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Abstract. Baicalin exhibits antibacterial, anti‑viral, 
anti‑oxidative, antipyretic, analgesic, anti‑inflammatory and 
anti‑tumor properties. The chemical scavenges oxygen free 
radicals, protects the cardiovascular system and neurons, 
protects the liver, and has been used for the prevention 
and treatment of diabetes‑associated complications. The 
present study investigated the effect of baicalin on severe 
burn‑induced remote acute lung injury (ALI). The present 
study demonstrated that baicalin significantly decreased the 
lung wet‑to‑dry weight ratio, improved pulmonary histolog-
ical alterations and reduced the expression of high mobility 
group protein B1 in the rat model of ALI. In addition, 
treatment with baicalin decreased tumor necrosis factor‑α, 
interleukin (IL)‑8, IL‑1β and IL‑18 concentrations in the 
serum, reduced myeloperoxidase activity and malondialde-
hyde content, and increased the level of superoxide dismutase 
in the serum in treated model rats with ALI. As a result, 
baicalin significantly suppressed nucleotide‑binding oligo-
merization, NACHT, LRR and PYD domains‑containing 
protein 3 (NLRP3), caspase‑1, nuclear factor‑κB and matrix 
metalloproteinase‑9 protein expression in the rat model of 
ALI. The results of the present study suggested that baicalin 
may serve a protective role against ALI in rats through the 
NLRP3 signaling pathway.

Introduction

Acute lung injury (ALI) is a common respiratory in which 
the symptoms include an increase in pulmonary microvas-
cular permeability, and diffuse pulmonary interstitial and 
alveolar cavity edema caused by the infiltration of inflam-
matory cells (1). The primary clinical manifestations of ALI 
include acute respiratory distress, refractory hypoxemia and 
non‑cardiogenic pulmonary edema. ALI may progress into 
acute respiratory distress syndrome (ARDS) (2).

ALI and ARDS are the most common complications 
in patients with a large‑area deep burn, particularly when 
combined with an inhalation injury, shock and delayed 
resuscitation (3). ALI and ARDS cause body hypoxia, act on 
various organs and systems of the body, and cause necrosis 
and dysfunction of tissues, resulting in the development of 
multiple organ dysfunction syndrome and death. An American 
epidemiological survey demonstrated that, among patients 
with severe burns to >30% of the total body area, ARDS is 
the most common complication, with 26.7‑45% incidence and 
a 40‑60% mortality rate (4). ALI and ARDS are the principal 
diseases threatening the health of severely burned patients, 
and impose a heavy financial burden on individuals, families 
and society (2).

NACHT, LRR and PYD domains‑containing protein 3 
(NLRP3) inflammasomes may be activated by a range of exog-
enous and endogenous stimuli. Infection with Sendai virus, 
influenza virus, adenovirus, Saccharomyces  cerevisiae, 
Candida  albicans  and cer tain bacter ia, including 
Staphylococcus  aureus, Listeria  monocytogenes and 
Shigella  flexneri may induce the activation of the NLRP3 
inflammasome  (5,6). In certain cases, specific microbial 
components may trigger the activation of the NLRP3 
inflammasome to cause ALI (5,7).

Baicalin, additionally termed 5,6,7‑trihydroxyflavone 
(Fig.  1) or baiceli, belongs to a group of f lavonoids 
and is most readily synthesized by the plant species 
Scutellaria baicalensis (8). Baicalin is a glycoside compound 
synthesized by the combination of baicalein with a molecule 
of glucuronic acid, which are also synthesized in skullcap 
plants. When baicalein enters the body of an animal, it is 
rapidly transformed into baicalin and other metabolites in the 
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blood. Since the oral absorption of baicalin is challenging, 
it translocates into the blood via the intestinal tract, aided 
by enzymatic hydrolysis into baicalein, and is rapidly trans-
formed into baicalinin in vivo. Baicalein has been receiving 
an increased amount of attention from researchers due to its 
versatility  (9). In the present study, a possible mechanism 
underlying the neuroprotective effects of baicalin against ALI 
was investigated.

