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In this study, we evaluated the in vivo effect of arctigenin (ATG) on bleomycin-induced pulmonary fibrosis in mice and assessed
the role of antioxidant activity. Hematoxylin and eosin (H&E) staining, the results of Masson’s trichrome, and Sirius red staining
showed that bleomycin induced obvious pathological changes and collagen deposition in the lung tissue of mice, which were
effectively inhibited by ATG. Specifically, based on immunohistochemistry and western blot results, ATG inhibited the
expression of fibrosis markers, such as collagen, fibronectin, and α-SMA. Moreover, ATG regulated reactive oxygen species
(ROS), superoxide dismutase (SOD), malondialdehyde (MDA), and glutathione (GSH) in the lung tissue of pulmonary fibrosis
mice and reduced the pressure of oxidative stress. ATG also regulated the TGF-β-induced expression of p-Akt, confirming that
ATG can inhibit fibrosis through antioxidant activity modulation.

1. Introduction

Pulmonary fibrosis (PF) is a common chronic, progressive,
and irreversible interstitial lung disease [1]. Pathologically,
it is characterized by interstitial cell proliferation and extra-
cellular matrix (ECM) deposition [2, 3]. Once diagnosed, the
5-year average survival rate is only 20%–30%, which is even
lower than that of some cancers [4]. At present, the treat-
ment of most interstitial lung diseases is limited, and few
drugs are available. Globally, pirfenidone and nintedanib
are the leading drugs for the treatment of PF [5]. Although
both have been clinically verified to effectively inhibit PF,
they have potential side effects, such as gastrointestinal reac-
tion, liver injury, and bleeding, and their efficacy in a variety

of fibrotic lung diseases is unclear [6]. PF is a public health
problem, and the scarcity of safe and effective drugs seri-
ously limits its treatment options [7]. Therefore, it is urgent
to develop safe and effective drugs for PF [8].

In recent years, numerous studies have found that oxida-
tive stress (OS) is closely related to the pathogenesis of PF
and plays an important role in its occurrence and develop-
ment [9, 10]. In 1987, Cantin et al. first published a research
report on the relationship between OS and PF [11]. The
results showed a significant increase in the ability of inflam-
matory cells in the bronchoalveolar fluid of patients with PF
to release hydrogen peroxide, while myeloperoxidase (MPO)
was also detected in the alveolar lavage fluid of patients with
PF. The study suggested a correlation between the degree of
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PF and the level of OS [12]. Several studies have shown that
the OS level plays an important role in the process of PF.
The mechanism of OS-induced PF mainly involves the
injury and necrosis of alveolar epithelial cells (AECs) [13].
The continuous injury and change of AECs are characteris-
tics of PF. Under normal conditions, lung epithelial cells
have antioxidant effects, and their stimulation by reactive
oxygen species (ROS) can trigger epithelial cell apoptosis
to avoid an inflammatory reaction caused by cell necrosis
[14]. However, the high concentration of ROS causes the
oxidation capacity of epithelial cells to exceed the antioxi-
dant capacity, thereby leading to injury and necrosis, and
finally to PF. ROS can induce AEC apoptosis by directly acti-
vating death receptors and can also stimulate excessive apo-
ptosis of AECs by activating the mitochondrial apoptosis
pathway and the endoplasmic reticulum stress apoptosis
pathway. This process leads to an imbalance between matrix
metalloproteinases and antiproteases (MMPs/TIMPs) in the
lung tissue. Moreover, ROS can regulate TGF-β and other
cytokines to promote epithelial–mesenchymal transforma-
tion (EMT) [15]. These findings suggest that OS plays a
key role in the occurrence and development of PF. Indeed,
OS can effectively inhibit the process of PF by regulating
the oxidation/antioxidant imbalance in the lung tissue [16,
17]. This provides a theoretical basis for finding new poten-
tial therapeutic drugs.

Great Burdock Achene is the dry and mature fruit of Arc-
tium lappa, a biennial herb in the family Compositae. Mod-
ern pharmacological studies have shown that arctigenin
(ATG), the main component of Arctium lappa, has anti-
inflammatory, antiviral, and antitumor activities [18, 19].
Previous studies have confirmed that ATG can prevent renal
fibrosis by enhancing the active form of antioxidant super-
oxide dismutase and by inhibiting TGF-β expression in rats,
which suggests that ATG has good antioxidant activity [20].
Accordingly, we examined the antioxidant activity of ATG
to inhibit bleomycin-induced PF in mice by observing the
collagen deposition in the lungs.

