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Abstract. Mycoplasma  pneumoniae (MP) is a common 
pathogen that can cause respiratory infections. MP pneumonia 
(MPP) leads to numerous complications, including lung 
injury and even death. The present study aimed to inves‑
tigate the protective effects of Baicalin treatment on MP 
infection‑induced lung injury and the molecular mechanism 
underlying these effects. Briefly, after mice were infected 
intranasally by MP and treated with Baicalin (80 mg/kg), 
serum levels of MP‑immunoglobulin M (IgM) were detected 
by ELISA. The expression levels of C‑reactive protein (CRP) 
in lung tissue were detected by immunohistochemistry and 
the bronchoalveolar lavage fluid (BALF) was examined by 
ELISA. Inflammatory factors and inflammatory cells in the 
BALF were assessed. The expression levels of microRNA 
(miR)‑221 in lung tissue were examined by reverse transcrip‑
tion‑quantitative PCR and pathological changes in lung tissue 
were detected by H&E staining. Cell apoptosis was evaluated 
by TUNEL assay and the protein expression levels of TLR4, 
MyD88 and NF‑κB were detected by western blotting. Baicalin 
treatment significantly reduced serum levels of MP‑IgM and 
CRP expression in lung tissue during MP infection. In addition, 
Baicalin decreased the levels of IL‑1β, IL‑6, IL‑18 and TNF‑α 
in the BALF, and the number of inflammatory cells. Baicalin 
also reduced the inflammatory infiltration in lung tissue 
induced by MP infection, improved the pathological changes 
detected in lung tissue, reduced apoptosis, and downregulated 
the protein expression levels of TLR4, MyD88 and NF‑κB. 
Furthermore, Baicalin treatment downregulated the expres‑
sion of miR‑221 and the protective effects of Baicalin were 
attenuated by miR‑221 overexpression. In conclusion, Baicalin 

has a therapeutic effect on mice with MP infection‑induced 
lung injury, which may be related to inhibition of miR‑221 
expression and regulation of the TLR4/NF‑κB signaling 
pathway.

Introduction

Acute respiratory tract infections (ARIs) are common and 
frequently‑occurring diseases in childhood. Pneumonia 
is responsible for 260,000 deaths in children each year in 
China (1). Mycoplasma pneumoniae (MP) is one of the main 
pathogens associated with ARIs in children. Notably, ~40% 
of patients with community‑acquired pneumonia are infected 
with MP and ~18% patients require hospitalization  (2). 
MP is the most common pathogen responsible for atypical 
pneumonia in children, and the infection rate increases with 
age. The detection rate of MP in children >6 years old is as 
high as 62% (3).

Most patients with MP pneumonia (MPP) recover after 
treatment with macrolides or tetracycline (4); however, due 
to the increasing use of antibiotics in recent years, resistant 
strains of MP have emerged and the number of clinically 
refractory MPP cases have been increasing annually (5,6). 
Refractory MPP often causes a variety of complications that 
can involve multiple organs and systems, such as atelectasis, 
lung necrosis, encephalitis, loss of red blood cells and even 
death (7). Therefore, the search for effective treatments for 
MPP, particularly those that reduce lung injury and other 
complications, has become the focus of research in numerous 
countries. As a result, the Chinese medical treatment for MPP 
has received more attention.

Baicalin (C21H18O11; Fig. 1A) is a flavonoid extracted from the 
dried roots of Scutellaria baicalensis Georgi. Pharmacological 
studies have demonstrated that Baicalin has a variety of 
therapeutic effects, including antibacterial, anti‑inflammatory, 
anti‑allergic, diuretic, cholesterol‑lowering and antithrombotic 
activities (8‑10). It is clinically used for the treatment of acute 
and chronic persistent hepatitis, and chronic active hepatitis, 
and can also be used for the treatment of nephritis, pyelone‑
phritis and allergic diseases (11‑13). Baicalin has been shown 
to regulate the SDF‑1/CXCR4 signaling pathway to inhibit 
hypoxia‑induced proliferation and migration of pulmonary 
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artery smooth muscle cells (14). Baicalin has also been shown 
to exert anti‑airway inflammation and resistance in a rat model 
of chronic obstructive pulmonary disease (15). In addition, 
Baicalin may exert a protective effect on acute lung injury 
caused by severe burns (16), thus suggesting that Baicalin has 
a significant protective effect on lung tissue. However, there is 
little known about the potential protective effects of Baicalin 
on lung injury caused by MP infection.

