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Pine bark extract (Pycnogenol®) suppresses cigarette smoke-
induced fibrotic response via transforming growth
factor-$1/Smad family member 2/3 signaling
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Chronic obstructive pulmonary diseases (COPD) is an important disease featured as intense inflammation,
protease imbalance, and air flow limitation and mainly induced by cigarette smoke (CS). In present study,
we explored the effects of Pycnogenol® (PYC, pine bark extract) on pulmonary fibrosis caused by
CS+lipopolysaccharide (LPS) exposure. Mice were treated with LPS intranasally on day 12 and 26,
followed by CS exposure for 1 h/day (8 cigarettes per day) for 4 weeks. One hour before CS exposure, 10
and 20 mg/kg of PYC were administered by oral gavage for 4 weeks. PYC effectively reduced the number
of inflammatory cells and proinflammatory mediators caused by CS+LPS exposure in bronchoalveolar
lavage fluid. PYC inhibited the collagen deposition on lung tissue caused by CS+LPS exposure, as
evidenced by Masson’s trichrome stain. Furthermore, transforming growth factor-p1 (TGF-31) expression
and Smad family member 2/3 (Smad 2/3) phosphorylation were effectively suppressed by PYC treatment.
PYC markedly reduced the collagen deposition caused by CS+LPS exposure, which was closely involved
in TGF-31/Smad 2/3 signaling, which is associated with pulmonary fibrotic change. These findings suggest
that treatment with PYC could be a therapeutic strategy for controlling COPD progression.
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Cigarette smoke (CS) is regarded as the major critical
cause in development of chronic obstructive pulmonary
disease (COPD) featured as an airway inflammation,
emphysema, and small airway remodeling [1]. Small
airway remodeling is variable and consist of a combination
of symptoms such as pulmonary fibrosis and inflammatory
cell infiltration [2]. In particular, pulmonary fibrosis is a
crucial cause of mortality in patients with pulmonary
disease including COPD since it is an irreversible

alteration and reduces normal lung function [3]. Among
various cytokines and growth factor, transforming growth
factor-f1 (TGF-B1) is closely related to pulmonary
fibrotic change [4]. In the development of pulmonary
fibrosis, TGF-B1 plays crucial role in the production of
the extracellular matrix, a-smooth muscle actin (o-
SMA) and collagen via Smad signaling. A series of
theses mechanisms eventually results in pulmonary
fibrosis [5]. CS extract could modulate the TGF-1/
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Smad pathway, and in clinical trials, alteration in TGF-
B1/Smad signaling was observed in pulmonary fibrosis
in patients with COPD [6,7]. Therefore, downregulation
of TGF-B1/Smad is considered to be important in
treating pulmonary fibrosis.

Pinus pinaster Aiton (French maritime pine) is used as
traditional herbal medicine to enhance wound healing
and to treat inflammatory disease in North America and
Europe. Pycnogenol® (PYC, pine bark extract) is a trade
name and a standardized mixture of the bark of French
maritime pine [8]. Recent reports have demonstrated that
PYC significantly suppresses inflammation, fat accumu-
lation, and fibrosis in the liver and heart [9,10]. In
addition, the preventive effect of PYC against wrinkle
formation through TGF and type I procollagen has been
described [11]. Accordingly, we hypothesized that PYC
might effectively attenuates CS-induced pulmonary fibrosis.
Despite the anti-fibrotic effect of PYC, its ability to
protect against pulmonary fibrosis and underlying
mechanisms has not been investigated previously.

Therefore, we have explored the effects of PYC affect
on CS and lipopolysaccharide (LPS)-caused pulmonary
fibrosis by measuring fibrotic mediators and performing
histological analysis. Additionally, we further investigated
the its protective mechanism on pulmonary fibrosis
focusing on modulation of TGF-B1/Smad family
member 2/3 (Smad 2/3) signaling.

Materials and Methods

Experimental procedure

C57BL/6N male mice (6-week-old, 20-25 g) were
obtained from Koatech Co., (Pyeongtaek, Korea) and
were provided sterilized tap water and commercial
rodent chow (Samyang Feed Co., Wonju, Korea). All
procedures were granted by the Institutional Animal
Care and Use Committee of Chonnam National
University (Gwangju, Korea).

