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Background. Scutellaria baicalensis (SB) is commonly used in traditional Chinese medicine for chronic inflammatory diseases.This
study aims to investigate the effects of the early intervention with SB on airway remodeling in a well-established rat model of
COPD induced by cigarette smoking. Methods. COPD model in Sprague Dawley (SD) rats were established by exposing them to
smoke for 6 days/week, for 12 weeks, 24 weeks, or 36 weeks. Meanwhile, rats were randomly divided into normal control group,
model group, Budesonide (BUD) group, and the SB (low, middle, and high) dose groups with 8 rats in each group and 3 stages (12
weeks, 24 weeks, and 36 weeks). After treatment, the pulmonary function was evaluated by BUXCO system and the morphology
changes of the lungs were observed with HE and Masson staining. The serum IL-6, IL-8, and IL-10 and TNF-𝛼, TGF-beta (TGF-
𝛽1), MMP-2, MMP-9, and TIMP-1 levels in BALF were detected by ELISA-kit assay. The protein expression levels of AKT and
NF-𝜅B (p65) were determined by western blot (WB). Results.The oral of SB significantly improved pulmonary function (PF) and
ameliorated the pathological damage and attenuated inflammatory cytokines infiltration into the lungs. Meanwhile, the levels of
TGF-𝛽, MMP-2, MMP-9, and TIMP-1 were partially significantly decreased. The levels of PI3K/AKT/NF-𝜅B pathway were also
markedly suppressed by SB. Conclusions. SB could significantly improve the condition of airway remodeling by inhibiting airway
inflammation and partially quenching TGF-𝛽 and MMPs via PI3K/AKT/NF-𝜅B pathway.

1. Introduction

Chronic obstructive pulmonary disease (COPD), character-
ized by presence of progressive and not fully reversible airflow
obstruction, is a major cause of morbidity and mortality
across the globe [1]. Even worse, World Health Organization
(WHO) predicts that it will rise to the third leading cause by
2030 [2]. It is increasingly clear that remodeling of the periph-
eral airway wall in COPD is the core hallmark contributing
to airflow limitation and involves airway and blood vessel
factors [3, 4]. Risk factors have been actively investigated,
and chronic exposure to tobacco smoke is the main trigger
of inflammation in COPD [5]. Of note, evidence indicates

that chronic inflammation is a causative factor leading to
airway wall thickening, alveolar detachments, and reduction
of airway-parenchyma interdependence leading to luminal
narrowing [5, 6]. What is more, being exposed to proinflam-
matory agents frequently or for a long time may contribute
to damage and metaplasia of the respiratory epithelium
and exert angiogenic and antiangiogenic effects [7, 8]. Then
activated epithelial cells transform into mesenchymal ones
andmeanwhile large quantities of cytokines/chemokines and
metalloproteinases are expressed [9] and in turn aggravate
lung injury, which form a vicious circle. A repair process in
response to airway injuries resulting from sustained inflam-
mation or mechanical stretch can stimulate the development
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of airway remodeling [10]. When COPD develops, an active
and complex remodeling process is present in the peripheral
lung [11] and the circle speeds up the formation of airway
remodeling.

Throughout, airway remodeling is a dynamic process
that is active and potentially progressive, but that can be
prevented by appropriate therapy [12]. So far, managements
involve long-acting bronchodilators (LB), comprised of long-
acting beta2-agonists (LABA) and tiotropium, inhaled corti-
costeroid (ICS), phosphodiesterase, leukotriene antagonists,
and so on [1, 13]. However, they can only reduce the number
and severity of exacerbation and established symptoms and
have a limited effect on slowing down the progression of
lung damage, inflammation, and airway remodeling [14].
Furthermore, the use of these drugs is often accompanied by
undesirable side effects.

In China, many years of clinic studies have demon-
strated that Scutellaria baicalensis (SB) is frequently used in
the treatment of influenza, cancer, oxidative activities, and
chronic inflammatory diseases in the respiratory system in
traditional Chinese medicine (TCM) [15]. Nevertheless, few
articles have studied the effectiveness of SB treatment on
airway remodeling of SB in COPD. Therefore, we aimed to
study the effect of SB on airway remodeling of CS mediated-
COPD rats model.

2. Materials Studies
2.1. Experimental Animals andGrouping. Male SpragueDaw-
ley (SD) rats (8 weeks old, weighed 180–200 g) were pur-
chased from s&p-Shall Kay Laboratory Animal Co., Ltd.
(Shanghai, China), and then were housed at a constant
temperature (23∘C) under a 12 h light-dark cycle (lights on
from 7:00 a.m. to 7:00 p.m.) and had free access to food and
water. After one week of conditioning, a total of 140 male SD
rats were randomly divided into 6 groups (𝑛 = 24 per group,
4 per cage): normal control group (NC group), COPDmodel
group, SB low-dose group (1.5mg/(kg⋅d)), SB middle-dose
group (3mg/(kg⋅d)), SB high-dose group (6mg/(kg⋅d)), and
Budesonide (BUD) group (0.2mg/(kg⋅d)). The protocol has
the approval of the Animal Experimental Ethical Committee
of Fudan University and all animal studies were approved by
the Institutional Review Board of Shanghai Medical College
of Fudan University (permit number: SYXK (hu) 2010–0099)
and in accordance with the guidelines for animal use of
National Institutes of Health.