Although the pathogenesis of MPP is not fully understood, 
it is characterized by disruption to respiratory epithelial 
adsorption, immunological pathogenesis and MP invasion (17). 
At present, immunological pathology has garnered much 
attention (18). There are common antigenic components in 
cell membranes of the body and the cell membrane glycolipid 
antigen of MP (19). After MP infection, the inflammatory 
response produced by macrophages, neutrophils and lympho‑
cytes infiltrating around the alveolar and bronchial vessels 
is the pathological feature of MPP autoimmunity (20). After 
MP invades the respiratory tract, it produces a complex 
autoimmune response. Neutrophils rapidly move to the site of 
infection and become activated, and excessive inflammatory 
reactions are induced by the production of various specific 
proteases. Inflammatory factors, such as IL‑1β, IL‑6, IL‑18 
and TNF‑α, are released, causing immunological damage 
to lung tissue, which in turn can induce damage to multiple 
organs and systems outside the lungs (21,22).

MicroRNAs (miRNAs/miRs) are a class of non‑coding 
RNAs that consist of 18‑24 nucleotides, which can inhibit the 
expression of target mRNA, and participate in cell prolifera‑
tion, differentiation and apoptosis (23). Previous studies have 
revealed that miRNAs serve important regulatory roles in 
immune inflammatory processes; in particular, miR‑155, 
miR‑146a, miR‑221 and miR‑192 have been suggested to be 
involved in the development and progression of numerous 
inflammatory diseases (24‑26).

TLRs are pattern recognition receptors that initiate innate 
and acquired immunity (27). TLR2 recognizes mycoplasma 
lipoproteins, whereas TLR5 and TLR6 recognize the bis‑acyl 
lipopeptides of Mycoplasma. TLRs are closely related to 
the pathogenesis of MPP  (28,29). Shimizu  (30) reported 
that lung inflammation was more serious in TLR2‑knockout 
mice compared with that in wild type mice infected with 
MPP; this previous study also demonstrated that the inflam‑
matory response was related to TLR4 and autophagy. TLR4 
could promote the sensitivity of the body to the endotoxin 
inducing the release of inflammatory factors and stimulating 
the immune response, indicating that TLR4 may have an 
important role in the pathogenesis of MP. It has been reported 
that mice overexpressing TLR4 and TLR2 genes are easily 
infected by chlamydia bacteria (31). Gram‑positive cocci can 
synergistically interact with TLR2, upregulate TLR4 protein 
expression, activate the TLR4 signaling pathway and release 
the inflammatory factor IL‑6, which can mediate inflammation 
by regulating NF‑κB signaling pathways (32,33).

Collectively, these findings suggested that miRNAs 
and TLRs have a critical role in the inflammatory response 
caused by MPP. The present study aimed to investigate the 
potential protective effects of Baicalin treatment on MP 
infection‑induced lung injury and its molecular mechanism. 
The present study prepared a mouse model of MPP injury, 

and studied the relationship between miR‑221 and the 
TLR4/NF‑κB signaling pathway.

Materials and methods

Drug preparation and MP cultivation. Baicalin (molecular 
weight, 446.36; purity, >95.4%; batch no.  110715‑201821; 
Fig. 1A) and azithromycin (batch no. 130609‑201706) were 
purchased from National Institutes for Food and Drug Control 
in China. Baicalin and azithromycin were dissolved in ddH2O, 
prepared as a 1 mg/ml solution and stored at 4˚C. Standard 
MP FH (ATCC 15531) was purchased from American Type 
Culture Collection, was dissolved in complete PPLO broth 
medium (BD Biosciences), mixed thoroughly and incubated 
at 37˚C. MP in the logarithmic growth phase was quantified 
by color change unit (CCU) and was adjusted to the required 
concentration using DMEM containing 10% fetal bovine 
serum (both from Gibco; Thermo Fisher Scientific, Inc.) (34).