2. Materials and Methods

2.1. Reagents. Bleomycin hydrochloride and nintedanib were
purchased from Hanhui Pharmaceutical Co., Ltd. (Hang-
zhou, China) and Boehringer Ingelheim Pharmaceutical
Co., Ltd. (Ingelheim, Germany), and arctigenin was pur-
chased from Shanghai Yuanye Bio-Technology Co., Ltd
(≥98%, HPLC). All of the other chemicals and reagents were
obtained from general commercial sources and were used
without prior treatment unless otherwise specified. Anti-
bodies against collagen, fibronectin, α-SMA, and TGF-β
were produced by Affbiotech (Cincinnati, OH, USA); when
used in western blot or immunohistochemistry (IHC), they
were diluted 1000 or 100 times, respectively, using a primary
anti-diluent (Beyotime, Shanghai, China). Antibodies to
Nrf-2, HO-1, and NQO1 were produced by ABclonal
(Woburn, MA, USA). Secondary antibodies, including
biotin-conjugated AffiniPure goat anti-mouse IgG (H+L)
and biotin-conjugated AffiniPure goat anti-rabbit IgG (H
+L), were provided by Solarbio (Beijing, China). Hydroxy-

proline and 8-iso-prostaglandin-F2α enzyme-linked immu-
nosorbent assay (ELISA) kits were obtained from
Bioswamp (Wuhan, China). Malondialdehyde (MDA), glu-
tathione (GSH), and superoxide dismutase (SOD) kits were
produced by Solarbio.

2.2. Preparation of Different Concentrations of ATG. ATG is
insoluble in water but can be dissolved in dimethyl sulfoxide
(DMSO). When preparing solutions, a mixture of 5%
DMSO and 95% water is required. Specifically, taking the
medium dose (40mg/kg/day) as an example, 160mg of
ATG was dissolved in 2mL DMSO before adding 38mL
normal saline. A total of 200μL of the resulting solution
was used for injection.

2.3. Animals. All of the experiments were performed using
male C57BL/6 mice (22 ± 2 g, SPFII Certificate) purchased
from Chu Han Biotechnology Co., Ltd. (Jinan, China). The
experimental procedures performed in this study were previ-
ously approved by the Animal Ethics Committee of the
School of Pharmacy at Linyi University. The experiments
were also performed in accordance with the ARRIVE guide-
lines (the ARRIVE guidelines 2.0: updated guidelines for
reporting animal research) [21]. All of the methods were
performed in accordance with the relevant guidelines and
regulations. All efforts were made to minimize the suffering
of the animals.

2.4. In Vivo Experimental Model and Grouping. Male
C57BL/6 mice were randomly divided into six groups,
including sham (Sham), bleomycin-induced (3.5mg/kg) PF
(PF), bleomycin-induced PF+nintedanib (Ninb),
bleomycin-induced PF+ low-dose ATG (20mg/kg, L-
ATG), bleomycin-induced PF+medium-dose ATG (40mg/
kg, M-ATG), and bleomycin-induced PF+high-dose ATG
(80mg/kg, H-ATG) groups, with 10 mice in each group.
All of the mice were subjected to 12 : 12 h light/dark cycles
for 1 week before experimentation, and all mice were given
the same diet throughout the experiment. In the second
week, 3.5mg of bleomycin was dissolved in 1mL of normal
saline, and the injection volume was 1mL/kg/time [22].
The skin, muscles, and cervical part of the trachea were cut
in the Sham group. In the other groups, the skin, muscle,
and cervical parts of the trachea were cut, and bleomycin
was injected into the trachea. Bleomycin was injected in all
of the groups, except for the Sham group, in which saline
was injected instead. The mice received ATG by intraperito-
neal injection for 28 days [23, 24], whereas the Sham and PF
mice were given saline by intraperitoneal injection.

2.5. Assessment of Lung Function. After 28 days, the mice
were anesthetized with phenytoin sodium (30mg/kg) and
sacrificed. Bilateral lavage was performed on the lungs of
the mice. The neck area was dissected, and the trachea was
exposed for intubation. The phosphate-buffered saline
(PBS) lavage volume was increased to 0.8mL, and after three
lavages, the lavage solution was collected. The recovered
alveolar lavage fluid was centrifuged at 1500 r/min for
10min at 4°C, and the supernatant was recovered and stored
at −20°C for ELISA detection.
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To test the wet-to-dry ratio of the lung tissue, we took
0.1 g of the lung tissue, weighed it with an analytical balance,
and recorded the wet weight. Next, we dried the tissue in an
oven at 70°C for 72h to a constant weight, before weighing
again and recording the dry weight. We compared the wet
weight with the dry weight and recorded the wet-to-dry
ratio.