2.2. Tobacco Exposure. The experimental model of COPD
was established by being exposed whole body to tobacco
smoke 20 3R4F research cigarettes (Tobacco and Health
Research Institute, University of Kentucky, KY) for 1
hour/day, 6 days/week, for either 12, 24, or 36 weeks. Three
cigarettes for each challenge were smoked using a smoking
machine and the cigarette smoking (CS) was consistently
delivered into the chamber at a rate of approximately 15min
per cigarette; then open the lid andmeanwhile let the rats rest
for 5 minutes. Totally, rats were kept in the smoked chamber
for 1 hour (h) in the morning and 1 h in the afternoon, 6
days a week, for 12, 24, and 36 weeks [16, 17]. Animals in
control group underwent the same procedure but filtered

air exposure. The amount of cigarette was increased with
gradient to reach target dose.

2.3. Drugs and Delivery. SB was purchased from Chengdu
Must Bio-Technology Co., Ltd. (Chengdu, China). Rats were
dosed with SB (1.5mg/(kg⋅d), 3mg/(kg⋅d), and 6mg/(kg⋅d))
by intragastric administration in 0.3ml volume per day for
six days 1 hour before exposure to cigarette smoke (CS). The
control group was dosed with 0.9% of physiological saline at
the same volume under the same procedure, while the COPD
model group was treated with Budesonide 0.2mg/(kg⋅d),
as a positive control drug by using ultrasonic atomizing
inhalation, and was administered just the same as NC group.

2.4. Pulmonary Function. Briefly, after the last exposure, rats
were anesthetized with 2% pentobarbital sodium (1ml/100 g
ip). Then a tracheotomy was made and the tracheal tube
was inserted with a suture around the trachea. Rats were
put into the whole-body plethysmography chamber (Buxco,
USA) for anesthetized animals and the inserted tracheal tube
was connected to the ventilator. The use of this method
permitted continuous monitoring of a number of ventilatory
parameters, including the ratio of forced expiratory volume in
the first 0.1 seconds (FEV0.1) and forced vital capacity (FVC)
(FEV0.1/FVC%);maximalmid-expiratory flow (MMEF); and
peak expiratory flow (PEF).

2.5. BALF Collection. After pulmonary function measure-
ment, the lungs were then lavaged by inserting a cannula
into the trachea with 460.3ml aliquots of ice-cold sterile
phosphate-buffered saline (PBS). All aliquots were combined
for individual mice. The BALF was immediately centrifuged
at 1500𝑔 for 10min at 4∘C, and the cell-free supernatant was
stored at −80∘C.

2.6. Blood Collection. Immediately after the BALF collection,
blood collection was conducted from the orbital venous
plexus; blood was stored at 4∘C for 2 hours and then
centrifuged at 5000×g at 4∘C for 15 minutes. The serum was
collected, repackaged, and stored at −80∘C for ELISA assays.

2.7. Pulmonary Histopathology. The right lobe of the lung
was removed, fixed in 4% paraformaldehyde for 24 hours,
and embedded in paraffin for histopathology analysis. Lung
tissues were cut into 2 um thick sections, stained with
hematoxylin-eosin (HE) and Masson, and examined for
airway inflammation changes by light microscopy.

To quantitate bronchial wall thickness, a modification
of the approach once used by Han et al. [18] was applied.
Firstly, diameter of 200 um in 3 bronchioles per lung section
was randomly outlined and then area sizes were measured
using MIQAS. The bronchial wall thickness was calculated
as follows: smooth muscle area (WAsm) = the lateral area
of the smooth muscle layer (Asmo) − the medial area of the
smooth muscle layer (Asmi). Tube wall perimeter (Pi) was
standardized. The results in the smooth muscle layer area
per unit length (WAsm/Pi, um2/um) represent the smooth
muscle layer thickness. Similarly, to quantitate the thickness
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of pulmonary arteriolar smooth muscle (PASM), the above
methods were employed.

In addition, to evaluate to the mean linear intercepts
(MLI), we instead assessed the change of air space size by a
modified procedure once used by Sato et al. [19]. Firstly, we
randomly selected fields in each section at×100magnification
and then calculated the numbers of alveolar septum in the
area. The destructive index (DI) was calculated using the
method described by Saetta et al. [20] of determining the
destruction of the alveolar wall. Three randomly selected
fields in each section at ×100 magnification were used to
measure DI.

2.8. Cytokine Analysis. IL-6, IL-8, and IL-10 in serum and
TNF-𝛼, TGF-𝛽1, MMP-2, MMP-9, and tissue inhibitor of
metalloproteinase-1 (TIMP-1) levels in BALF were measured
by ELISA-kit according to the manufacturer’s instructions.

2.9. Western Blot (WB). Western blotting was performed
as previously reported [21], and quantitative analyses were
performed using Image J software.