Animal grouping and preparation of MPP model mice. Female 
BALB/C mice (age, 4‑6 weeks; weight, 15±1 g) were purchased 
from Beijing Vital River Laboratory Animal Technology 
Co., Ltd., and bred and housed at the animal center at China 
Medical University. Mice were housed at 21˚C, 55% humidity, 
under a 12‑h light/dark cycle with free access to food and water. 
Mice were randomly divided into the following seven groups 
(n=10/group): Control group, MPP model group, Baicalin 
group, azithromycin group, miR‑221 mimic group, miR‑221 
negative control group and Baicalin + miR‑221 mimic group. 
Mice were housed and maintained in cages containing five 
mice/cage. To induce MP infection, each mouse was anesthe‑
tized by intraperitoneal injection of 40 mg/kg pentobarbital 
(Nembutal; Sumitomo Dainippon Pharma Co., Ltd.) (35). Once 
anesthetized, the mice in the control group were treated with 
saline. The mice in all other groups were intranasally inocu‑
lated with 50 µl MP solution containing 1x1010 CCU/l. This 
procedure was performed once a day for 3 consecutive days 
to prepare an MPP model (36). After the last MP inoculation, 
mice in the treatment groups were intragastrically injected with 
80 mg/kg Baicalin or 22.5 mg/kg azithromycin. Mice in the 
MPP model group and the control group were intraperitoneally 
injected with the same amount of saline. Mice in the miR‑221 
mimic group, miR‑221 negative control group and Baicalin + 
miR‑221 mimic group received 100 µl miR‑221 mimic lenti‑
virus or miR‑221 negative control lentivirus at concentration of 
1x108 TU/ml by intranasal infusion for 7 consecutive days (37). 
The miR‑221 mimic and negative control sequences are shown 
in Table  I. Lentiviruses containing miR‑221‑mimics and 
miR‑221‑negative control were constructed and synthesized by 
Shanghai GenePharma Co., Ltd.. Blood samples were collected 
by cardiac puncture into ETDA‑containing plasma separa‑
tion tubes (BD Biosciences) after anesthesia with 40 mg/kg 
sodium pentobarbital. Subsequently, mice were euthanized 
with 120 mg/kg sodium pentobarbital (intraperitoneal) and 
necropsied immediately. The bronchoalveolar lavage fluid 
(BALF) and lung tissues of mice were collected and stored 
at ‑80˚C for further experiments. The animal experiments 
were approved by the Institutional Animal Care and Use 
Committee (IACUC) of China Medical University (IACUC 
no. CMU2018309; Shenyang, China).
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ELISA of serum levels of MP‑immunoglobulin (Ig)M and 
C‑reactive protein (CRP). The serum levels of MP‑IgM 
(cat. no. SEA543Mu; Wuhan USCN Business Co., Ltd.) and 
CRP (cat. no. SEA821Mu; Wuhan USCN Business Co., Ltd.) 
in mice were determined using ELISA kits, according to the 
manufacturers' instructions.

Detection of CRP expression in lung tissue by immuno
histochemistry. After mice were sacrificed, the left lung lobe 
was dissected and fixed with 4% paraformaldehyde at room 
temperature for 48 h, dehydrated, embedded in paraffin and 
then sliced into 5‑µm sections. The tissue sections were then 
placed in citrate buffer for antigen retrieval. After being boiled 
three times (5  min each), the sections were blocked with 
3% H2O2 and incubated for 10 min to eliminate the internal 
peroxidase activity at room temperature. CRP primary anti‑
body (1:500; cat. no.  ab211631; Abcam) was added to the 
sections for 2 h at room temperature and the sections were 
then incubated with an HRP‑labeled secondary antibody 
(1:1,000; cat. no. sc‑2004; Santa Cruz Biotechnology, Inc.) for 
1 h at room temperature. The sections were exposed to DAB 
in the dark for 6 min and counterstained with hematoxylin 
for 10 min at room temperature, then dehydrated and sealed 
by neutral gum. Eight randomly selected sections from mice 
in each group were assessed. The expression of CRP in the 
lung tissue was observed under a light microscope. The optical 
density values were analyzed and measured using Image‑Pro 
Plus 6.0 software (Media Cybernetics, Inc.).

ELISA assay for IL‑1β, IL‑6, IL‑18 and TNF‑α in BALF. Mice 
were euthanized, the thoracic cavity was opened, and the 
right main bronchus was ligated at the left and right bronchial 
bifurcations. Pre‑cooled PBS was used to perform bronchoal‑
veolar lavage of the right lung three times; each time, 0.4 ml 
BALF was recovered. The BALF was transferred to a tube, 
centrifuged at 1,800 x g at 4˚C for 15 min and the supernatant 
was collected. The levels of inflammatory factors, IL‑1β (cat. 
no. MLB00C), IL‑6 (cat. no. M6000B), IL‑18 (cat. no. 7625) 
and TNF‑α (cat. no. MTA00B), in the BALF were detected by 
ELISA according to manufacturer's protocols. The ELISA kits 
were purchased from R&D Systems, Inc.. The concentration 
of Protein in the BALF was measured using the BCA method 
(Bio‑Rad Laboratories, Inc.).

Lung wet‑to‑dry weight ratio. After mice were euthanized, the 
trachea and esophagus were separated from the lungs by blunt 
dissection, and the left lung was weighed (wet weight). The 
lung was flushed with PBS before incubation at 65˚C for 48 h. 
The dry weight of the ventricle was measured and the ratio of 
wet‑to‑dry weight was calculated.