The lung tissue was washed with PBS, fixed in 4% forma-
lin, and embedded in paraffin. The tissue samples were cut
into 5μm-thick slices for histopathological staining with
hematoxylin and eosin (H&E), Masson’s trichrome, and Sir-
ius red. The pathological damage and collagen deposition in
the lung tissue were observed.

2.6. Assessment of Lung Fibrosis. The paraffin-embedded sec-
tions were taken for immunohistochemical staining of fibro-
sis markers (collagen, fibronectin, and α-SMA). We
observed the expression and localization of the markers in
the lung tissues. Moreover, the expression of the fibrosis
markers was detected by western blot. The supernatant of
alveolar lavage fluid was taken, and the content of hydroxy-

proline was detected by ELISA kit to evaluate the PF
damage.

2.7. OS in the Lung. The contents of GSH, MDA, and SOD
in the lung tissue were measured by appropriate kits. The
lung tissue was ground with the aid of tissue lysate at 4°C
and centrifuged at 12000 r/min for 5min; then, the superna-
tant was taken for protein quantification, and the indexes
related to OS were detected. The content of hydrogen perox-
ide in the lung tissue was measured by enzyme biosensor,
and 8-isoproterenol 2α was detected by ELISA (8-iso-
PGF2α). We evaluated the OS level in the lung tissue.

On this basis, the lung tissue was taken to generate fro-
zen sections, and the ROS level was detected by immunoflu-
orescence to evaluate OS in the lung tissue.

2.8. Statistical Analysis. We analyzed the results of Masson’s
trichome and Sirius red immunohistochemistry staining
using Image Pro Plus 6.0 software and conducted statistical
analyses using GraphPad Prism 8.0 software. The variations
among the groups were assessed by one-way analysis of
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Figure 1: (a) Hematoxylin and eosin staining was used to observe lung injury in mice. (b) Masson’s trichrome staining was used to observe
pulmonary fibrosis in mice. (c) Sirius red staining was used to observe collagen deposition in the lungs of mice. (d) Collagen distribution
volume statistics using Masson’s trichrome staining images; and (e) collagen distribution volume statistics for Sirius red staining images
(calculated by Image Pro Plus) (∗P < 0:05, ∗∗∗P, ∗∗∗∗P < 0:01 vs. the PF group; ####P < 0:01 vs. the Sham group). (f, g) The wet-to-dry
ratio and hydroxyproline content for each group (∗P < 0:05 vs. the PF group; #P < 0:05, ##P < 0:01 vs. the Sham group).
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variance (ANOVA), followed by Dunnett’s test. All of the
quantitative data are expressed as the mean ± standard
deviation (SD), and differences were considered statistically
significant and highly significant at P < 0:05 (∗/#) and P <
0:01 (∗∗/##), respectively.

3. Results

3.1. Pathological Changes in the Mouse Lung Tissue. The
H&E staining results showed that the lung tissue of PF mice
had pathological changes, inflammatory infiltration, and

destruction of the alveolar tissue structure. The lung tissue
of the mice treated with medium- and high-dose ATG was
similar to that of the Sham operation group (Figure 1(a)).
The results of Masson’s trichrome staining showed a large
number of collagen fibers in the lung tissue, whereas the
lung tissue of the mice in the positive control group was sig-
nificantly ameliorated. ATG treatment showed an obvious
concentration dependence, with the greatest improvement
observed in the high-dose group (Figures 1(b) and 1(d)). Sir-
ius red staining showed obvious collagen deposition in the
lung tissue of PF mice, and the positive control mice showed
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Figure 2: Assessment of pulmonary fibrosis. Immunohistochemical detection of fibrosis biomarkers: (a) collagen type I, (b) fibronectin, and
(c) α-SMA. (d) Expression of the fibrosis biomarkers by western blot. (e)–(g) Statistical analysis of the fibrosis biomarkers by an
immunohistochemical assay (∗P < 0:05, ∗∗P, ∗∗∗P, ∗∗∗∗P < 0:01 vs. the PF group; ##P, ###P, ####P < 0:01 vs. the Sham group). (h)–(j)
Expression of the fibrosis biomarkers by western blot (∗∗∗P, ∗∗∗∗P < 0:01 vs. the PF group; ##P, ###P, ####P < 0:01 vs. the Sham group).
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a good therapeutic effect. ATG also showed a good therapeu-
tic effect, but it did not show concentration dependence
(Figures 1(c) and 1(e)).