2.10. Statistical Analysis. The results were expressed as mean
± standard deviation. Statistical analyses were performed
using analysis of variance or Student’s 𝑡-tests. Data were
undertaken using the SPSS18.0 package and a 𝑃 value less
than 0.05 was considered statistically significant.

3. Results

3.1. Effects of SB on Pulmonary Function in CS-Exposed
Rats. Lung function test showed that FEV0.1/FVC (%), PEF,
and MMEF were significantly lower in the groups with
COPD than the normal control groups (𝑃 < 0.01, Figures
1(a), 1(b), and 1(c)), while FRC of the COPD groups was
significantly higher than that of the normal control groups
(𝑃 < 0.01, Figure 1(d)). SB showed improvement of lung
function between the normal groups and the model groups,
and the differences were statistically significant (𝑃 < 0.05 or
𝑃 < 0.01, Figures 1(a), 1(b), and 1(c)). Whereas rats treated
with SB showed significant (𝑃 < 0.05, Figure 1) growth on
FEV0.1/FVC, PEF, and MMEF (Figures 1(a), 1(b) and 1(c)),
they showed decrease on FRC (Figure 1(d)) compared with
CS-exposed rats in time-dependent manner. High dose of
SB had better effect than both low-dose and middle-dose.
Besides, FEV0.1/FVC and FRC in the model groups made
no difference compared to BUD groups (Figures 1(a) and
1(d)). Nevertheless, when opposed to BUD, SB showed more
promising effect as time went by.

3.2. Effects of SB on Lung Histological Examination. Com-
pared to normal groups, the histological analysis of lung
tissue of the model groups presented the following features:
after 12 weeks obvious inflammatory cells infiltration and
notable edema; abundance of goblet cells, extensive areas of
mucous secretions, and inflammatory cells within the lumen
of the small bronchial airway; extensive areas of epithelial
metaplasia and loss along the central bronchial airway;
alveolar expansion, rupture, and fusion; significantly thicker
pulmonary arterial wall and so on (Figures 2(a), 2(b), 3(a) and

3(b)). SB treatment can help improve the typical pathological
features of COPD. As shown in HE and Masson staining,
compared to the model groups, airway inflammation and
edema, goblet cell hyperplasia, and alveolar expansion and
fusion were reduced more greatly at 12 weeks with every
dose (Figures 2 B-1, D-1, E-1, and F-1 and Figures 3 B-
1, D-1, E-1, and F-1). Additionally, at 24 and 36 weeks,
compared with the normal groups, chronic bronchitis and
obstructive emphysema were observed in low-dose groups,
but inflammatory cell infiltration was significantly decreased
(Figures 2 A-2, A-3, D-2, and D-3). Administration of middle
and high dosage of SB resulted in a significant decrease of the
lung inflammation score after 12 weeks compared with other
groups, even much better than BUD groups (Figures 2 C-1,
E-1, and F-1); however, small pulmonary arteries and small
bronchial smooth muscle layer showed marked thickness,
including the presence of bronchial lumen stenosis (Figures
2 C-1, E-1, and F-1).

In addition, our data showed that every dosage of SB
can effectively reduce both MLI and DI in dose-dependent
manner, which displayed significant differences between CS
and normal groups (𝑃 < 0.05 or 𝑃 < 0.01, Figures 4(a)
and 4(b)). Furthermore, at 12 weeks there was a significant
difference between SB- or BUD-treated rats and the normal
groups (𝑃 < 0.01, Figures 4 A-1 and B-1), which indicated
that SB can improve the degree of lung parenchyma injury
and are superior to BUD. What is more, in the course of the
experiment, SB slowed down the progress of emphysema.

3.3. Effects of SB on Airway Remodeling Assessment. As men-
tioned above, HE and Masson staining pathological section
of lung tissue in model groups showed a progressive process
of airway inflammation and remodeling. The thickness of
bronchial smooth muscle and PASM in 200 um and the
model groups were significantly higher than the normal
groups (𝑃 < 0.05 or 𝑃 < 0.01, Figures 5(a) and 5(b)). At 36
weeks, SB in every dose group could improve the thickening
of bronchial smooth muscle and PASM in a dose-dependent
manner (Figure 5) and but only the high-dose group had the
equal effect to BUD group and had a significant difference
(𝑃 < 0.05, Figure 5) compared with the model group.

3.4. Effects of SB on Level of CS-Induced IL-6, IL-8, and IL-
10 in Serum. To further characterize the effects of SB on
airway modeling by modulating inflammatory response to
CS exposure, we analyzed some inflammatory cytokines,
proinflammatory cytokine IL-6, IL-8, and anti-inflammatory
cytokine IL-10. As shown in Figure 6, compared with normal
group, the level of IL-6 and IL-8 in the model group signifi-
cantly increased (𝑃 < 0.01), but IL-10 decreased (𝑃 < 0.01)
in time-dependentmanner. Comparedwith themodel group,
the serum level of IL-6 and IL-8 in BUD group decreased
significantly (𝑃 < 0.01, Figures 6(a) and 6(b)), while the
serum level of IL-10 increased significantly (𝑃 < 0.05 or
𝑃 < 0.01, Figure 6(c)).The same as BUD groups, SB were able
to decrease IL-6 and IL-8 serum level as dosage increased;
in contrast, the level of IL-10 increased as dosage increased
(𝑃 < 0.05 or 𝑃 < 0.01, Figure 6). Changes to the serum level
of IL-6, IL-8, and IL-10 at the middle and high dosage were
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(a)