CS exposure was performed as previously described
[12]. LPS (10 pg/mouse, Sigma-Aldrich, MO, USA)
was treated by intranasal instillation on day 12 and 26
under anesthesia. Roflumilast (Sigma-Aldrich) was a
phosphodiesterase-4 inhibitor recommended for treating
COPD and used as a positive control drug [13].
Roflumilast (10 mg/kg) and PYC (10 and 20 mg/kg,
Horphag Research, Le Sen, France) were administered
to animals for 4 weeks by oral gavage 1 h before the CS
exposure. Tentative identification of phytochemicals in

PYC was described in our previous study [12]. Briefly,
five phytochemicals (procyanidin B-type dimer, procyanidin
dimer gallate ester, procyanidin B-type trimer, taxifolin-
3-0-B-glucoside, and taxifolin) were identified in PYC.

Analysis of bronchoalveolar lavage fluid (BALF)

BALF was collected as previously described method
[14]. Differential cell counts of BALF was conducted by
Diff-Quik® reagent (Sysmex Corporation, Kobe, Japan).
In quantitative analysis of Interleukin-1p (IL-1p), IL-6,
and tumor necrosis factor-o. (TNF-ot), we used commercial
ELISA kit (BD Biosciences, CA, USA). The measure-
ment of absorbance (450 nm) was conducted by spectro-
photometer (Bio-Rad Lab., CA, USA).

Lung tissue histopathology

Lung tissue process was performed in previous study
[12]. Sectioned lung tissue was stained with hematoxylin
and eosin (H&E, Sigma-Aldrich) to measure inflammatory
responses and Masson’s trichrome (Abcam, Cambridge,
UK) to evaluate collagen deposition, according to the
manufacturer’s protocols.

Additionally, we have performed immunohistochemistry
(IHC) to examine fibrosis-related protein expression as
previously described [14]. The following antibodies
were used: TGF-B1 (1:200; dilution, Abcam) and
collagen (1:200 dilution; Santa Cruz Biotechnology, CA,
USA)

Immunoblotting

Homogenization of lung tissue was performed using a
tissue lysis/extraction reagent (Sigma-Aldrich) with a
protease inhibitor cocktail (Sigma-Aldrich). Immunoblotting
was performed as previously described [14]. The primary
antibodies were used as follows; anti-collagen (1:1,000
dilution; Santa Cruz), anti-TGF-B1 (1:1,000 dilution;
Abcam), anti-B-actin (1:2,000 dilution; Cell Signaling,
MA, USA) anti-pSmad 2/3 (1:1,000 dilution; Abcam)
and anti-Smad 2/3 (1:1,000 dilution; Abcam). Protein
expression value was determined by ChemiDoc (Bio
Rad Lab.).

Statistical analysis

The data are shown as means+tstandard deviation
(SD). The statistical significance was determined by an
analysis of variance followed by Dunnett multiple
comparison test. A P<0.05 was regarded as significant.
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Results

PYC reduced inflammatory cell accumulation in BALF

Inflammatory cell counts including neutrophils, macro-
phages, and lymphocytes were remarkably elevated in
CS and LPS exposed animals in comparison to normal
controls (Figure 1). By contrast, the roflumilast-treated
animals was observed the marked reduction in
inflammatory cell counts in comparison to CS and LPS
exposed animals. PYC-treated animals (10 and 20 mg/
kg) significantly lower inflammatory cell counts than CS
and LPS exposed animals, which was observed in dose-
dependent manner.

PYC decreased proinflammatory cytokines levels in
BALF

The CS and LPS exposed animals showed a marked
elevation of IL-1p level in comparison to normal controls
(Figure 2A). However, roflumilast-treated animals
meaningfully lower IL-1p level than CS and LPS
exposed animals. PYC-treated animals were detected the
notable decline of IL-1p level in comparison to CS and
LPS exposed animals, which were observed in dose-
dependent. Similarly, IL-6 and TNF-o levels were
obviously elevated in CS and LPS exposed animals.
However, roflumilast- and PYC-treated animals were
observed the notable decline of IL-6 and TNF-a in
comparison to CS and LPS exposed animals (Figure 2B
and 2C).