Quantitative detection of inflammatory cells in BALF. Cells 
in the BALF were suspended in 1 ml PBS and mixed with 
0.4% trypan blue stain in a 1:1 ratio. After mixing, 10 µl buffer 
was applied to the chamber slide, and the slide was inserted 
into an automatic cell counter. The total cell count was 
performed. The cell precipitation was resuspended to prepare 
a smear for staining. Inflammatory cells including eosinophils, 
neutrophils, lymphocytes and macrophages in the BALF were 
counted using Wright‑Giemsa‑staining. Briefly, slides were 

stained by fixing for 2 min with a one‑step methanol‑based 
Wright‑Giemsa stain. Following that, the slides were stained 
in Diff‑Quik I solution for 5‑10 sec and taken out immedi‑
ately. The slides were then stained in Diff‑Quik II solution 
for 10‑20 sec and taken out immediately at room temperature, 
according to the instructions of the Diff‑Quik whole blood 
stain kit (Baxter Scientific). A total of 200‑300 cells from 
each sample were then counted from a randomly chosen field 
using an automatic cell counter. The percentage of a leukocyte 
subset was multiplied by the total number of leukocytes to give 
the absolute number of the specific leukocyte subset.

Reverse transcription‑quantitative PCR (RT‑qPCR) for 
detection of miR‑221 in lung tissue. Total RNA was extracted 
from lung tissue using TRIzol® (Invitrogen; Thermo Fisher 
Scientific, Inc.). Briefly, a 100 mg sample was added to 1 ml 
TRIzol and homogenized. Subsequently, cDNA was synthe‑
sized according to the PrimeScript RT reagent kit instructions 
(Takara Bio, Inc.). cDNA (2 µl) was used as a template and 
amplification was carried out according to the RT‑qPCR 
kit instructions (Invitrogen; Thermo Fisher Scientific, Inc.). 
Primer sequences are shown in Table II. The relative changes 
in mRNA expression levels were calculated using the 2−ΔΔCq 
Method  (38). The reaction conditions were as follows: 
Pre‑denaturation at 95˚C for 5 min, followed by 30 cycles at 
94˚C for 30 sec, 55˚C for 30 sec and 72˚C for 60 sec, and a final 
extension step at 72˚C for 1 min.

H&E staining. The lung tissue slices were dried in a constant 
temperature oven at 40˚C. The slices were dewaxed with 
xylene, hydrated with a gradient of ethanol solutions and 
rinsed with distilled water for 1 min. Subsequently, the tissues 
were stained with Harris hematoxylin at 60˚C for 5  min, 
washed with Harris hematoxylin for 5‑10 sec, washed with 
water for 5‑10 sec, rinsed with 1% ammonia for 5‑10 sec and 
then rinsed with water for 15‑30 sec. The tissues were then 
counterstained with eosin for 30‑60 sec, and observed under a 
light microscope to verify changes of color. The tissues were 
rinsed with ddH2O for 5‑10 sec and dehydrated with a gradient 
of ethanol solutions: 80% ethanol for 1‑2 sec, 95% ethanol for 
1‑2 sec, 100% ethanol for 1‑2 sec. Subsequently, the slices were 
soaked in xylene for 2‑3 sec, then dried before being sealed 
with neutral gum. The slices were then observed and scored 
under a light microscope. The score for substantial pneumonia 
was based on the degree of neutrophil alveolar infiltration (39), 
as follows: 0 points, no inflammatory cells around the bronchi; 
1 point, scattered small inflammatory cells observed around 
the bronchi; 2 points, inflammation was a cell layer thick; 

Table I. Sequences of miR‑221 mimics and negative control.

Name	 Sequence (5'‑3')

miR‑221 mimics	 AGCUACAUUGUCUGCUGGGUUUC
miR‑221 negative	 UUCUCCGAACGUGUCACGUTT
control	

miR‑221, microRNA‑221.
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3 points, inflammation was between two and four cell layers 
thick around the trachea; 4 points, inflammation was four cell 
layers thick around the trachea.

TUNEL assay. Apoptosis of lung tissue was detected using 
the TUNEL assay with an Apoptosis Assay kit (Roche 
Diagnostics GmbH). The lung tissue slices were naturally 
dried, dewaxed with xylene and dehydrated with a gradient 
of alcohol solutions. The tissues were then added to 50 µl TdT 
enzyme reaction solution and incubated at 37˚C for 60 min in 
the dark, then washed with PBS. Subsequently, tissue slices 
were added to 50 µl Streptavidin‑TRITC labeling solution 
and incubated in a wet box at 37˚C for 30 min. After washing 
with PBS, tissues were counterstained with DAPI solution, 
incubated for 15 min, sealed with mounting medium and 
observed under a fluorescence microscope (Olympus IX71; 
Olympus Corporation). TUNEL‑positive cells in the images 
were counted using ImageJ software (version 6.0; National 
Institutes of Health).