(b)

(c)

(d)

Figure 1: The effect of SB on pulmonary function in CS-exposed rats of different stages. Rats were exposed to CS for 12 weeks, 24 weeks, and
36 weeks with SB (1.5, 3, and 6mg/(kg⋅d)) or BUD (0.2mg/(kg⋅d)). Pulmonary function: FEV0.1/FVC (%) (a), PEF (b), MMEF (c), and FRC
(d) were measured which indicated the model of COPD was successfully established. Data are mean ± SEM (𝑛 = 8). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01,
compared with the normal control group. #𝑃 < 0.05, ##𝑃 < 0.01, compared with the COPD model group. ∧𝑃 < 0.05, ∧∧𝑃 < 0.05, compared
with BUD group. CS = cigarette smoking; SB = Scutellaria baicalensis; BUD = Budesonide; FEV0.1 = forced expiratory volume in the first
0.1 seconds; FVC = forced vital capacity; PEF = forced expiratory flow; MMEF = maximum mid expiratory flow rate; and FRC = functional
residual capacity.
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Figure 2: The effect of SB on histological examination by HE staining. Rats were exposed to CS for 12, 24, and 36 weeks with SB (1.5, 3, and
6mg/(kg⋅d)) or BUD (0.2mg/(kg⋅d)). Lung tissue was stained using H&E being examined. (a) NC group; (b) COPD model group; (c) BUD
group; (d) SB low-dose group; (e) SB middle-dose group; and (f) SB high-dose group. Original magnification, ×200. CS = cigarette smoking;
HE = hematoxylin and eosin staining; SB = Scutellaria baicalensis; BUD = Budesonide; and NC = normal control.
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(a)
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(d)
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Figure 3: The effect of SB on histological analysis revealed typical pathological features by Masson staining. Pictures presented the histology
of lung by Masson at three stages, 12 weeks, 24 weeks, and 36 weeks, respectively. (a) NC group; (b) COPD model group; (c) BUD group;
(d) SB low-dose group; (e) SB middle-dose group; and (f) SB high-dose group. Original magnification, ×200. CS = cigarette smoking; SB =
Scutellaria baicalensis; BUD = Budesonide; and NC = normal control.



Evidence-Based Complementary and Alternative Medicine 7

(a)

(b)

Figure 4: The effect of SB on MLI and DI. Values of MLI and DI were calculated as described in Materials and Methods. Data are mean ±
SEM (𝑛 = 8). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared with the normal control group. #𝑃 < 0.05, ##𝑃 < 0.01, compared with the COPDmodel group.
∧
𝑃 < 0.05, ∧∧𝑃 < 0.05, compared with BUD group. SB = Scutellaria baicalensis; BUD = Budesonide; MLI = mean linear intercepts; and DI =
destructive index.

all statistically significant (𝑃 < 0.05 or 𝑃 < 0.01, Figure 6).
However, there was almost no significance between SB and
BUD groups (𝑃 > 0.05, Figure 6).

3.5. Effects of SB on Level of CS-Induced TNF-𝛼, TGF-𝛽1,
MMP-2, MMP-9, and TIMP-1 Level in BALF. Compared
with the normal control group, the BALF levels of TNF-𝛼,
TGF-𝛽1, MMP-2, MMP-9, and TIMP-1 in the model group
significantly increased (𝑃 < 0.05 or 𝑃 < 0.01, Figure 7) as
time went on. Compared with the model group, the levels of
TNF-𝛼, TGF-𝛽1, MMP-2,MMP-9, and TIMP-1 in BALF were
significantly decreased in the BUD group (𝑃 < 0.05 or 𝑃 <
0.01, Figure 7), but the levels of TGF-𝛽1,MMP-2,MMP-9, and
TIMP-1 in SB groups gradually reduced to some degree and
as dosage increased (𝑃 < 0.05 or 𝑃 < 0.01, Figure 7). What is
more, changes to these cytokines except MMP-2 and TNF-𝛼
(at 36 weeks) at highest dosage were all statistically significant
(𝑃 < 0.01, Figure 7A-1) comparedwith themodel groups, but
they all were partially better than those of BUD group (𝑃 <
0.05 or 𝑃 < 0.01, Figure 7), whereas the highest efficacy of SB
to MMP2 is at middle dosage (24mg/(kg⋅d), Figure 7(b)).