ONC mCS+LPS BROF #&PYC-10
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Inflammatory cell count in BALF
(x400 magnification field)
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PYC attenuated airway inflammation and collagen
deposition in lung tissue

CS and LPS exposed animals exhibited the obvious
inflammatory cell accumulation into peribronchiolar and
perivascular lesions in comparison to normal controls
(Figure 3). However, roflumilast- and PYC-treated
animals were meaningfully decreased inflammatory cell
accumulation in comparison to CS and LPS exposed
animals.

In lung tissue stained with Masson’s trichrome,
staining of collagen was only seen around vessels or
bronchioles in normal controls (Figure 4). However, CS
and LPS exposed animals exhibited the extensive
collagen deposition in lung tissue. Roflumilast- and
PYC-treated animals meaningfully reduced collagen
deposition in comparison to CS and LPS exposed
animals.

PYC suppressed the expression of TGF-f1 and
collagen caused by CS and LPS exposure

To evaluate the expression of TGF-f1 and collagen,
we performed IHC in lung tissues of CS and LPS
exposed animals. The CS and LPS exposed animals
more increased TGF-1 expression in lung tissue than
normal controls (Figure SA). However, roflumilast- and
PYC-treated animals obviously decreased TGF-B1
expression in comparison to CS and LPS exposed
animals. Similar to the results of TGF-B1, collagen I
expression remarkably elevated in CS and LPS exposed

PYC-20
##

Other Total cell

inflammatory cell

Figure 1. PYC treatment inhibited the inflammatory cell counts in the mouse BALF. Cells were isolated by centrifugation and
stained with the Diff-Quik staining reagent. NC, normal control mice; CS+LPS, CS- and LPS-induced mice; ROF, CS- and LPS-
induced mice treated with roflumilast (10 mg/kg); PYC-10, CS- and LPS-induced mice treated with PYC (10 mg/kg); PYC-20, CS-
and LPS-induced mice treated with PYC (20 mg/kg). The values are expressed as the means+SD (n=7). *Significantly different
from NC, P<0.01; ***Significantly different from CS+LPS, P<0.05, P<0.01, respectively.
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Figure 2. PYC treatment inhibited proinflammatory cytokine levels in the mouse BALF. IL-1B, IL-6, and TNF-a levels were
determined by ELISA. NC, normal control mice; CS+LPS, CS- and LPS-induced mice; ROF, CS- and LPS-induced mice treated
with roflumilast (10 mg/kg); PYC-10, CS- and LPS-induced mice treated with PYC (10 mg/kg); PYC-20, CS- and LPS-induced mice
treated with PYC (20 mg/kg). The values are expressed as the meansxSD (n=7). *Significantly different from NC, P<0.01;

**Significantly different from CS+LPS, P<0.01.

animals in comparison to normal controls, and the
increased expression levels were markedly reduced in
the roflumilast- and PYC-treated animals (Figure 5B).

PYC inhibited fibrogenic change pathway caused by
CS and LPS exposure

The CS and LPS exposed animals exhibited a notable
elevation of TGF-P1 expression in comparison to normal
controls (Figure 6). However, roflumilast- and PYC-
treated animals showed significantly reduced expression
of TGF-B1 in comparison to CS and LPS exposed
animals. The phosphorylation of Smad 2/3 was markedly
elevated in the CS and LPS exposed animals in
comparison to normal controls. In contrast, roflumilast-
and PYC-treated animals exhibited a marked suppression
of the Smad 2/3 phosphorylation induced by CS+LPS

exposure. The results of the analysis of collagen 1
expression were similar to those of TGF-B1 expression
and Smad 2/3 phosphorylation. The CS and LPS
exposed animals exhibited a significant elevation of
collagen I expression in comparison to normal controls,
whereas roflumilast- and PYC-treated animals showed
significant decreases in comparison to CS and LPS
exposed animals.