We found that the lung wet-to-dry ratio of the PF lung
tissue was significantly higher than that of the Sham opera-
tion group (Figure 1(f)). We observed no improvement in
low- and medium-dose groups, while we observed signifi-
cant decreases in the high-dose and positive control groups.
Data analysis showed differential changes (P < 0:05). Next,
the mice were pretreated with bronchoalveolar lavage fluid
(BALF) (Figure 1(g)). We found that the content of
hydroxyproline in BALF increased significantly in mice suf-
fering from PF. We did not observe a significant difference
between the low- and medium-dose treatment groups, but
we did find a significant difference between the high-dose
and the positive control groups. The results showed that
high-dose ATG could effectively reduce the secretion of
hydroxyproline in mouse BALF.

3.2. PF Assessment. Through immunohistochemical analysis
of the expression of PF biomarkers (Figures 2(a)–2(c)), we
found that the expression levels of collagen, fibronectin,
and α-SMA in the lung tissue of the PF mice significantly
increased, almost over the whole lung tissue, which was con-
sistent with the results of the previous pathological analysis.
The positive control group demonstrated a clear therapeutic

effect, and the expression of PF markers was effectively
inhibited (Figures 2(e)–2(g)). After ATG intervention, we
found no obvious therapeutic effect on inhibiting collagen
and fibronectin expression in the low-dose group, whereas
the medium- and high-dose groups showed better therapeu-
tic effects. In particular, in the high-dose ATG group, the
expression of the fibrosis markers in the lungs decreased sig-
nificantly and tended to be similar to the positive control
group.

Next, a western blot was used to verify the expression of
the fibrosis biomarkers in the lung tissue (Figure 2(d)). The
results showed that ATG effectively inhibited the expression
of collagen, while medium-dose ATG and nintedanib
showed no inhibitory effect on the fibronectin expression,
and high-dose ATG showed no inhibitory effect on the
expression of α-SMA (Figures 2(h)–2(j)).

3.3. OS in the Lungs. To determine the level of OS in the
lungs, the lung tissue was ground with liquid nitrogen, pro-
teins were extracted, and the contents of SOD, MDA, and
GSH were detected (Figures 3(a)–3(c)). We found that the
contents of SOD and GSH in the lung tissue of PF mice
decreased significantly, whereas the content of MDA
increased significantly. ATG intervention effectively
improved the OS of the lung tissue. The effects of medium-
and high-dose ATG were more stable, whereas the

Sh
am PF

L-
AT

G

M
-A

TG
(a) (b)

(c) (d)

H
-A

TG

N
in

b

0

50

100

150

C
on

te
nt

 o
f S

O
D

 (U
/m

gp
ro

t)
⁎

⁎⁎

#

⁎

Sh
am PF

L-
AT

G

M
-A

TG

H
-A

TG

N
in

b

0

2

4

6

C
on

te
nt

 o
f M

D
A

 (n
m

ol
/m

gp
ro

t)

####

⁎⁎⁎⁎
⁎⁎⁎

Sh
am PF

L-
AT

G

M
-A

TG

H
-A

TG

N
in

b

0

100

200

300

400

500

C
on

te
nt

 o
f G

SH
 (u

m
ol

/g
pr

ot
)

##

⁎

⁎⁎⁎⁎
⁎⁎

⁎⁎⁎⁎

Sh
am PF

L-
AT

G

M
-A

TG

H
-A

TG

N
in

b

250

300

350

400

450

8-
iso

-P
G

F2
𝛼

 in
 B

A
LF

 (n
g/

m
L)