3.6. Effects of SB on Levels of PI3K/AKT/NF-𝜅B in CS-
Mediated-COPD Rats Model. In our experiment, we con-
firmed the presence of airway remodeling in the lung of rats
with COPD. The airway remodeling reaches its peak at 24

weeks’ inhalation of cigarette smoke.Then the signaling path-
way was conducted at 24 weeks. To further elucidate whether
the PI3K/AKT/NF-𝜅B signaling pathways participated in the
regulation of airway remodeling, western blot analysis was
used to determine their expression levels. The results showed
that there was a significant increase in AKT and NF-𝜅B
phosphorylation (p-AKT and p-NF-𝜅B) in the lungs of mice
exposed to CS for 24 weeks as compared with controls (𝑃 <
0.01, Figure 8). Interestingly, BUD and SB succeeded to cause
significant suppression of p-AKT and p-NF-𝜅B compared
with CS-exposed mice (𝑃 < 0.01, Figure 8). However, no
significant differences were noted in protein levels of p-AKT
and p-NF-𝜅B between the BUD and SB groups (𝑃 > 0.05,
Figure 8).

4. Discussion
In this study, we investigated the anti-airway remodeling effects
of SB in cigarette smoke induced models in rats, which was
likely achieved by modulating PI3K/AKT/NF-𝜅B pathway.

COPD is a chronic inflammatory disease, along with
two fundamental features: airway remodeling and emphy-
sema [22]. Airway remodeling was highly related to air-
flow obstruction in COPD, characterized by small air-
way thickening, metaplasia of the epithelium, subepithelial
fibrosis, increase in goblet cell size, increased accumula-
tion of smooth muscle bundles and extracellular matrix
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(a)

(b)

Figure 5:The effect of SB on airway remodeling assessment. Rats were exposed to CS for 12, 24, and 36 weeks with SB (1.5, 3, and 6mg/(kg⋅d))
or BUD (0.2mg/(kg⋅d)). Lung tissue was stained using HE and Masson before being calculated. The thickness of bronchial smooth muscle
and PASM in 200 um was quantitated. Data are mean ± SEM (𝑛 = 3). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared with the normal control group.
#
𝑃 < 0.05, ##𝑃 < 0.01, compared with the COPD model group. ∧𝑃 < 0.05, ∧∧𝑃 < 0.05, compared with BUD group. CS = cigarette smoke; SB
= Scutellaria baicalensis; BUD = Budesonide; HE = hematoxylin and eosin staining; PASM = pulmonary arteriolar smooth muscle.

(ECM), airway wall edema, and smooth muscle hypertro-
phy/hyperplasia [23–26]. CS, which drives an inflammatory
response, is strongly relevant to the development of COPD
[27–29]. In this study, results from decline in lung function
parameters, airway enlargements and remodeling, histologi-
cal analysis of lung tissue infiltrated inflammatory cells and
edema, increasing thickness of smooth muscle in bronchus
and PASM, and pathology of emphysema confirmed that the
rat model of COPD was successfully established.

There is an agreement that chronic inflammation is
important for damage and metaplasia of the respiratory
epithelium [9]. Exposure to inflammation for prolonged peri-
ods of time results in connective tissue deposition in the air-
way walls [30]. Furthermore, previous reports have identified
that epithelium produces epidermal growth factors (EGFs)
and various proteases, mainly MMPs, which inhibit the
degradation of extracellular matrix (ECM), whose changes in
composition and quantity are associated with wall thickening
[31]. CS contains copious amounts of chemical compounds,
which have the capacity to induce chronic inflammation and
damage to the airways. Interestingly, longstanding inflam-
mation contributes to structural and cellular damage, which
lays a foundation of fibrosis and obliteration of small airways,
forming a vicious circle [32, 33]. Additionally, cytokines
were responsible for airway inflammation in COPD. In line
with previous research results [34, 35], we have shown that
inflammatory cytokines, such as IL-6, IL-8, and TNF-�, were

markedly increased, while anti-inflammatory cytokine IL-10
was decreased (Figure 6) in response to CS. Furthermore,
in accordance with previous studies [32], CS exerts an effect
on endothelial cell damage and dysfunction, which initiates
the sequence of events resulting in ECM deposition by
altering the profile of matrix proteins released aggravating
airway remodeling [36–39]. Consistent with these studies,
our results also indicated that TGF-𝛽, MMPs, and TIMPwere
highly elevated in COPD model (Figure 7), which play a
pivotal role in the airway remodeling.

SB, one kind of traditional Chines herbal, has been
increasingly used in the last decades and become well
known for its significant role in preventing and treating
inflammatory disease and cancer [40, 41]. In the present
study, the decline in FEV0.1/FVC (%), PEF, and MMEF
and the rise in FRC in response to CS were normalized
by SB, supporting the ability of SB on alleviation of airway
obstruction and pulmonary function. However, there was
almost no significant difference between BUD and SB groups,
which means that SB can protect lung function of rats from
smoke exposure, to some extent. Moreover, SB significantly
decreased inflammatory infiltration in bothBALF and serum,
MLI, DI, bronchial smoothmuscle, and PASM inCS-exposed
rats and inhibited the production of TGF-𝛽, MMPs, and
TIMP. Collectively, our data demonstrated that SB could
ameliorate the typical pathological features of COPD, airway
remodeling.