Western blot analysis. The lung tissue of mice was collected 
and digested by pre‑cooled tissue protein RIPA lysis buffer 
(Beyotime Institute of Biotechnology). The protein content 
in the sample was determined by a BCA kit after being 
denatured in boiling water. Proteins (~30  µg/lane) were 
separated by SDS‑polyacrylamide gel electrophoresis on 
10% gels, then transferred to PVDF membranes and blocked 
in 5% skim milk/TBS‑0.1% Tween (TBST) solution for 
1 h at room temperature. The membranes were then incu‑
bated with the following primary antibodies: Anti‑TLR4 
(1:1,000; cat. no. ab13556; Abcam), anti‑MyD88 (1:1,000; cat. 
no. ab219413; Abcam), anti‑NF‑κB (1:1,000; cat. no. 8242; 
Cell Signaling Technology, Inc.) and anti‑GAPDH (1:1,000; 
cat. no.  ab9485; Abcam) overnight at 4˚C. After washing 
with TBST three times, HRP‑labeled secondary antibody 
(1:1,000; cat. no. ab7090; Abcam) was added to the membranes 
for 1 h at room temperature, then washed with PBS. ECL 
(GE Healthcare) was used to visualize the blots and images 
were captured using an ImageQuant gel imaging system 
(GE Healthcare Bio‑Sciences). The optical density ratio 
of the target band was then calculated by ImageJ software 
(version 6.0; National Institutes of Health). GAPDH was used 
as the loading control.

Statistical analysis. All experiments were performed with 
at least three independent replicates. Statistical analysis 
was performed using SPSS 18.0 software (SPSS, Inc.). The 

experimental results are presented as the mean ± SD and were 
analyzed using one‑way ANOVA followed by Tukey post 
hoc test. Moreover, the inflammation score results, presented 
as median and range, were analyzed by Kruskal‑Wallis 
test followed by post hoc Tukey‑Kramer test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Baicalin reduces serum MP‑IgM levels and the expression 
levels of CRP in lung tissue. To evaluate the effect of Baicalin 
on acquired immunity, the serum levels of MP‑IgM in MPP 
model mice were detected. MP‑IgM is the earliest specific 
antibody associated with MP infection, which can be detected 
as early as 1 week after exposure (40). The results revealed 
that the serum levels of MP‑IgM in the MP model group were 
significantly increased compared with those in the control 
group. Furthermore, Baicalin or azithromycin treatment 
significantly reduced the serum levels of MP‑IgM in MPP 
model mice (Fig. 1B). Additionally, Baicalin or azithromycin 
treatment decreased the wet‑to‑dry ratio of the lungs compared 
with that in the MPP model group (Fig. 1C). Moreover, BALF 
concentration was reduced under Baicalin or azithromycin 
treatment compared with in the MPP model group (Fig. 1D). 
CRP has been reported to bind with leukocytes and lymphocyte 
receptors, promoting leukocyte migration and phagocytosis, 
thus participating in the T lymphocyte‑mediated immune 
response; CRP has also been suggested as an indicator for 
evaluating MP (41). The present results revealed that Baicalin 
or azithromycin treatment significantly decreased the levels of 
CRP in serum (Fig. 1E) and in lung tissue (Fig. 1F) compared 
with those in the MPP model mice.

Baicalin inhibits inflammatory response in BALF in MPP 
model mice. Inflammatory cell infiltration around the alveolar 
and bronchial vessels, which can cause an inflammatory 
response, is an important pathological feature of MPP autoim‑
munity (21). As MP infection develops, inflammatory factors, 
including IL‑1, IL‑2, IL‑5, IL‑6, IL‑8, IL‑12, IL‑18, TNF‑α 
and IFN‑γ, and anti‑inflammatory factors, such as IL‑4, IL‑10 
and TNF‑β, have been shown to be produced (42). In addition, 
ILs are related to the pathogenesis of MPP (43). The present 
study demonstrated that the levels of inflammatory factors, 
IL‑1β, IL‑6, IL‑18 and TNF‑α, in the BALF of the MPP model 
group were significantly higher compared with those in the 
control group, whereas Baicalin or azithromycin treatment 
significantly reduced the levels of inflammatory factors in the 

Table II. miR‑221 and U6 primer sequences.

Primer name	 Primer sequence (5'‑3')

miR‑221 upstream primer	 GGGAAGCTACATTGTCTGC
miR‑221 downstream primer	 CAGTGCGTGTCGTGGAGT
U6 upstream primer	 CTCGCTTCGTCGGCAGCACA
U6 downstream primer	 AACGCTTCACGAATTTGCGT

miR‑221, microRNA‑221.
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BALF of MPP model mice (Fig. 2A‑D). Moreover, Baicalin 
decreased the number of white blood cells, particularly 
eosinophils, neutrophils and macrophages in the BALF of 
MPP model mice (Fig. 2E).

Baicalin downregulates miR‑221 in the lung tissue of MPP 
model mice. miR‑221 was revealed to be highly expressed 
in the lung tissue of MPP model mice. Notably, miR‑221 
expression levels were significantly increased in the lung 
tissue of the MPP model group compared with those in 
the control group, whereas Baicalin could downregulate 
the expression levels of miR‑221 in the lung tissue of MPP 
model mice (Fig. 3). These data indicated that the therapeutic 
effect of Baicalin on MPP model mice may be related to 
downregulation of miR‑221.