####

⁎⁎
⁎⁎⁎⁎

Figure 3: Assessment of oxidative stress in the lungs: (a) SOD, (b) MDA, (c) GSH, and (d) 8-ios-PGF2α content in each group (∗P < 0:05,
∗∗P, ∗∗∗P, ∗∗∗∗P < 0:01 vs. the PF group; #P < 0:05, ##P, ####P < 0:01 vs. the Sham group).
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Figure 4: (a) Immunofluorescence detection of ROS. (b)–(e) Expression of ROS, Nrf-2, HO-1, and NQO-1 by immunohistochemistry. (f)–(i)
Statistical analysis of ROS, Nrf-2, HO-1, and NQO-1 by immunohistochemical detection (∗∗P, ∗∗∗P, ∗∗∗∗P < 0:01 vs. the PF group; #P < 0:05,
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regulation effect of low-dose ATG on SOD was not obvious.
Subsequently, we analyzed 8-iso-prostaglandin PGF2α (8-
iso-PGF2α) in the alveolar lavage fluid of the mice
(Figure 3(d)). The 8-iso-PGF2α content in PF increased sig-
nificantly, and medium and high doses of ATG effectively
inhibited the 8-iso-PGF2α expression.

3.4. Expression of OS Regulatory Factors in Lungs. The
expression of ROS in the mouse lungs was detected by
immunofluorescence (Figure 4(a)). Using fluorescence
microscopy, the expression of ROS in the lung tissue of PF
mice was significantly enhanced, which was effectively
reduced by ATG; this effect was the most noticeable in the
high-dose ATG group, the results of which were similar to
those of the nintedanib treatment group. The expression of
OS-related regulatory factors was detected by immunohisto-
chemistry and western blot. We examined the OS regulatory
factor nuclear factor-related factor 2 (Nrf-2) (Figure 4(b))

and its regulated antioxidant factors, heme oxygenase 1
(HO-1) (Figure 4(c)) and quinone oxidoreductase 1
(NQO1) (Figure 4(d)). We found that high-dose ATG inter-
vention effectively enhanced the expression of these three
factors and alleviated the OS pressure in the lung tissue of
PF mice (Figures 4(g)–4(i)).

3.5. Expression of the TGF-β/Akt Signaling Pathway in
Mouse Lungs. The TGF-β/Akt signaling pathway was next
examined and tested by immunohistochemistry and western
blot (Figure 5). We found that the expression of TGF-β in
the lung tissue of PF mice was significantly enhanced, while
ATG effectively inhibited its expression (Figure 5(a)). We
also detected the expression of Akt and phosphorylated
Akt (p-Akt) (Figures 5(b) and 5(c)), and immunohistochem-
istry showed that the expression of p-Akt was significantly
enhanced under the regulation of TGF-β (Figure 5(e)). The
western blot displayed similar results (Figures 5(d) and 5(f
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by western blot. (e) Expression of antioxidant factors and TGF-β/Akt by western blot (∗P < 0:05, ∗∗P, ∗∗∗P, ∗∗∗∗P < 0:01 vs. the PF group;
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)). These results suggested that ATG indirectly regulates the
TGF/Akt signaling pathway through its antioxidant effect.

4. Discussion

In the early stages of PF, various injuries and stimuli can
recruit circulating monocytes to differentiate into macro-
phages after entering the diseased tissue. The differentiation
of macrophages can form two extreme phenotypes with dif-
ferent inflammatory states, namely, classically activated M1
macrophages and alternatively activated M2 macrophages.
These subgroups have different gene expression profiles
and biomarkers. In the early stage of tissue injury, apoptotic
cells recruit proinflammatory monocytes to aggregate, differ-
entiate into classically activated M1 macrophages and clear
necrotic tissue, and express numerous proinflammatory
cytokines, including tumor necrosis factor (TNF-α),
interleukin-6 (IL-6), and interferon γ (IFN-γ). Subsequently,
the proinflammatory signal is inhibited, favoring the differ-
entiation into alternatively activated M2 macrophages,
which express high levels of anti-inflammatory cytokines
and growth factors, such as IL-4, IL-10, and transforming
growth factor β (TGF-β) [25, 26]. Cytokines stimulate the
differentiation and proliferation of epithelial and endothelial
cells, restore tissue morphological structure, and promote
the phenotypic transformation of fibroblasts into myofibro-
blasts to synthesize and secrete ECM and promote tissue
repair [27]; however, if M2 macrophages are continuously
activated, they may stimulate myofibroblasts to further
secrete ECM, which can lead to fibrosis [25].

