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Abstract. Maiwei Yangfei (MWYF) is a compound Chinese 
herb that is safe and effective in the clinical setting in patients 
with pulmonary fibrosis (PF). The aim of the present study 
was to assess the role of a (MWYF) decoction in a bleo‑
mycin (BLM)‑induced PF mouse model and to investigate 
the underlying functional mechanism. Chemical components 
within the MWYF decoction were analysed using liquid 
chromatography‑mass spectrometry. A total of 50 C57BL/6 
mice were randomly assigned to one of the following five 
groups with 10 mice per group: Control, model, low dose 
MWYF (20 g/kg), medium dose MWYF (40 g/kg) and high 
dose MWYF (60 g/kg). A mouse PF model was established 
by the tracheal instillation of BLM (5 mg/kg) prior to MWYF 
treatment, except for mice in the control group. After 21 days 
of treatment with MWYF, the mice were sacrificed and the 
body weights were recorded. In addition, pulmonary tissues 
and bronchial alveolar lavage fluid were collected. TNF‑α, 
IL‑6, IL‑17, hydroxyproline, pyridinoline and collagen I levels 
were determined using ELISA. Vimentin, α‑smooth muscle 
actin (α‑SMA), fibronectin, TGF‑β1, Smad3, TNF‑α, IL‑6, 
IL‑17, collagen I and collagen III were determined using 
western blotting. Vimentin and α‑SMA levels were also 
determined using immunofluorescence analysis. Collagens I 
and III were detected using immunohistochemical analysis 
and TGF‑β1 and Smad3 levels were determined using reverse 
transcription‑quantitative PCR. Following treatment with 
MWYF decoction, the body weight of the mice in the PF 

group increased, the degree of pulmonary alveolitis and PF 
was reduced, collagen levels were reduced and the expression 
levels of α‑SMA, vimentin and fibronectin were decreased. 
Although both protein and mRNA expression levels of TGF‑β1 
and Smad3 were reduced, they remained higher than those 
observed in the control group. To conclude, MWYF decoc‑
tion delayed the development of BLM‑induced PF in mice, 
where the functional mechanism was likely associated with 
the TGF‑β1/Smad3 signalling pathway.

Introduction

Pulmonary fibrosis (PF) is a chronic, progressive and poten‑
tially lethal pulmonary interstitial disease that primarily occur 
in middle‑aged and elderly individuals (1,2). This disease is 
characterized by an unusual interstitial pneumonitis, where 
fibrosis and honeycomb‑like lesions can be observed at the 
sub‑pleura and basal pleura (3,4). In addition, deposition of 
collagen and extracellular matrix (ECM) occur at the periph‑
eral PF locus, which ultimately results in structural changes 
in the pulmonary tissues, loss of pulmonary ventilation, 
pulmonary diffusion and even mortality (3,4). PF is a pulmo‑
nary disease, with a median survival time of only 2‑4 years in 
patients who do not receive lung transplants, making it a severe 
lung disease (5). In particular, the incidence of PF continues 
to rise with an increased aging population worldwide  (6). 
However, the underlying pathogenic mechanism of PF remain 
poorly understood (7).

It has been previously hypothesized that PF is closely 
associated with alterations in alveolar epithelial cells and 
pulmonary fibroblasts (6). In PF, the initiating factor is typi‑
cally alveolar epithelial cell injury (8). After the epithelial 
cells are aberrantly activated due to external damage and 
stimulation, they secrete large quantities of inflammatory 
factors, including IL‑6, IL‑17 and TGF‑β1  (9,10). This 
induces the conversion of epithelial cells into fibroblast, 
causes the chemotaxis of mononuclear cells in the circula‑
tory system into the pulmonary space, transformation of 
pulmonary fibroblasts into myofibroblasts and the secretion 
and deposition of large amounts of ECM into the pulmonary 
tissues, leading to morphological and structural changes in 
the pulmonary tissues (11‑13).
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At present, a therapeutic strategy that is fully effective for 
the treatment of PF remain unavailable. The clinically applied 
pirfenidone and nintedanib can only delay the deterioration of 
lung function in patients with slight‑to‑moderate PF (14,15). 
Additionally, N‑acetylcysteine can only improve the survival 
rate in patients with the recombinant toll interacting protein TT 
genotype (16). Over the past decade, with increased interest in 
traditional Chinese medicine (TCM) and symptom‑based and 
disease‑based approaches, a growing number of clinical trials 
and studies have emerged regarding the treatment of PF using 
extracts of Chinese medicine, highlighting the potentially 
novel methods and for the treatment of PF (17‑21). Therefore, 
it may prove to be beneficial to explore the applicability of 
Chinese medicine to fully exploit its unique advantages, 
whilst at the same time to characterize the bioactive medicinal 
compounds contained within the TCM for the treatment of PF.

In the present study, a single‑use bleomycin (BLM) instil‑
lation method was used to establish a PF mouse model, which 
was subsequently treated using MWYF by intragastric admin‑
istration. In the PF mice, the role of MWYF decoction was 
investigated, in addition to the possible mechanism of action.