Baicalin alleviates pathological lung damage in MPP model 
mice by regulating miR‑221. To further investigate the rela‑
tionship between Baicalin and miR‑221, mice were transfected 
with a miR‑221 lentivirus (miR‑221 mimic) (Fig. 4A) and then 
exposed to MP. The results demonstrated that miR‑221 mimics 
reversed the effects of Baicalin on downregulation of miR‑221 
(Fig. 4B). In addition, H&E staining showed that there were no 
obvious lesions in the bronchial, alveolar and blood vessels of 
the saline control group, and there was no obvious abnormality 
in the alveolar wall and no inflammatory cell infiltration in 
lung tissue. By contrast, mice in the MPP model group 
exhibited a looser alveolar structure, thickened alveolar wall 
edema and a large degree of inflammatory cell infiltration in 
lung tissue. In comparison, Baicalin or azithromycin markedly 

improved alveolar structure and wall thickening of lung tissue, 
and reduced inflammatory cell infiltration compared with in 
the MPP model group (Fig. 4C). However, the positive effects 
of Baicalin on the pathological damage to lung tissue was 
blocked by miR‑221 mimics. In addition, lung tissue damage 
was evaluated according to the inflammatory scoring criteria. 
Compared with those in the control group, the inflammatory 
infiltration scores of the mice in the MPP model group were 
significantly increased. Baicalin and azithromycin signifi‑
cantly reduced the inflammatory infiltration scores (Fig. 4D); 
however, when mice were transfected with miR‑221 mimics 
and treated with Baicalin, the inflammatory infiltration scores 
were significantly increased. These results indicated that 
Baicalin may reduce pathological lung damage by downregu‑
lating miR‑221.

Baicalin inhibits lung tissue apoptosis in MPP model mice 
by regulating miR‑221. To investigate the effects of Baicalin 
on apoptosis in the lung tissue of MPP model mice, lung 
tissue sections were stained with TUNEL. Compared with 
that in the control group, the number of TUNEL‑positive 
cells was significantly increased in the lung tissue of the 
MPP model group (Fig. 5A and B). Compared with that in 
the model group, the number of TUNEL‑positive cells in the 
Baicalin and azithromycin groups was significantly decreased 
(Fig. 5A and B). In addition, the inhibitory effect of Baicalin 
on lung tissue apoptosis was attenuated by miR‑221 mimics 
(Fig. 5A and B). These results indicated that Baicalin may 
inhibit the apoptosis of lung tissue cells in MPP model mice 
by downregulating miR‑221.

Figure 1. Baicalin reduces serum levels of MP‑IgM and levels of CRP in lung tissue and serum. (A) Baicalin structure. (B) Serum levels of MP‑IgM were 
detected by ELISA. (C) Lung wet‑to‑dry ratio. (D) Protein concentration in the BALF. (E) Serum levels of CRP were detected by ELISA. (F) Protein 
expression levels of CRP in mouse lung tissue were detected by immunohistochemistry (scale bar, 50 µm) and the results of immunohistochemistry were 
semi‑quantified. *P<0.05 vs. Control group; #P<0.05 vs. Model group. BALF, bronchoalveolar lavage fluid; CRP, C‑reactive protein; IgM, immunoglobulin M; 
MP, Mycoplasma pneumoniae.
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Baicalin inhibits the TLR4/NF‑κB signaling pathway via 
regulating miR‑221. miR‑221 has been reported to serve an 
important role in lung epithelial‑mesenchymal transition, 
which is the main cause of pulmonary fibrosis (44). Notably, 

miR‑221 has been demonstrated to be upregulated in the 
airway smooth muscle cells of patients with asthma  (45). 
Furthermore, miR‑221 has been reported to increase the 
secretion of the inflammatory factor IL‑6, which suggests that 
an association exists between miR‑221 and the respiratory 
inflammatory response (46). miR‑221 has also been reported 
to regulate the TLR4/NF‑κB signaling pathway, which has 
an important regulatory role in MPP (47,48). Based on these 
previous studies, the present study further explored whether 
Baicalin could inhibit lung injury in MPP model mice by 
downregulating miR‑221 and inhibiting the activity of the 
TLR4/NF‑κB signaling pathway. The results revealed that the 
protein expression levels of TLR4, MyD88 and NF‑κB were 
significantly increased in the lung tissue of the MPP model 
group. Conversely, Baicalin inhibited the expression levels 
of TLR4, MyD88 and NF‑κB in the lung tissue compared 
with those in the MPP model group (Fig. 6). Notably, the 
inhibition of these proteins was blocked by miR‑221 mimics, 
suggesting that Baicalin may reduce lung tissue damage via 
the miR‑221/TLR4/NF‑κB axis in MPP model mice.