Discussion

CS is regarded as a major threatening factor in the
development of COPD [14]. CS induces not only extensive
airway inflammation but also collagen deposition in lung
tissue, resulting in pulmonary fibrosis [15]. In this
experiment, we explored the effects of PYC on the
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Figure 3. PYC treatment inhibited airway inflammation. Histological examination of airway inflammation, performed in lung tissue
using H&E staining. NC, normal control mice; CS+LPS, CS- and LPS-induced mice; ROF, CS- and LPS-induced mice treated with
roflumilast (10 mg/kg); PYC-10, CS- and LPS-induced mice treated with PYC (10 mg/kg); PYC-20, CS- and LPS-induced mice
treated with PYC (20 mg/kg). The values are expressed as the meansxSD (n=7). *Significantly different from NC, P<0.01;
***Significantly different from CS+LPS, P<0.05, P<0.01, respectively.

Figure 4. PYC treatment inhibited collagen deposition. Histological examination of collagen deposition (blue color), performed in
lung tissue using Masson'’s trichrome staining. NC, normal control mice; CS+LPS, CS- and LPS-induced mice; ROF, CS- and LPS-
induced mice treated with roflumilast (10 mg/kg); PYC-10, CS- and LPS-induced mice treated with PYC (10 mg/kg); PYC-20, CS-
and LPS-induced mice treated with PYC (20 mg/kg). The values are expressed as the meansxSD (n=7). #Significantly different

from NC, P< 0.01; ***Significantly different from CS+LPS, P<0.05, P< 0.01, respectively.

inflammatory response and collagen deposition in CS
and LPS exposed mice. In addition, we elucidated the
molecular mechanisms of CS+LPS-induced pulmonary
fibrotic changes. PYC markedly decreased inflammatory
cell counts and inflammatory mediator induced by
CS+LPS exposure. PYC also significantly suppressed
the expression levels of TGF-B1 expression and Smad 2/
3 phosphorylation, which resulted in reduced collagen
deposition in lung tissue of the mice.

Inflammation is a key factor contributing lung disease
and airflow limitation in COPD [16]. The characteristic
pattern of inflammation in COPD animal models is an
increased number of neutrophils and macrophages in the

Lab Anim Res | June, 2017 | Vol. 33, No. 2

airway, lung parenchyma, and BALF [17]. These cells
subsequently act as a crucial role in pathogenesis of
chronic inflammation, resulting in the production of
various cytokines and chemokines including TNF-a.,
IL-1B, and IL-6 [18]. Increased production of these
inflammatory mediators amplifies not only additional
inflammatory cell recruitment but also fibrotic responses
representing collagen deposition [19]. It has been
demonstrated that small airway fibrosis is a critical
mechanism of disease progression in COPD patients and
is closed associated with chronic inflammation [20]. In
this experiment, PYC meaningfully reduced inflammatory
cell accumulation and proinflammatory cytokines in
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Figure 5. PYC treatment inhibited TGF-B1 and collagen expression levels in lung tissue of mice. (A) Immunohistochemical analysis
for TGF-B1 positivity performed in lung tissue. (B) Immunohistochemical analysis for collagen positivity performed in lung tissue.
NC, normal control mice; CS+LPS: CS- and LPS-induced mice; ROF, CS and LPS-induced mice treated with roflumilast (10 mg/
kg); PYC-10, CS- and LPS-induced mice treated with PYC (10 mg/kg); PYC-20, CS- and LPS-induced mice treated with PYC (20
mg/kg). The values are expressed as the means+SD (n=7). *Significantly different from NC, P<0.01; **Significantly different from

CS+LPS, P<0.01.

BALF from the CS+LPS-exposed mice. These effects of
PYC were consistent with those observed in previous
studies [21,22]. According to Shin er al. [23], PYC
effectively inhibits airway inflammation in an allergen-
induced asthma model. In particular, Xia er al. [24]
demonstrated that PYC markedly decreased TNF-a, IL-
1B, and IL-6 in BALF in ventilator-induced lung injury.
Based on these observation, PYC was considered to
possess protective effects in the CS+LPS animal model
used in the present study.