Materials and methods

Reagents and instruments. The MWYF decoction was 
obtained from Jiangsu Province Hospital of Chinese 
Medicine. BLM was supplied by TCI (cat. no. B3972‑10MG, 
Shanghai, China). Hydroxyproline (HYP; cat. no. F10614), 
pyridinoline (PYD; cat.  no.  F11442), collagen I (F5760; 
all from Shanghai Westang Bio‑Tech Co., Ltd.), TNF‑α 
(cat. no. 70‑EK282/3‑96), IL‑6 (cat. no. 70‑EK206/3‑96) and 
IL‑7 [cat. no. 70‑EK207/2‑96; all from MULTISCIENCES 
(LIANKE) BIOTECH, CO., LTD] were ELISA test kits. 
α‑Smooth muscle actin (α‑SMA; cat.  no.  14395‑1‑AP), 
vimentin (cat.  no.  10366‑1‑AP 14395‑1‑AP), fibronectin 
(cat. no. 15613‑1‑AP), collagen I (cat. no. 14695‑1‑AP), collagen 
III (cat. no. 22734‑1‑AP), TNF‑α (cat. no. 17590‑1‑AP), IL‑6 
(cat. no. 21865‑1‑AP), IL‑17 (cat. no. 13082‑1‑AP), TGF‑β1 
(cat.  no.  21898‑1‑AP), Smad3 (cat.  no.  25494‑1‑AP) and 
β‑actin (cat.  no.  20536‑1‑AP) antibodies were purchased 
from Wuhan Sanying.

Preparation of MWYF decoction and quality control standards. 
The MWYF decoction included 15 g Codonopsis pilosula, 
15  g Michaelmas daisy, 10  g Radix  ophiopogonis, 10  g 
Schisandra chinensis, 10 g perilla fruit, 10 g Pinellia ternate, 
10 g Scutellaria baicalensis, 10 g Angelica sinensis, 10 g 
tangerine peel, 6 g fried Chinese ephedra, 3 g Asarum sieboldi 
and 3 g fried glycyrrhiza. The raw drug material was identi‑
fied and authenticated by Professor Zhu Yufeng (Department 
of Pharmacy, Jiangsu Province Chinese Medicine Hospital, 
Jiangsu, China). A total of 5 doses of MWYF raw drug mate‑
rial was immersed in 3 l ddH2O at 20˚C for 30 min. The 
mixture of water and raw drug material was then boiled to 
120˚C for 30 min and a decoction was collected. This proce‑
dure was repeated twice and the decoctions were pooled 
together. The 5 doses of decoction were centrifuged at 500 x g 
before the supernatant was collected, filtered, concentrated 
and freeze‑dried to obtain a freeze‑dried powder, which was 
used to prepare different concentrations of MWYF.

The characteristic components in the MWYF decoction 
were qualitatively analysed using liquid chromatography‑mass 
spectrometry (LC‑MS). Briefly, 50 mg freeze‑dried samples 
were extracted using 800 µl 80% methanol and 10 µl internal 
standard (2.8 mg/ml, DL‑o‑chlorophenylalanine) and then 
vortexed for 30 sec. Next, the samples were ultrasonicated for 
30 min at 40 kHz at 50˚C and all owed to stand for 1 h at 20˚C. 
The samples were centrifuged 1,800 x g and 4˚C for 15 min. 
The supernatant was collected in small vials and then used for 
evaluation by LC‑MS (UltiMate™ 3000, Q Exactive™; Thermo 
Fisher Scientific, Inc.). LC‑MS was performed using a C18 
chromatographic column (Hypersil GOLD C18; 100x2.1 mm, 
1.9 µm; Thermo Fisher Scientific, Inc.). Chromatographic 
isolation was performed at a column temperature of 40˚C with 
a 0.3 ml/min flow rate. The composition of the mobile phase 
A was water + 5% acetonitrile and 0.1% formic acid, while 
mobile phase B was composed of acetonitrile + 0.1% formic 
acid. The injection volume was 10 µl. The temperature of the 
autosampler was 4˚C.

Method for model construction. A single dose intratracheal 
instillation of BLM was used to construct the PF mouse 
model. The mice were first anesthetized by an intraperitoneal 
injection of 3% sodium pentobarbital (40 mg/kg) and fixed 
on the operating table (22,23). Along the neck, the skin was 
cut open lengthways and the trachea was passively exposed. 
A blunt no. 7 lumbar spinal needle was inserted slowly into 
the trachea along the root of the tongue. The needle was then 
inserted with the depth of 2.8‑cm and 5 mg/kg BLM was 
slowly instilled (24). The control group was treated in a manner 
similar to that in the treatment group, with physiological saline 
instilled instead of BLM. To ensure even distribution of BLM 
into the lung tissues, the mice were moved back and forth and 
upside down.