Discussion

Baicalin is an effective traditional Chinese medicine that 
utilizes an ingredient extracted from Scutellaria baicalensis 
Georgi. Baicalin has been reported to inhibit the growth of 
breast cancer and induce apoptosis of pancreatic cancer 
cells  (49,50). Baicalin has also been suggested to exert an 
anti‑apoptosis and anti‑inflammatory effect by inhibiting 

Figure 3. Baicalin downregulates miR‑221 in the lung tissue of 
Mycoplasma pneumoniae pneumonia model mice. Relative expression levels 
of miR‑221 in the lung tissue of each group were detected by reverse tran‑
scription‑quantitative PCR. *P<0.05 vs. Control group; #P<0.05 vs. Model 
group. miR‑221, microRNA‑221.

Figure 2. Baicalin inhibits inflammatory response in the BALF of Mycoplasma pneumoniae pneumonia model mice. Levels of (A) IL‑1β, (B) IL‑6, (C) IL‑18 
and (D) TNF‑α in the BALF were detected by ELISA. (E) Total number of white blood cells, including eosinophils, neutrophils and macrophages, in the BALF. 
*P<0.05 vs. Control group; #P<0.05 vs. Model group. BALF, bronchoalveolar lavage fluid.
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the expression of the inflammation‑associated gene COX‑2, 
thereby reducing c‑Jun expression and AP‑1 activation in 
A549 cells (51). Baicalin may also inhibit vascular permea‑
bility, cellular adhesion molecule expression and adhesion, and 
leukocyte migration, when used as systemic therapy for endo‑
toxin‑induced vascular inflammatory diseases (52). Moreover, 
Baicalin has been reported to downregulate the expression 
of MP adhesion protein P1 and upregulate epidermal growth 
factor to promote the repair of lung epithelial cells (53). Taken 
together, these findings indicated that Baicalin may have 
potential therapeutic value in respiratory and immunoinflam‑
matory diseases (54). Therefore, the present study investigated 
the therapeutic effect of Baicalin on a mouse model of MPP 
and assessed its molecular mechanism.

MPP is a common respiratory disease in children and the 
global incidence of MMP has been increasing annually (43,55). 
MP is a prokaryotic microbial organism, and is the smallest 
and simplest independent pathogenic microorganism. As MP 
lacks a cell wall, it is an extracellular pathogen that adheres to 
the mucosal surface of the respiratory tract and genitals. After 
invading the human body, MP fuses with host cell membranes 
to induce immune responses (56,57). In addition to causing 
respiratory diseases, MP also causes numerous other diseases, 

such as myocarditis, nephritis and encephalitis, and can be 
fatal (58). Due to the lack of a cell wall, several antibiotics, 
including penicillin, cannot inhibit MP (55). Although macro‑
lide antibiotics have anti‑inflammatory properties and strong 
antibacterial activity when used to treat MP infection, repeated 
treatment with azithromycin can lead to adverse reactions 
associated with clinical treatment failure, including toxicity, 
side effects and drug resistance (59). Therefore, it is important 
to investigate safe and effective treatments for MPP.

It has been reported that various Igs and complements 
serve a role in Mycoplasma infection. IgM is the main Ig 
produced in the early stage of human immune response, which 
is an indicator for MP infection  (40). The present results 
revealed that serum MP‑IgM levels were significantly lower 
in the Baicalin‑treated mice compared with those in the MPP 
model group, indicating that Baicalin significantly inhibited 
MP growth. CRP is an acute phase reaction protein, and is 
an abnormal protein synthesized by the liver in the early 
stages of infectious diseases caused by microbial invasion 
or tissue damage (60). CRP detection is a classic test used to 
identify bacterial and non‑bacterial infections (61); however, 
whether the expression of CRP can be used as a diagnostic 
indicator of MPP is still not clear. The results of the present 

Figure 4. Baicalin can alleviate pathological lung damage in Mycoplasma pneumoniae pneumonia model mice by regulating miR‑221. (A) To further inves‑
tigate the relationship between Baicalin and miR‑221, mice were transfected with miR‑221 mimics, and the expression of miR‑221 in lung tissue after 
transfection was confirmed to be upregulated by RT‑qPCR. (B) RT‑qPCR was used to detect the expression levels of miR‑221 in different groups. (C) H&E 
staining (scale bar, 50 µm). (D) Inflammatory infiltration score. *P<0.05 vs. Control group; #P<0.05 vs. Model group; $P<0.05 vs. Baicalin group; &P<0.05 
vs. miR‑221 mimics group. miR‑221, microRNA‑221; ns, not significant; RT‑qPCR, reverse transcription‑quantitative PCR.
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study demonstrated that the expression levels of CRP in the 
lung tissue of the model group were significantly increased 
after MP infection. On the other hand, Baicalin significantly 
reduced the expression levels of CRP in MP‑infected lung 
tissue.