Evidence-Based Complementary and Alternative Medicine 9

(a)

(b)

(c)

Figure 6: The effect of SB on inflammatory factor. IL-8 and IL-10 were measured by ELISA assays. Rats were exposed to CS for 12, 24, and
36 weeks with SB (1.5, 3, and 6mg/(kg⋅d)) or BUD (0.2mg/(kg⋅d)). Data are mean ± SEM (𝑛 = 8). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared with the
normal control group. #𝑃 < 0.05, ##𝑃 < 0.01, compared with the COPDmodel group. ∧𝑃 < 0.05, ∧∧𝑃 < 0.05, compared with BUD group. CS
= cigarette smoke; SB = Scutellaria baicalensis; BUD = Budesonide; and IL = interleukin.

Previous studies have reported that the anti-inflammatory
and fibrosis effects of baicalin, an extract of SB, weremediated
through one or more NF-𝜅B signaling pathways in other
diseases [35, 42]. More importantly, NF-𝜅B is a star molecule
regulating inflammatory pathway. However, it was unclear
whether PI3K/AKT/NF-𝜅B activation mediates CS induced
airway remodeling in COPD rats. In this study, we inves-
tigated the effect of SB on the activation of this pathway
induced by CS in COPD models. It is worthy mentioning
that SB treatment significantly blocked the activation of the
PI3K/AKT/NF-𝜅B pathways.

In the current study, we have demonstrated that SB, a
kind of traditional Chinese medicine, can attenuate airway
remodeling of CS mediated-COPD rats model by decreasing

the airway inflammation, thickness of airway and small
pulmonary arterioles wall, MLI and DI in CS-exposed rats,
and suppressing the production of inflammation mediators.
What ismore, the results of ameliorating pulmonary function
on increment in FEV0.1/FVC, PEF, andMMEF, but reduction
in FRC by administration of SB, support the property of SB
for reversing airway obstruction, meanwhile improving the
condition of airway remodeling.

5. Conclusion

In conclusion, we have shown that SB has anti-airway
remodeling effect on cigarette smoke induced inflammatory
models in animal. Our data also provided further support
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(a)

(b)

(c)

(d)

Figure 7: The effect of SB on cytokines, TGF-𝛽1, MMP-2, MMP-9, and TIMP-1. Rats were exposed to CS for 12, 24, and 36 weeks with SB
(1.5, 3, and 6mg/(kg⋅d)) or BUD (0.2mg/(kg⋅d)). Levels of TGF-𝛽1, MMP-2, MMP-9, and TIMP-1 were determined by ELISA. Data are mean
± SEM (𝑛 = 8). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared with the normal control group. #𝑃 < 0.05, ##𝑃 < 0.01, compared with the COPD model
group. ∧𝑃 < 0.05, ∧∧𝑃 < 0.05, compared with BUD group. CS = cigarette smoke; SB = Scutellaria baicalensis; BUD = Budesonide; MMP =
matrix metalloproteinase; and TIMP = tissue inhibitor of metalloproteinase.
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Figure 8: The effect of SB on PI3K/AKT/NF-𝜅B pathway. Rats were exposed to CS for 24 weeks with SB (1.5, 3, and 6mg/(kg⋅d)) or BUD
(0.2mg/(kg⋅d)). Levels of AKT, p-AKT, NF-𝜅B (p65), and p-NF-𝜅B (p-p65) were determined by western blot (WB). Data are mean ± SEM
(𝑛 = 8). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared with the normal control group. #𝑃 < 0.05, ##𝑃 < 0.01, compared with the COPD model group.
∧
𝑃 < 0.05, ∧∧𝑃 < 0.05, compared with BUD group. CS = cigarette smoke; SB = Scutellaria baicalensis; and BUD = Budesonide.

for the critical role that SB plays in restoring the balance
of proinflammation and anti-inflammation and recovering
the ECM deposition/degradation imbalance by modulating
PI3K/AKT/NF-𝜅B signal pathway.

Conflicts of Interest

The authors confirm that there are no conflicts of interest.

Authors’ Contributions

Fei Xu and Jinpei Lin contributed equally to this work and
should be considered co-first authors. The manuscript has
been read and approved by all the authors.

Acknowledgments

This work was supported by the National Basic Science
Programof China (no. 81573758) andDevelopment Project of
Shanghai Peak Disciplines-Integrated Chinese and Western
Medicine (09XD1400700).

Supplementary Materials

Highlight about chronic obstructive pulmonary disease.
(Supplementary Materials)

References

[1] World Health Organization (WHO) 2006, “Burden of COPD,”
http://www.who.int/respiratory/copd/burden/en/index.html,
Accessed 13/09/2012.

[2] “Global Strategy for Diagnosis,Management, and Prevention of
COPD,” http://www.goldcopd.org, 2015.

[3] A. Tam and D. D. Sin, “Pathobiologic mechanisms of chronic
obstructive pulmonary disease,”Medical Clinics of North Amer-
ica, vol. 96, no. 4, pp. 681–698, 2012.

[4] D. Olivieri and A. Chetta, “Therapeutic perspectives in vascular
remodeling in asthma and chronic obstructive pulmonary
disease,”Chemical Immunology andAllergy, vol. 99, pp. 216–225,
2014.

[5] P. K. Jeffery, “Remodeling in asthma and chronic obstructive
lung disease,” American Journal of Respiratory and Critical Care
Medicine, vol. 164, no. 10, pp. S28–S38, 2001.