Test animals and grouping. A total of 50 SPF grade C57BL/6 
male mice (weight, 20‑25 g) were supplied by the Qinglongshan 
Animal Centre [Jiangning, Nanjing; licence no. SCXK (Su) 
2017‑0001; certification no. 201903602]. The mice were reared 
at the SPF grade test animal centre at the Nanjing University 
of Traditional Chinese Medicine at 22˚C and 46% relative 
humidity, with a 12‑h light/dark cycle. The mice were provided 
with ad libitum access to food and water and were allowed to 
acclimatise to the new environment for 1 week prior to experi‑
mentation. All experimental studies followed the Guide for the 
Care and Use of Laboratory Animals (25). The present study 
was approved by the Ethics Commission for Animal Tests 
of the Nanjing University of Traditional Chinese Medicine 
(Nanjing, China). A total of 50 mice were randomly assigned 
into five groups (10 mice in each group). For the control group, 
saline was administered through oral gavage. After the PF 
model was successfully established, mice in the model group 
were administered with saline through oral gavage. The treat‑
ment groups also received BLM to establish the model, but 
then subsequently received 20, 40 or 60 g/kg/day MWYF soup 
by gavage from days 1 to 21. Body weight was measured every 
2 days. The unit used for the MWYF dosage is termed the total 
raw material. Fur color, behaviour and other vital signs were 
observed every day. A total of 21 days after continuous admin‑
istration of MWYF, the mice were intraperitoneally injected 
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with 3% sodium pentobarbital (150 mg/kg) for euthanasia (23). 
Lung tissues and bronchoalveolar lavage fluid (BALF) were 
then collected. For each mouse, the lower lobe of the right lung 
was collected and fixed in 4% paraformaldehyde (4˚C; 24 h). 
The remaining lung tissues were maintained in 2 ml tubes and 
flash‑frozen in liquid nitrogen. The samples were then stored 
at ‑80˚C until required for further analysis.

Pulmonary alveolitis and PF scoring. Lung tissues were fixed 
in 4% polyoxymethylene (4˚C) for 24 h. The tissues were 
embedded in paraffin and cut into 4‑µm thick sections. The 
slices were then subjected to H&E and Masson staining. The 
levels of alveolar inflammation were scored using Szapiel's 
method (26). The levels of PF were scored using Ashcroft's 
method (27).

Collagen I, HYP, PYD and inflammatory cytokines in 
pulmonary tissues and BALF. The optical density (OD) value 
was measured after ELISA was performed according to the 
manufacturer's protocols, before the final content of HYP and 
PYD was calculated using a standard curve.

TNF‑α, IL‑6 and IL‑17 levels in BALF were determined 
using ELISA, according to the manufacturer's protocol. The 
colour was developed at room temperature, the OD was 
recorded and TNF‑α, IL‑6 and IL‑17 levels in the BALF were 
calculated using a standard curve.

Immunohistochemical determination of collagen I and 
collagen III. Lung tissue sections (5 µm) were deparaffinized 
with xylene and ethanol and washed with PBS. A few drops of 
3% H2O2 were added to block endogenous peroxidase activity 
at 25˚C for 25 min in the dark. Antigen retrieval was performed 
by boiling in citrate buffer solution at 95˚C for 20 min. The 
tissues were then blocked with 3% BSA (cat. no. R22294; 
ShangHai YuanYe Biotechnology Co., Ltd.) at 25˚C for 30 min. 
Collagen I and collagen III antibodies were added to the samples 
at 4˚C for 12 h, which were placed in a wet box. After over‑
night incubation, the secondary antibody (Biotin‑conjugated 
Affinipure Goat Anti‑Rabbit; 1:500; cat.  no.  SA00004‑2; 
ProteinTech Group, Inc.) was applied at 25˚C for 50 min, and 
the signal was revealed using 3,3'‑diaminobenzidine reagent 
(cat. no. 8059S; Cell Signalling Technology, Inc.) followed 
by sealing of the sections with neutral resin. The expression 
of collagen I and collagen III were observed under a light 
microscope (XSP‑C204; Chongqing Chongguang Industrial 
Co., Ltd.) at a magnification of x200. Results were quantified 
using ImageJ software (v.1.52; National Institutes of Health).

Determination of vimentin and α‑SMA expression using 
immunofluorescence analysis. Lung tissue slices (5  µm) 
were incubated in citrate buffer (0.01 mol/l; pH 6.0) at 95˚C 
for 20 min. The sections were then sealed with 10% goat 
serum at 37˚C for 30 min. The primary antibody (α‑SMA or 
vimentin; 1:200) was added and the sections were incubated 
overnight at 4˚C. The following day, the sections were washed 
with PBS and then incubated with the secondary antibody 
(Alexa Fluor 647; 1:500; cat. no. A0468; Beyotime Institute 
of Biotechnology) at 25˚C for 50 min in the dark. Finally, the 
cell nuclei were stained using DAPI (cat. no. C1002; Beyotime 
Institute of Biotechnology) at 37˚C for 10 min in the dark. 

The slides were observed under a fluorescence microscope 
(magnification, x200; Leica Microsystems GmbH).