It has been found that the long-term efficacy of treat-
ment by simply inhibiting inflammation is unsatisfactory.
Subsequently, it has been shown that the occurrence of PF
is closely related to the oxidation/antioxidant imbalance
caused by the accumulation of ROS [28–30]. Compared to
healthy individuals, OS biomarkers in the exhaled respira-
tory condensate of patients with PF contain hydrogen perox-
ide (H2O2) and 8-iso-PGF2 α. In addition, the contents of
Nrf-2 and its regulated antioxidant factors, HO-1 and
NQO1, in the BALF of patients with PF are nearly five times
higher, while GSH is decreased in the epithelial cell lining
fluid and sputum of patients with PF [31, 32].

ROS has an important impact on the development of PF.
Persistent lung injury can produce ROS, which can cause
apoptosis of ACEs, damage to the basement membrane, a
transformation of stroma to the epithelium, destruction of
lung structure, and damage of alveolar gas exchange [33].
ROS produced by alveolar type II cell injury can cause an
OS response, which can not only induce epithelial cell apo-
ptosis but also activate intracellular signaling pathways and
upregulate the synthesis and release of TGF-β, finally lead-
ing to lung injury and fibrosis. Moreover, the intracellular
signaling triggered by OS can stimulate fiber proliferation
and the expression of TGF-β, thereby accelerating the devel-
opment of PF [34]. This finding also suggests that PF can be
delayed through an antioxidant effect.

In this study, through histopathological staining analysis,
we confirmed that ATG effectively inhibited the expression
and deposition of collagen fibers in the lungs of PF mice.

The immunohistochemistry and western blot results showed
that ATG effectively reduced the expression of the examined
fibrosis biomarkers. However, the mechanism by which
ATG affects PF remains unknown. ATG has been shown
to have a good antioxidant effect, and considering the key
regulatory role of OS in the occurrence and development
of PF, we tested the key indicators of OS in the lungs of PF
mice. The results showed that the expression of MDA
increased, and the activities of GSH and SOD decreased in
the lungs of PF mice, while all indicators were improved
after ATG treatment. These findings suggest that ATG can
treat PF through its antioxidant effects.

First, we detected the expression of ROS in mouse lung
tissue by immunofluorescence. The immunofluorescence
results showed that the content of ROS in mouse lung tissue
increased significantly after fibrosis, confirming previous
findings that the development of PF is closely related to
OS. There was no obvious expression of ROS in the lung tis-
sue of ATG-treated mice, which also showed that ATG had
an antioxidant effect. Although these findings demonstrate
that ATG can inhibit the process of bleomycin-induced PF
through antioxidant effects, the specific details of the effect
remain unclear.

Nrf2 is a central regulator of intracellular redox homeo-
stasis and an important transcription factor involved in reg-
ulating the cellular OS response. By inducing and regulating
the constitutive and inducible expression of a series of anti-
oxidant proteins, Nrf2 can reduce the cell damage caused by
ROS and electrophiles, maintain the cells in a stable state,
and maintain the dynamic redox balance [35, 36]. HO-1
and NQO-1, regulated by Nrf-2, have antioxidant, anti-
inflammatory, and antiapoptotic effects and are involved in
signal transduction, immune regulation, and inhibition of
the adhesion molecule expression. The strong adaptive
response of HO-1 to various stimulating factors suggests
that HO-1 plays an important role in preventing the inflam-
matory process and oxidative tissue damage [37].

Second, considering that Nrf-2, HO-1, and NQO-1 play
important roles, we immunohistochemically detected their
expression levels. We found that high-dose ATG interven-
tion effectively enhanced the expression of these three fac-
tors and alleviated the OS pressure in the lung tissue of PF
mice. We next detected the regulatory factors by western
blot. These results showed that medium and high doses of
ATG were able to promote the expression of OS-related fac-
tors, effectively improve the expression of antioxidant sub-
stances in the lung tissue, and strengthen the antioxidant
effect.

Although we proved experimentally that ATG can
inhibit PF through antioxidative effects, previous studies
have reported that TGF-β is the most direct regulator of
fibrosis, and that regulation of TGF-β could effectively
reduce collagen secretion. Finally, to clarify how ATG regu-
lates TGF-β, we analyzed TGF-β by immunohistochemistry
and western blot. We found that the expression of TGF-β in
the lung tissue of PF mice was significantly enhanced, which
was effectively inhibited by ATG. We also detected the
expression of Akt and phosphorylated Akt (p-Akt) and
found that the expression of p-Akt was significantly
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enhanced under the regulation of TGF-β. This result sug-
gested that ATG indirectly regulates the TGF/Akt signaling
pathway through its antioxidant effects.
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