The production of CRP is mainly regulated by inflamma‑
tory factors, such as IL‑6 and TNF‑α, and these inflammatory 
factors serve an important role in mediating inflammation and 
immune regulation (62). It has previously been demonstrated 
that the expression of these inflammatory factors may be 
significantly increased in MPP, and numerous inflammatory 
cells can infiltrate around the alveolar and bronchial vessels. 
Furthermore, the strength of these inflammatory reactions 
may be related to various autoimmune and inflammatory 
diseases (63).

Inflammatory factors produced by MP infection may 
activate caspase‑9 through signaling pathways, such as 
Janus kinase/signal transducer and transcriptional activa‑
tors, releasing more apoptosis‑inducing factors and finally 
activating caspase‑3. Activation of the caspase cascade causes 
DNA fragmentation and chromatin aggregation, leading to 
irreversible cell apoptosis (64). Therefore, the present study 
analyzed the levels of inflammatory factors and the number 
of inflammatory cells in the BALF of MPP mice treated 
with or without Baicalin. The results demonstrated that 

Figure 6. Baicalin inhibits the TLR4/NF‑κB signaling pathway by regulating 
miR‑221. (A) Expression levels of TLR4/NF‑κB signaling pathway‑related 
proteins, TLR4, MyD88 and NF‑κB, were detected by western blotting. 
(B) Semi‑quantitative results of western blotting. *P<0.05 vs. Control group; 
#P<0.05 vs. Model group; $P<0.05 vs. Baicalin group; &P<0.05 vs. miR‑221 
mimics group. miR‑221, microRNA‑221.

Figure 5. Baicalin inhibits apoptosis of cells in the lung tissue of Mycoplasma pneumoniae pneumonia model mice by regulating miR‑221. (A) TUNEL assay 
results (scale bar, 50 µm). (B) Semi‑quantitative results of the TUNEL assay. *P<0.05 vs. Control group; #P<0.05 vs. Model group; $P<0.05 vs. Baicalin group; 
&P<0.05 vs. miR‑221 mimics group. miR‑221, microRNA‑221.
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Baicalin reduced the number of eosinophils and neutrophils, 
and decreased the levels of IL‑1β, IL‑6, IL‑18 and TNF‑α in 
the BALF of MPP model mice. These results indicated that 
Baicalin may significantly alleviate infiltration of inflamma‑
tory cells and improve the inflammatory response.

TLRs are a key participant in innate and adaptive immune 
responses to pathogenic and non‑infectious tissue damage, and 
TLR‑related factors have been reported to serve an important 
role in the development of inflammation (65,66). Notably, TLR4 
and TLR9 have been shown to serve key roles in lung injury 
caused by various factors, such as lipopolysaccharide, hemor‑
rhage and ischemia‑reperfusion (67,68). TLR4 is an upstream 
factor of inflammatory response and a key factor in the innate 
immune response. MyD88 is an adaptor protein in TLR and 
an important downstream factor of TLR4 signaling. After 
TLR4 binds to a ligand that has crossed the cell membrane, 
it recruits the downstream adaptor molecule, MyD88, and 
ultimately activates NF‑κB. This subsequently induces 
transcription of pro‑inflammatory genes, including genes 
encoding cytokines (69‑72). The present study investigated the 
effect of Baicalin on the expression levels of miR‑221 and the 
TLR4/NF‑κB signaling pathway‑related proteins. The results 
revealed that miR‑221 was highly expressed in the MPP model 
group and was reduced in response to Baicalin treatment. 
Baicalin‑based inhibition of miR‑221 expression suggested that 
Baicalin may have a regulatory effect on miR‑221 expression. 
Therefore, it was hypothesized that Baicalin could alleviate 
lung injury and prevent apoptosis in MPP model mice, and 
regulate miR‑221 expression. Subsequently, the present study 
transfected miR‑221 mimics into MP mice, which had been 
treated with Baicalin. The results demonstrated that Baicalin 
significantly alleviated pathological damage to lung tissue, 
reduced the number of TUNEL‑positive cells in the lung tissue 
of MPP mice, and inhibited the expression levels of TLR4, 
MyD88 and NF‑κB. These effects of Baicalin were impaired 
or blocked by miR‑221 mimics.

In conclusion, Baicalin was able to reduce the serum levels 
of MP‑IgM and the expression levels of CRP in lung tissue, 
reduce the levels of inflammatory factors and the number of 
inflammatory cells in the BALF, and improve MP‑induced 
lung injury. In addition, Baicalin decreased inflammatory 
infiltration and pathological changes in mouse lung tissue, 
and reduced inflammation and apoptosis in the lung tissue. 
Notably, these protective properties may be achieved by 
inhibiting miR‑221 expression and targeting the TLR4/NF‑κB 
signaling pathway.
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