Western blotting. Briefly, 20 mg lung tissue was added to 
RIPA Lysis Buffer (cat. no. P0013B; Beyotime Institute of 
Biotechnology). The tissues were homogenised and total 
protein was extracted. The protein content was measured 
using a bicinchoninic acid assay. The protein sample was 
subjected to 10% SDS‑PAGE with 30 µg/well and then trans‑
ferred onto a PVDF membrane, before and the membrane was 
blocked at room temperature for 2 h with 5% skimmed milk 
and washed with TBS with 100.1% Tween-20 (TBST) three 
times, 10 min per wash. The primary antibody was prepared 
according to the manufacturer's protocol and incubated at 4˚C 
for 12‑18 h. The dilution of the α‑SMA antibody used was 
1:2,000, whilst the dilution of fibronectin, vimentin, collagen 
I, collagen III, TGF‑β1 and Smad3 antibodies was 1:1,000. 
The membranes were washed again with TBST three times 
for 10 min. Subsequently, the membrane was incubated with 
an HRP‑conjugated secondary antibody (cat. no. 3999S; Cell 
Signalling Technology, Inc.) at room temperature for 1 h. Next, 
the membranes were washed with TBST three times for 10 min. 
Signals were visualized using chemiluminescence reagent 
(cat. no. 170‑5061; Bio‑Rad Laboratories, Inc.). Densitometry 
analysis was performed using Image Lab software (v.5.1; 
Bio‑Rad Laboratories, Inc.).

Reverse transcription‑quantitative (RT‑q)PCR. Pulmonary 
tissues were homogenised, and total RNA was extracted 
using TRIzol® reagent (cat.  no. 15596026; Thermo Fisher 
Scientific, Inc.). The concentration of RNA was calculated, 
and cDNA was synthesised using Hifair® Ⅲ 1st Strand 
cDNA Synthesis SuperMix kit (cat. no. 11141ES60; Shanghai 
Yeasen Biotechnology Co., Ltd.) according to the manufac‑
turer's protocol. Hieff® qPCR SYBR Green Master Mix kit 
(cat. no. 11201ES03; Shanghai Yeasen Biotechnology Co., 
Ltd.) was used to assay the relative expression levels of TGF‑β1 
and Smad3 in the pulmonary tissues. The thermocycling 
conditions used were as follows: 95˚C for 5 min; followed by 
40 cycles of denaturation at 95˚C for 10 sec, annealing at 60˚C 
for 20 sec and elongation at 72˚C for 20 sec. The average 
expression of target genes and GAPDH was calculated using 
the Cq values. In each group, the relative amount of gene 
expression was calculated using the 2‑ΔΔCq value of the model 
group (28). Primers for TGF‑β1 and Smad3 were synthesised 
by Sangon Biotech Co., Ltd. The sequences of the primers 
were TGF‑β1 forward, 5'‑CCA​GAT​CCT​GTC​CAA​ACT​AAG​
G‑3' and reverse, 5'‑CTC​TTT​AGC​ATA​GTA​GTC​CGC​T‑3' 
Smad3 forward, 5'‑ATT​CCA​TTC​CCG​AGA​ACA​CTA​A‑3' and 
reverse, 5'‑TAG​GTC​CAA​GTT​ATT​GTG​TGC​T‑3'; GAPDH 
forward, 5'‑GGT​TGT​CTC​CTG​CGA​CTT​CA‑3'; and reverse, 
5'‑TGG​TCC​AGG​GTT​TCT​TAC​TCC‑3'.

Statistical analysis. All results are based on triplicate experi‑
ments and presented as the mean ± standard deviation (SD). 
Statistical analysis was performed using GraphPad Prism 8 
software (GraphPad Software, Inc.). Inflammation and fibrosis 
scores were compared using Kruskal‑Wallis test, followed by 
the Dunn post hoc test. One‑ or two‑way analysis of variance 
followed by Tukey's test was used to determine statistical 
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significance. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Primary components in MWYF. MWYF consists of 12 Chinese 
herbal medicines, indicating a complex composition. Amino 
acids, flavonoids, phenols, terpenes and organic acids were 
identified in the MWYF decoction and LC‑MS was used for 
the analysis of these chemical ingredients. Under optimised 
LC‑MS conditions, the primary components of MWYF were 
isolated and detected. The typical components are shown in 
Table I. The peak signals for the 12 chemicals were identi‑
fied according to the retention time, mass of fragment ions 
(mass/valence), the wavelength of UV absorption. The 
total ion flow of these components is shown in Fig. 1. In the 
chromatograms, succinic acid, ephedrine, ferulic acid, espe‑
ridin, rosmarinic acid, lobetyolin, baicalin, glycyrrhizic acid, 
schizandrin, asarinin, ruscogenin and shionone were detected.

Body weight. To assess the effects of MWYF fibrosis in vivo, 
mice were instilled with BLM to induce lung fibrosis. MWYF 
at doses of 20, 40 or 60 g/kg/day were orally given to the mice 
for 21 days (Fig. 2A). The weights of the mice were markedly 
reduced within 3 days of model construction, with the excep‑
tion of the control group. However, 1 week after the model 
was constructed, the weight of mice in all groups continued to 
recover (Fig. 2B). Compared with those in the control group, 
the terminal mice weights in the model group were signifi‑
cantly reduced. Although the body weights of mice in the 
treatment group increased, no statistical difference could be 
observed compared with those in the model group (Fig. 2C).