Pulmonary fibrosis is a general term used to describe
the increased accumulation of collagenous extracellular
matrix, which compromises the expiratory airflow [25].
It is associated with various diseases including COPD
[26]. In clinical trials, patients with COPD showed a
marked increase in mesenchymal markers such as collagen
I and a-SMA [3]. In particular, the small airways of
patients with COPD characteristically accumulated
mesenchymal cells and collagenous extracellular matrix

[27]. CS is considered as a crucial factor in the
development of COPD and induces fibrotic changes in
the lung. Zhang et al. [28] reported that CS extract-
stimulated cells showed elevated epithelial to mesenchymal
transition. Additionally, CS contributed to lung remodeling
represented by perinbronchiolar fibrosis in COPD [27].
In this study, the CS+LPS exposed mice showed
increased collagen I expression compared with that of
the normal controls based on histological evidence from
lung tissue stained with Masson’s trichrome and IHC for
collagen I. However, the PYC-treated animals exerted a
marked decreased in histological collagen deposition
and collagen I expression in comparison to CS and LPS-
exposed animals. It has been demonstrated that PYC
significantly suppresses fat accumulation and fibrosis in
the liver of high-fat diet model and prevents the
development of viral myocarditis by decreasing
inflammation and fibrosis [9,10]. These findings indicate
that PYC may suppress the fibrotic change in the lung

Lab Anim Res | June, 2017 | Vol. 33, No. 2
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Figure 6. PYC reduced TGF-B1 and collagen protein levels and Smad 2/3 phosphorylation in lung tissue. Protein expression was
assessed by western blot analysis and relative ratio of protein expression was evaluated. B-Actin was used as a protein loading
control. NC, normal control mice; CS+LPS, CS- and LPS-induced mice; ROF, CS- and LPS-induced mice treated with roflumilast
(10 mg/kg); PYC-10, CS- and LPS-induced mice treated with PYC (10 mg/kg); PYC-20, CS- and LPS-induced mice treated with
PYC (20 mg/kg). The values are expressed as the meanstSD (n=7). *Significantly different from NC, P<0.01; ***Significantly

different from CS+LPS, P<0.05, P<0.01, respectively.

tissue caused by CS and LPS exposure.

In this study, CS+LPS-exposed animals showed the
activation of TGF-f1/Smad 2/3 signaling, which resulted
in increased collagen 1 expression. However, PYC
effectively suppressed the activated TGF-B1/Smad 2/3
signaling accompanied with decreased collagen I
expression. TGF-B1 plays a crucial role in development
of pulmonary fibrosis, and TGF-B1/Smad signaling is
the most thoroughly explored potential underlying
mechanism [4,5,29]. In fibrosis, TGF-B1 induces Smad
2/3 phosphorylation by binding to their membrane
receptors, followed by binding with Smad 4 to form a
complex that translocates to the nucleus. This signaling
cascade finally produces fibrotic mediators such as -
SMA and collagens. In particular, CS promotes fibrotic
response via the activation of TGF-1/Smad signaling,
which is observed in patients with COPD, especially in
those who smoker [30-32]. However, Cho ef al. [11]
reported that a mixture of antioxidants including PYC
significantly reduced ultraviolet radiation-induced wrinkle
formation by preventing the expression of matrix metallo-
proteinases, TGF, and Type I procollagen. Collectively,
this this evidence suggests that PYC has a potential to
suppress pulmonary fibrosis induced by CS by the
inhibition of TGF-B1/Smad 2/3 signaling.

In conclusion, PYC markedly reduced the production
of fibrotic mediators in CS+LPS exposed mice. These
properties were closely associated with the suppression
of TGF-B1/Smad 2/3 signaling. Therefore, our study
suggests that PYC may effectively suppress pulmonary

Lab Anim Res | June, 2017 | Vol. 33, No. 2

fibrosis and is a potential candidate worth further
investigation for development as a therapeutic agent.
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