vs. 19.3 ± 
1.5% in the control), while pretreatment with 
baicalin (50 nM) significantly arrested the cell 
cycle at G2/M phase (28.1 ± 3.1% vs. 4.5 ± 
1.2% in the PDGF group, P<0.05). In addition, 
we tested the effect of baicalin on cell cycle 
related protein, cyclin D1. As shown in Figure 
2B, PDGF significantly up-regulated the expres-
sion of cyclin D1 as compared to the control 
group, while baicalin pretreatment significantly 
attenuated PDGF-induced up-regulation of 
cyclin D1 protein in RASM cells.

Figure 3. Baicalin inhibited PDGF-induced 
RASM cell migration. A: RASMCs were pre-
treated with baicalin for 1 h before stimula-
tion with 10 ng/ml PDGF for 24 h. RASM mi-
gration increased 2-fold in PDGF-BB-induced 
vs. vehicle-treated cells. Baicalin inhibited 
PDGF-induced RASM cell migration in a dose-
dependent manner. B: Real-time PCR was 
performed to analyze the mRNA level of 
MMP-9. C: Representative western blot analy-
sis for MMP-9 protein. All experiments were 
repeated three times (n = 3). Data is shown 
as the mean ± SD; *P<0.05 vs. control group; 
&P<0.05 vs. PDGF group.
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Baicalin inhibited PDGF-induced RASM cell 
migration

Next, we evaluated the effect of baicalin on 
PDGF-induced RASM cell migration by tran-
swell assay. As shown in Figure 3A, PDGF sig-
nificantly increased the number of cells that 
migrated through the membrane as compared 
to the control, while pretreatment with baicalin 
significantly suppressed PDGF-induced RASMC 
migration compared to the PDGF group. In addi-
tion, we tested the effect of baicalin on MMP-9 

expression. As shown in Figure 3B and 3C, 
PDGF obviously up-regulated the expression of 
MMP-9 as compared to the control group, how-
ever, baicalin pretreatment significantly attenu-
ated PDGF-induced MMP-9 expression in 
RASM cells.

Effect of baicalin on MAPK expression in 
PDGF-induced RASM cells

To further elucidate the mechanism of baicalin-
inhibited RASMCs proliferation and migration 

Figure 4. Effect of baicalin on MAPK expression in PDGF-induced RASM cells. A: RASM cells were growth-arrested 
and pretreated with baicalin for 24 h, followed by PDGF stimulation for 24 h. Detection of total and phosphorylated 
protein levels of ERK1/2, JNK or p38 MAPK by western blot analysis. B-D: The phosphorylated ERK1/2, JNK or p38 
MAPK bands were quantified by densitometry and expressed as a fold change. All experiments were repeated three 
times (n = 3). Data are showed as the mean ± SD; *P<0.05 vs. control group; &P<0.05 vs. PDGF group.
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induced by PDGF, we investigated the effect of 
baicalin on MAPK expression. As shown in 
Figure 4, PDGF significantly increased the ex- 
pression levels of phosphorylated p38, ERK1/2 
and JNK in RASM cells as compared to the con-
trol, while pretreatment with baicalin signifi-
cantly suppressed PDGF-induced expression of 
phosphorylated p38, ERK1/2 and JNK in RASM 
cells.

Discussion

In the current study, we demonstrated that 
baicalin suppressed PDGF-induced RASM cell 
proliferation, arrested PDGF-induced cell-cycle 
progression. It also suppressed PDGF-induced 
RASM cell migration. Furthermore, baicalin 
suppressed PDGF-induced expression of phos-
phorylated p38, ERK1/2 and JNK in RASM 
cells.

It has been reported that pretreatment with 
baicalin has a dose-dependent inhibitory effect 
on PDGF-BB-stimulated vascular smooth mus-
cle cell (VSMC) proliferation, accompanied with 
the reduction of PCNA expression [17]. Baicalin 
also attenuates transforming growth factor-β1-
induced human pulmonary artery smooth mus-
cle cell proliferation [18]. Consistent with these 
results, here, we found that pretreatment with 
baicalin significantly prevented PDGF-induced 
RASM cell proliferation and attenuated PDGF-
induced up-regulation of PCNA protein in a con-
centration-dependent manner. These results 
suggested that baicalin pretreatment inhibited 
PDGF-induced RASMCs proliferation.

In cell cycle progression, we found that pre-
treatment with baicalin significantly blocked 
the G2/M phase transition by PDGF. Cyclin D1 
is a cyclin-dependent subunits and important 
for cell cycle progression in airway smooth 
muscle cells [19]. Results of the present study 
show that baicalin pretreatment significantly 
attenuated PDGF-induced up-regulation of 
Cyclin D1 protein in RASMCs. Song et al. report-
ed that baicalin inhibited cell proliferation via 
down-regulation of cyclin D1 expression in insu-
linoma cells [20]. These results suggested that 
baicalin pretreatment inhibited PDGF-induced 
RASMCs proliferation by inhibiting cell cycle 
progression.

Migration of ASM cells is not only essential for 
development of hollow airways and the respira-

tory system but also important for airway 
remodeling in asthma [2, 21]. Elevated levels of 
PDGF have been observed in asthma, and 
PDGF can induce ASM cell migration in vitro 
[22]. Furthermore, it has been shown that treat-
ment of baicalin inhibited the migration of 
endothelial cells and the differentiation of 
endothelial cells into branching networks of 
tubular structures in vitro, as well as the MMP-2 
activity [23]. Results of the present study show 
that pretreatment with baicalin significantly 
prevented PDGF induced RASM cell migration. 

Mitogen-activated protein kinase (MAPK) sig-
naling pathway plays an important role in air 
remodeling [24]. Among the best-characterized 
mammalian MAPKs are 1) the 42- and 44-kDa 
extracellular signal-regulated kinases (ERKs) 
ERK2 and ERK1; 2) the c-Jun amino-terminal 
kinase (JNK); and 3) p38 MAPK [25]. The acti-
vation of ERK by various substances, such as 
TGF-β [26], PDGF [27], beta-hexosaminidase A 
[28] and endothelin [29] increased ASM cell 
proliferation and migration. Consistent with 
these results, we show that PDGF significantly 
increased the expression levels of phosphory-
lated p38, ERK1/2 and JNK in RASM cells. 
Previous studies have indicated that baicalin 
could notably down-regulate the phosphoryla-
tion of proteins in MAPK signaling pathway 
such as p-MRK1/2, p-ERK and p-p38 in oxy-
gen-glucose deprivation (OGD)-injured brain 
microvascular endothelial cells (BMECs) [30]. In 
this study, western blot analyses revealed that 
baicalin drastically reduced PDGF-induced 
expression of phosphorylated p38, ERK1/2 
and JNK in RASM cells. These results suggest 
that baicalin inhibited RASM cell proliferation 
and migration induced by PDGF through sup-
pressing the MAPK signaling pathway.

Collectively, our study is the first to show that 
baicalin pretreatment can significantly inhibit 
PDGF-induced RASM cell proliferation and 
migration by suppressing the MAPK signaling 
pathway, and baicalin may be a useful chemo-
therapeutic agent for asthma.
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