Pulmonary alveolitis and PF scores. Pulmonary alveolitis 
and PF were scored based on the H&E and Masson staining 
images to evaluate the degree of inflammation and fibrosis. 
Using H&E staining, the structure of the mouse lung tissues 
in the control group was clear, the morphology of pulmonary 
alveoli was normal, the walls of the pulmonary alveoli were 

thin and no inflammatory cell infiltration was observed in 
the interstitial lung (Fig. 3A). In mice in the model group, the 
structure of the pulmonary alveoli was severely damaged. 
Several pulmonary alveoli had collapsed, merged and had 
become necrotic (Fig. 3A). The walls of the pulmonary alveoli 
were thickened and exhibited large degrees of inflammatory 
cell infiltration (Fig. 3A). Compared with that in the model 
group, in the high dose MWYF group, marked improvements 
were observed, with the structure of pulmonary alveoli almost 
intact, in addition to fewer collapsed pulmonary alveoli or 
parenchymal lesions and a reduced degree of inflammatory 
cell infiltration in the cavity of pulmonary alveoli (Fig. 3A). 
These parameters were also improved to a certain extent in the 
low and medium dose MWYF groups (Fig. 3A).

In the control group, Masson staining demonstrated that 
the structure of pulmonary alveoli tissues was regular and 
arranged in an orderly manner, with only a small number of 
fine light blue fibres observed (Fig. 3A). In the lung tissues of 
the model group, large quantities of blue collagen were depos‑
ited in the alveolar septum and in the pulmonary mesenchyme 
(Fig. 3A). Compared with that in the model group, significant 
improvements were observed in the high dose MWYF group, 
with blue collagen deposition markedly alleviated in the lung 
tissues. A degree of improvement albeit to a reduced extent 
was also observed in the low and medium dose MWYF groups 
(Fig. 3A).

The inflammation score was calculated to be significantly 
higher in the model group compared with that in the normal 
control group (Fig. 3B). In the high dose MWYF group, the 
pulmonary alveolitis score was significantly reduced compared 
with the scores of the model group (Fig. 3B). Compared with 
that in the control group, the PF score was significantly higher 
in the model group (Fig. 3C). The mouse PF scores in the high 
dose MWYF group were also significantly lower compared 
with that in the model group (Fig. 3C).

Collagen content in the pulmonary tissues. The typical patho‑
logical change during PF is characterised by the deposition of 
collagen in the pulmonary fibres, particularly collagen I and 

Table I. Composition of Maiwei Yangfei decoction.

Compound				    Exact 	 Retention 	 Mass/charge	 Parts per	
number	 Component	 Formula	 Adduct	 Mass	 time (min)	 ratio	  million	 Chinese name

  1	 Succinic acid	 C4H6O4	 [M‑H]‑	 117.01823	 1.20	 191.01891	 ‑3.548	 Ban xia
  2	 Ephedrine	 C10H15NO	 [M+H]+	 166.12264	 2.75	 447.09247	 0.417	 Ma huang
  3	 Ferulic acid	 C10H10O4	 [M‑H]‑	 193.04953	 3.59	 193.04967	 0.698	 Dang gui
  4	 Hesperidin	 C28H34O15	 [M+H]+	 611.19704	 3.70	 611.19733	 0.464	 Chen pi
  5	 Rosmarinic acid	 C18H16O8	 [M‑H]‑	 359.07614	 3.78	 359.07700	 3.470	 Zi su zi
  6	 Lobetyolin	 C20H28O8	 [M+Na]+	 419.16763	 4.00	 419.16718	 ‑0.969	 Dang shen
  7	 Baicalin	 C21H18O11	 [M+H]+	 447.09218	 4.02	 447.09247	 0.631	 Huang qin
  8	 Glycyrrhizic acid	 C42H62O16	 [M+H]+	 823.41106	 5.48	 823.41187	 0.981	 Gan cao
  9	 Schisandrin	 C24H32O7	 [M+H]+	 433.22207	 6.41	 433.22208	 0.000	 Wu wei zi
10	 Asarinin	 C20H18O6	 [M‑H]‑	 353.10196	 6.75	 353.10315	 3.357	 Xi xin
11	 Ruscogenin	 C27H42O4	 [M+H]+	 431.31558	 7.40	 431.20694	 0.774	 Mai dong
12	 Shionone	 C30H50O	 [M+H]+	 427.39344	 13.45	 427.39380	 0.836	 Zi wan
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collagen III (29). Compared with that in the control group, the 
expression of collagen I and collagen III were significantly 
higher in the model group (Fig. 4A‑C). By contrast, compared 
with that in the model group, the expression of collagen I and 
collagen III were reduced to a certain degree in the lung tissues 
of the MWYF‑treated groups, but a significant reduction was 
only observed in the high dose MWYF group (Fig. 4A‑C).