[6] S. R. Rutgers, W. Timens, H. F. Kauffman, and D. S. Postma,
“Markers of active airway inflammation and remodelling in
chronic obstructive pulmonary disease,” Clinical & Experimen-
tal Allergy, vol. 31, no. 2, pp. 193–205, 2001.

[7] R. Kalluri and E. G. Neilson, “Epithelial-mesenchymal transi-
tion and its implications for fibrosis,” The Journal of Clinical
Investigation, vol. 112, no. 12, pp. 1776–1784, 2003.

[8] P. Bakakos, G. Patentalakis, and A. Papi, “Vascular biomarkers
in asthma and COPD,” Current Topics in Medicinal Chemistry,
vol. 16, no. 14, pp. 1599–1609, 2016.

[9] L. E. Haswell, K. Hewitt, D.Thorne, A. Richter, andM. D. Gaça,
“Cigarette smoke total particulate matter increases mucous
secreting cell numbers in vitro: a potential model of goblet cell
hyperplasia,”Toxicology in Vitro, vol. 24, no. 3, pp. 981–987, 2010.

[10] E. Tagaya and J. Tamaoki, “Mechanisms of airway remodeling
in asthma,” Allergology International, vol. 56, no. 4, pp. 331–340,
2007.

[11] J. Gao and B. Zhan, “The effects of Ang-1, IL-8 and TGF-beta1
on the pathogenesis of COPD,” in Molecular Medicine Reports,
vol. 6, pp. 1155–1159, 2012.

http://downloads.hindawi.com/journals/ecam/2018/1281420.f1.pdf
http://www.who.int/respiratory/copd/burden/en/index.html
http://www.goldcopd.org


12 Evidence-Based Complementary and Alternative Medicine

[12] R. J. Homer and J. A. Elias, “Consequences of long-term
inflammation: airway remodeling,” Clinics in Chest Medicine,
vol. 21, no. 2, pp. 331–343, 2000.

[13] B. Ma, M. Sanderson, and J. H. T. Bates, “Airway-parenchymal
interdependence in the lung slice,” Respiratory Physiology &
Neurobiology, vol. 185, no. 2, pp. 211–216, 2013.

[14] S. I. Rennard and D. M. Daughton, “Smoking cessation,”
CHEST, vol. 117, no. 5, pp. 360S–364S, 2000.

[15] S. Ji, R. Li, Q. Wang et al., “Anti-H1N1 virus, cytotoxic and Nrf2
activation activities of chemical constituents from Scutellaria
baicalensis,” Journal of Ethnopharmacology, vol. 176, pp. 475–
484, 2015.

[16] B. B. Davis, Y.-H. Shen, D. J. Tancredi, V. Flores, R. P. Davis,
and K. E. Pinkerton, “Leukocytes are recruited through the
bronchial circulation to the lung in a spontaneously hyperten-
sive rat model of COPD,” PLoS ONE, vol. 7, no. 3, Article ID
e33304, 2012.

[17] H. Zheng, Y. Liu, T. Huang, Z. Fang, G. Li, and S. He,
“Development and characterization of a rat model of chronic
obstructive pulmonary disease (COPD) induced by sidestream
cigarette smoke,” Toxicology Letters, vol. 189, no. 3, pp. 225–234,
2009.

[18] W. Han, Z. Dong, C. Dimitropoulou, and Y. Su, “Hydrogen
sulfide ameliorates tobacco smoke-induced oxidative stress and
emphysema in mice,” Antioxidants & Redox Signaling, vol. 15,
no. 8, pp. 2121–2134, 2011.

[19] T. Sato, K. Seyama, Y. Sato et al., “Senescencemarker protein-30
protects mice lungs from oxidative stress, aging, and smoking,”
American Journal of Respiratory and Critical Care Medicine, vol.
174, no. 5, pp. 530–537, 2006.

[20] M. Saetta, R. J. Shiner, G. E. Angus, W. D. Kim, N. S. Wang,
and M. King, “Destructive index: a measurement of lung
parenchymal destruction in smokers,” The American Review of
Respiratory Disease, vol. 131, pp. 764–769, 1985.

[21] J. Lin, F. Xu, G. Wang et al., Paeoniflorin Attenuated Oxidative
Stress in Rat COPDModel Induced by Cigarette Smoke.

[22] J. C. Hogg and W. Timens, “The pathology of chronic obstruc-
tive pulmonary disease,” Annual Review of Pathology: Mecha-
nisms of Disease, vol. 4, pp. 435–459, 2009.

[23] G. Sturton, C. Persson, and P. J. Barnes, “Small airways: an
important but neglected target in the treatment of obstructive
airway diseases,” Trends in Pharmacological Sciences, vol. 29, no.
7, pp. 340–345, 2008.

[24] M. Saetta, G. Turato, S. Baraldo et al., “Goblet cell hyperplasia
and epithelial inflammation in peripheral airways of smokers
with both symptoms of chronic bronchitis and chronic airflow
limitation,” American Journal of Respiratory and Critical Care
Medicine, vol. 161, no. 3 I, pp. 1016–1021, 2000.