HYP is the primary component of collagen, where its 
content is an effective indicator for evaluating collagen depo‑
sition in lung tissues (30). PYD is a key enzyme involved in 
collagen synthesis, which can be used to effectively indicate 
the state of collagen deposition (31). Compared with those in 

the control group, the levels of collagen I, HYP and PYD were 
significantly higher in the lung tissues of the model group, as 
indicated by ELISA data. By contrast, in the low, medium and 
high dose MWYF groups, the levels of collagen I, HYP and 
PYD were reduced to a certain degree compared with those 
in the model group (Fig. 4D‑F), with the reduction becoming 
significant in the high dose MWYF group (Fig.  4D‑F). 
Compared with those in the control group, western blotting 
demonstrated that the expression levels of collagen I and 
collagen III were significantly increased in the model group. 
By contrast, in the low, medium and high dose MWYF groups, 
the expression levels of collagen I and collagen III were 

Figure 1. Elementary particle flow graph chromatogram of the Maiwei Yangfei decoction. Monitoring in (A) positive ion mode and (B) negative ion mode. In 
the chromatograms, succinic acid, ephedrine, ferulic acid, esperidin, rosmarinic acid, lobetyolin, baicalin, glycyrrhizic acid, schizandrin, asarinin, ruscogenin 
and shionone were detected.
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reduced to a certain degree compared with those in the model 
group, with the reduction becoming significant in the medium 
and high dose MWYF groups (Fig. 4G and H).

Expression of related marker proteins in the pulmonary 
tissues. In PF, the main pathological changes observed are the 
proliferation of pulmonary fibroblasts and the differentiation 

Figure 2. Effects of MWYF on mice body weight in the different treatment groups. (A) Scheme of the experimental setup. After bleomycin exposure, mice 
received MWYF daily and were sacrificed on day 21. (B) Body weight measurement after BLM injection and various treatment regimens over the 21‑day 
period. (C) Effects of MWYF on the terminal body weight in mice with BLM‑induced pulmonary fibrosis. All data are expressed as mean ± SD (n=10), 
###P<0.001 vs. Vehicle control. MWYF, Maiwei Yangfei decoction; BLM, bleomycin; Vehicle control, normal group; Model, model group.

Figure 3. Effects of MWYF on the histopathological changes in lung tissues of mice with BLM‑induced pulmonary fibrosis. (A) Lung sections were stained 
with H&E or Masson Trichrome. Magnification, x200. (B) Effects of MWYF on the alveolitis score. (C) Effects of MWYF on the fibrosis score. All data are 
expressed as mean ± SD (n=10), ##P<0.001 and ###P<0.01 vs. Vehicle control. *P<0.05 and **P<0.01 vs. Model. MWYF, Maiwei Yangfei decoction; Vehicle 
control, normal group; Model, model group.
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of fibroblasts into myofibroblasts (32). α‑SMA is linked to the 
activation of myofibroblasts (33), whilst vimentin is related to 
the proliferation of fibroblasts (34) and fibronectin is a compo‑
nent of the ECM (35). Therefore, the expression levels of these 
proteins were assessed to evaluate the degree of PF using immu‑
nofluorescence and western blotting. Based on the results of the 
immunofluorescence analysis, in the model group, the expres‑
sion levels of α‑SMA and vimentin were increased significantly 

when compared with those in the control group. By contrast, 
treatment with MWYF decoction at all three doses significantly 
decreased the expression levels of these two proteins, with 
the magnitude particularly high in the medium and high dose 
MWYF groups (Fig. 5A‑C). The results of western blotting 
indicated that the expression levels of fibronectin, vimentin 
and α‑SMA were significantly increased in the model group 
compared with those in the control group. By contrast, MWYF 

Figure 4. Effects of MWYF on collagen content in mice with BLM‑induced pulmonary fibrosis. (A) Expression of collagen I and collagen III in the lung tissues 
was measured by immunohistochemistry. Magnification, x200. Quantitative results of immunohistochemical staining for (B) collagen I and (C) collagen III. 
Expression of (D) collagen I, (E) HYP and (F) PYD in the lung tissues was detected by ELISA. (G) Expression of collagen I and collagen III were measured 
by western blotting, (H) which was quantified. All data are expressed as mean ± SD (n=10). #P<0.05, ##P<0.01 and ###P<0.001 vs. Vehicle; *P<0.05, **P<0.01 
and ***P<0.001 vs. Model. MWYF, Maiwei Yangfei decoction; Vehicle control, normal group; Model, model group; HYP, hydroxyproline; PYD, pyridinoline.
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Figure 5. Effects of MWYF on the expression of marker proteins for fibrosis in pulmonary tissues of mice with BLM‑induced pulmonary fibrosis. The red fluo‑
rescence represents the expression of α‑SMA and vimentin, whereas the blue fluorescence represents cell nuclei stained with DAPI. (A) Expression of α‑SMA 
and vimentin in the lung tissues were measured by immunofluorescence. Magnification, x200. (B) Quantitative results of immunofluorescence analysis of 
(B) α‑SMA and (C) vimentin. (D) Expression of fibronectin, vimentin and α‑SMA proteins were measured by western blotting. Quantitative results of (E) fibro‑
nectin, (F) vimentin and (G) α‑SMA protein expression. All data are expressed as mean ± SD (n=10). ##P<0.001 and ###P<0.01 vs. Vehicle control. *P<0.05, 
**P<0.01 and ***P<0.001 vs. Model. MWYF, Maiwei Yangfei decoction; Vehicle control, normal group; Model, model group; α‑SMA, α‑smooth muscle actin.
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administration markedly reduced the expression levels of fibro‑
nectin, vimentin and α‑SMA, with medium and high MWYF 
dose exerting significant reversals (Fig. 5D‑G).

Levels of inflammatory factors in the pulmonary tissues 
and BALF. Cytokines serve key roles in the occurrence and 
development of PF (36). It has been previously shown that 
TNF‑α, IL‑6 and IL‑17 can promote the progression of PF 
through inflammatory pathways (37‑39). To assess the role of 
MWYF in TNF‑α, IL‑6 and IL‑17, the expression profile of 
these three cytokines in pulmonary tissues was determined 
using western blotting whereas TNF‑α, IL‑6 and IL‑17 levels 
were detected in BALF using ELISA. Western blotting indi‑
cated that compared with the control group, the expression 
of TNF‑α, IL‑6 and IL‑17 proteins in the model group was 
increased. Compared with the model group, as the concentra‑
tion of MWYF increased, the protein expression decreased 
(Fig. 6A and B). Compared with those in the control group, the 
levels of TNF‑α, IL‑6 and IL‑17 were significantly increased 
in the BALF of the model group (Fig. 6C‑E). By contrast, in 
the high dose MWYF group, the levels of TNF‑α, IL‑6 and 
IL‑17 were significantly reduced compared with that in the 
model group (Fig. 6C‑E). This suggests that MWYF exerted 

its beneficial effects on PF by reducing the expression of 
inflammatory cytokines.

Expression of TGF‑β1 and Smad3 in pulmonary tissues. 
TGF‑β1 serves a key role in the development of PF (40). TGF‑β1 
promotes the deposition of ECM by increasing the transcrip‑
tional levels of collagen‑related genes via Smad3, thereby 
accelerating the differentiation of pulmonary fibroblasts into 
myofibroblasts and exacerbating the degree of PF by promoting 
the apoptosis of the type‑II epithelial cells (41,42). In the present 
study, the expression levels of TGF‑β1 and Smad3 proteins and 
mRNA were measured using western blotting and RT‑qPCR, 
respectively. High‑ and medium dose MWYF treatment signifi‑
cantly decreased the expression of TGF‑β1 and Smad3 in mouse 
lung tissues at both the transcriptional and translational levels 
compared with that in the model group (Fig. 7).

Discussion

Pulmonary interstitial fibrosis is a connective tissue disease 
that is primarily characterized by dry cough and dyspnoea with 
an unknown pathogenesis (43). The most severe pathological 
traits appear to be the aberrant proliferation of fibroblasts, 

Figure 6. Effects of MWYF on the levels of inflammatory factors in mice with bleomycin‑induced pulmonary fibrosis. (A) Western blot analysis of the protein 
expression of TNF‑α, IL‑6 and IL‑17 in the lung tissues. (B) Quantitative analysis of TNF‑α, IL‑6, and IL‑17 protein expression. Levels of (C) TNF‑α, (D) IL‑6 
and (E) IL‑17 in the BALF were detected by ELISA. All data are expressed as mean ± SD (n=10). ##P<0.001 and ###P<0.01 vs. Vehicle control. *P<0.05, **P<0.01 
and ***P<0.001 vs. Model. MWYF, Maiwei Yangfei decoction; Vehicle control, normal group; Model, model group; BALF, bronchial alveolar lavage fluid.
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differentiation of fibroblasts into myofibroblasts and the 
excessive deposition of ECM, all of which eventually lead 
to the failure of lung function (44,45). Although nintedanib 
and pirfenidone can delay the progression of PF, they are 
expensive and cause notable adverse reactions, reducing their 
efficacy (46). Therefore, discovery of novel agents and then 
confirming their efficacy remain imperative for patients with 
PF. Therefore, in the present study, a BLM‑induced pulmonary 
mouse PF model was established, following which the efficacy 
of MWYF was assessed with the underlying mechanism of 
action investigated.

There are four types of collagens in lung tissues, where 
collagen I and collagen III are the most abundant  (47). 
Collagenous fibers are an aggregated form of collagen 
secreted by the fibroblasts (48). Collagen primarily contains 
HYP, an amino acid present in the body's collagenous 
fibre (49). Furthermore, HYP is an important indicator used 
for estimating the metabolism of collagenous tissues and the 
degree of pulmonary interstitial fibrosis (50). Intermolecular 
cross‑linking is an important post‑translational modification 
during collagen formation (50). Results from the present study 
demonstrated that a high dose MWYF decoction can reduce 
collagen I, collagen III, HYP and PYD expression, suggesting 
a protective role for the MWYF decoction in BLM‑induced 
PF in mice.