[25] J. C. Hogg, F. Chu, S. Utokaparch et al., “The nature of small-
airway obstruction in chronic obstructive pulmonary disease,”
TheNew England Journal ofMedicine, vol. 350, no. 26, pp. 2645–
2653, 2004.

[26] C. Bergeron and L.-P. Boulet, “Structural changes in airway
diseases: characteristics, mechanisms, consequences, and phar-
macologic modulation,” CHEST, vol. 129, no. 4, pp. 1068–1087,
2006.

[27] M. Saetta, G. Turato, P. Maestrelli, C. E. Mapp, and L.M. Fabbri,
“Cellular and structural bases of chronic obstructive pulmonary
disease,” American Journal of Respiratory and Critical Care
Medicine, vol. 163, no. 6, pp. 1304–1309, 2001.

[28] M. T. Silva, “When two is better than one: macrophages and
neutrophils work in concert in innate immunity as complemen-
tary and cooperative partners of a myeloid phagocyte system,”
Journal of Leukocyte Biology, vol. 87, no. 1, pp. 93–106, 2010.

[29] E. R. Sutherland and R. J. Martin, “Airway inflammation
in chronic obstructive pulmonary disease: comparisons with
asthma,” The Journal of Allergy and Clinical Immunology, vol.
112, no. 5, pp. 819–828, 2003.

[30] M. Cosio, H. Ghezzo, J. C. Hogg et al., “The relations between
structural changes in small airways and pulmonary-function
tests,”TheNew England Journal of Medicine, vol. 298, no. 23, pp.
1277–1281, 1978.

[31] A. J. Thorley and T. D. Tetley, “Pulmonary epithelium, cigarette
smoke, and chronic obstructive pulmonary disease,” Interna-
tional Journal of Chronic Obstructive Pulmonary Disease, vol. 2,
no. 4, pp. 409–428, 2007.

[32] S. Ganesan and U. S. Sajjan, “Repair and remodeling of airway
epithelium after injury in chronic obstructive pulmonary dis-
ease,”Current Respiratory Care Reports, vol. 2, no. 3, pp. 145–154,
2013.

[33] M. Decramer, W. Janssens, and M. Miravitlles, “Chronic
obstructive pulmonary disease,” The Lancet, vol. 379, no. 9823,
pp. 1341–1351, 2012.

[34] H. Wang, T. Yang, Y. Shen et al., “Ghrelin inhibits interleukin-6
production induced by cigarette smoke extract in the bronchial
epithelial cell via NF-𝜅B pathway,” Inflammation, vol. 39, no. 1,
pp. 190–198, 2016.

[35] L. Li, H. Bao, J. Wu et al., “Baicalin is anti-inflammatory
in cigarette smoke-induced inflammatory models in vivo and
in vitro: a possible role for HDAC2 activity,” International
Immunopharmacology, vol. 13, no. 1, pp. 15–22, 2012.

[36] J. Black, M. Roth, J. Lee, S. Carlin, and P. Johnson, “Mechanisms
of airway remodeling. Airway smooth muscle,” American Jour-
nal of Respiratory and Critical Care Medicine, vol. 164, pp. S63–
S66, 2001.

[37] A. Churg, S. Zhou, X. Wang, R. Wang, and J. L. Wright,
“The role of lnterleukin-1𝛽 inmurine cigarette smoke—induced
emphysema and small airway remodeling,”American Journal of
Respiratory Cell and Molecular Biology, vol. 40, no. 4, pp. 482–
490, 2009.

[38] A. Churg, H. Tai, T. Coulthard, R. Wang, and J. L. Wright,
“Cigarette smoke drives small airway remodeling by induction
of growth factors in the airway wall,” American Journal of
Respiratory and Critical CareMedicine, vol. 174, no. 12, pp. 1327–
1334, 2006.

[39] M. G. Min, D. J. Song, M. Miller et al., “Coexposure to envi-
ronmental tobacco smoke increases levels of allergen-induced
airway remodeling in mice,” The Journal of Immunology, vol.
178, no. 8, pp. 5321–5328, 2007.

[40] B. Y. Choi, J. C. Joo, Y. K. Lee, I.-S. Jang, S. J. Park, and
Y. J. Park, “Anti-cancer effect of Scutellaria baicalensis in
combination with cisplatin in human ovarian cancer cell,” BMC
Complementary and Alternative Medicine, vol. 17, no. 1, Article
ID 277, 2017.

[41] J.-J. Chen, C.-C. Huang, H.-Y. Chang et al., “Scutellaria
baicalensis ameliorates acute lung injury by suppressing inflam-
mation in vitro and in vivo,” American Journal of Chinese
Medicine, vol. 45, no. 1, pp. 137–157, 2017.

[42] J. Liu, Y. Wei, Q. Luo et al., “Baicalin attenuates inflamma-
tion in mice with OVA-induced asthma by inhibiting NF-𝜅B
and suppressing CCR7/CCL19/CCL21,” International Journal of
Molecular Medicine, vol. 38, no. 5, pp. 1541–1548, 2016.