α‑SMA is a marker of myofibroblast activation  (51). 
The expression of α‑SMA in the cytoplasm allows cellular 
contractility, which is closely associated with tissue 
fibrosis  (51). In addition, the expression level of α‑SMA 
is positively associated with the degree of PF (52). ECM 
deposition is the primary cause of PF, where fibronectin is 
an important component (3). Excessive deposition of fibro‑
nectin can result in the formation of scars and acceleration 
of fibrosis. Vimentin is normally expressed in mesenchymal 
tissues, with little to no expression in epithelial cells (53). 
Therefore, vimentin can be used as a protein marker of 
fibroblasts. The expression of α‑SMA and vimentin in lung 
tissues was determined using immunofluorescence analysis 
in the present study. The immunofluorescence results 
indicated that the proportion of cells exhibiting positive 
α‑SMA and vimentin expression was significantly higher in 
the model group compared with that in the control group. 
When different concentrations of the MWYF decoction 
were administered, the proportion of α‑SMA‑ and vimentin-
positive cells was reduced to a certain degree, particularly in 
the high dose MWYF group.

The inflammatory response in the pulmonary alveoli 
is one of the primary causes of inflammatory cytokine 
release  (54). TNF‑α is a proinflammatory cytokine that 
can stimulate neutrophilic granulocytes and eosinophils to 

Figure 7. Effects of MWYF on the expression of TGF‑β1 and Smad3 in the pulmonary tissue of mice with BLM‑induced pulmonary fibrosis. (A) The 
expression of TGF‑β1 and Smad3 in the lung tissues were measured by western blotting. (B) Quantitative analysis of TGF‑β1 and Smad3 expression. Reverse 
transcription‑quantitative PCR was used to measure the relative expression of (C) Smad3 and (D) TGF‑β1. All data are expressed as mean ± SD (n=10). 
##P<0.001 and ###P<0.01 vs. Vehicle control group. *P<0.05, **P<0.01 and ***P<0.001 vs. Model group. MWYF, Maiwei Yangfei decoction; Vehicle control, 
normal group; Model, model group.
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produce superoxides and release lysosomal enzymes  (55). 
Furthermore, TNF‑α can accelerate the progression of 
fibrosis (55). IL‑6 is also a proinflammatory cytokine that 
can accelerate the early alveolytic response through the 
chemotaxis, infiltration and aggregation of inflammatory 
cells (56). IL‑17 is another proinflammatory cytokine that 
can activate various cytokines, fibroblasts, endothelial cells 
and epithelial cells to promote the formation of PF (57). In 
the present study, the PF mouse model used appeared to have 
mimicked the acute pulmonary injury model, as an inflamma‑
tory response was consistently observed throughout the entire 
modelling process. Therefore, although the lung tissues were 
collected 21 days after model construction, a compensatory 
inflammatory response remained. Results from the present 
study demonstrated that MWYF reduced the levels of TNF‑α, 
IL‑6 and IL‑17 in the BALF of mice with PF, suggesting that 
the MWYF decoction could delay the development of PF by 
inhibiting the inflammatory response.

TGF‑β1/Smad3 is considered to be a classical signalling 
pathway associated with PF (58). TGF‑β1 has been previ‑
ously shown to directly promote fibrosis (59). It promotes 
the proliferation, differentiation and secretion of interstitial 
cells, induces the differentiation of fibroblasts into myofi‑
broblasts, thereby increasing the deposition of ECM (60). 
Therefore, it is considered to be an inducer and promoter of 
fibrosis. Smad proteins belong to a family of unique intra‑
cellular signal transduction molecules that can interact with 
various transcription factors in cell‑specific patterns (61). 
This in turn modulates the transcription of target genes, 
such as collagen, to promote the formation of fibrosis (60). 
TGF‑β1 activation results in the phosphorylation of Smad3 
and its subsequent entry into the cell nuclei, which then 
activate the expression of a series of genes to promote the 
differentiation of fibroblasts into pulmonary fibroblasts that 
express contractile proteins, such α‑SMA (62). In the present 
study, the expression levels of TGF‑β1 and Smad3 were 
increased significantly after model construction. However, 
this was reversed after MWYF treatment, suggesting that 

MWFY likely alleviated BLM‑induced PF in mice via the 
TGF‑β1/Smad3 signalling pathway.

In conclusion, in vivo analysis of the effects of MWYF 
treatment was performed, where it was shown to be effective 
in alleviating the pathology in mice with BLM‑induced PF. 
This was mediated by reducing collagen deposition, high‑
lighting its potentially therapeutic and protective effects. The 
underlying mechanism of the effects of the MWYF decoction 
at least partially involved inhibition of the TGF‑β1/Smad3 
signalling pathway (Fig. 8). However, further study of the 
mechanisms underlying the modulation by MWYF treatment 
in PF is required. In addition, due to the diversity and vari‑
ability contained within MWYF, the results and conclusions 
observed in the present study require further verification to 
confirm the potential clinical value of MWYF.
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