Materials and methods

Animals and experimental design. Healthy adult female 
Sprague‑Dawley rats (200‑230  g; 8‑10  weeks old) were 
acquired from Animal Experiment of Shandong University 
(Shandong, China) and fed a standard animal diet with food and 
tap water ad libitum and housed at 23‑25˚C, 55‑60% humidity 
under a 12 h light/dark cycle. Rats were acclimatized to their 
environment for at least 1 week prior to the experiment. A total 
of 30 rats were randomly allocated into one of three groups: 
i) The sham group (n=6); ii) the burn group (n=12); and iii) the 
burn + baicalin group (n=12). The rats in the burn + baicalin 
group were treated with 80 mg/kg of baicalin (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) for one week. The rats in 
sham group were treated with normal saline. The present study 
was approved by the Animal Ethical and Welfare Committee 
of 401 Hospital of People's Liberation Army (Qingdao, China).

Burn procedure. Rats were intraperitoneally anesthetized with 
sodium pentobarbital (30 mg/kg), shaved on the dorsal and 
lateral surfaces and secured on a constructed template device. 
Hot water (100‑95˚C) was poured on the dorsal surface of 
the rat skin for 10 sec to induce burns. Full‑thickness dermal 
burns averaged 30% of the total body surface area.

Lung wet weight to dry weight (W/D) ratio. The upper left 
parts of lungs were harvested following the sacrifice of rats 
under anesthesia. The lungs were weighed to record the wet 
weight and dried in an oven at 75˚C for 48 h to record the dry 
weight. The W/D ratio was calculated as dry/wet weight x100.

Western blotting analysis. Lung tissue samples were lysed 
using radioimmunoprecipitation (Beyotime Institute of 
Biotechnology, Haimen, China) assay lysis buffer at 4˚C for 
30 min and, following centrifugation at 12,000 x g for 10 min 
at 4˚C, the supernatant was collected and the protein concen-
tration determined using a bicinchoninic acid assay. A total 
of 50 µg total protein was incubated at 100˚C for 10 min and 
separated on an 8‑12% SDS‑PAGE gel, blotted onto a poly-
vinylidene fluoride membrane (EMD Millipore, Billerica, 
MA, USA), and probed overnight at 4˚C with anti‑NLRP3 
(1:500, sc‑66846; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA), caspase‑1 (1:500, sc‑622; Santa Cruz Biotechnology, 
Inc.), nuclear factor‑κB (NF‑κB, 1:500; sc‑109, Santa Cruz 
Biotechnology, Inc.) matrix metalloproteinase‑9 (MMP‑9, 
1:500, sc‑10737; Santa Cruz Biotechnology, Inc.) and GAPDH 
(1:2,000, sc‑25778; Santa Cruz Biotechnology, Inc.) antibodies 
following blocking with 5%‑non‑fat milk in TBST for 1 h 
at 37˚C. Subsequently, the membrane was incubated with 
an anti‑rabbit horseradish peroxidase‑conjugated secondary 
antibody (1:2,000, sc‑2030; Santa Cruz Biotechnology, Inc.) at 

37˚C for 1 h. The membrane was washed and detected using an 
electrochemiluminescence plus detection kit (GE Healthcare, 
Chicago, IL, USA) and analyzed using Image_Lab_3.0 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA).

Measurement of inflammation and oxidative stress. The serum 
concentrations of tumor necrosis factor‑α (TNF‑α, H052), 
interleukin (IL)‑8 (H008), ‑1β (H002), ‑18 (H015), myelo-
peroxidase (MPO, A044), malondialdehyde (MDA, A003‑1) 
and superoxide dismutase (SOD, A001‑1‑1) were measured 
using ELISA kits for rats (Nanjing Jiangcheng Bioengineering 
Institute, Nanjing China), according to the manufacturer's 
protocols.

Statistical analysis. All data are expressed as the 
mean ± standard error of the mean. Differences between two 
groups were analyzed using the Student's t‑test, and between 
more than two groups by one‑way analysis of variance followed 
by a Tukey post‑hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Effects of baicalin on ALI. To identify the effects of baicalin on 
burn‑induced remote ALI, lung W/D ratio and the pulmonary 
histological alterations were measured in the present study. 
The lung W/D ratio and pulmonary histological alterations 
in burn‑induced remote ALI model were increased compared 
with the sham group (Fig.  2). Treatment with baicalin 
significantly decreased the lung W/D ratio and improved the 
pulmonary histological alterations compared with the burn 
group (Fig. 2).

Effects of baicalin on high mobility group protein B1 
(HMGB1) and NLRP3 expression in ALI. The present study 
evaluated the effects of baicalin on burn‑induced remote ALI. 
HMGB1 protein expression was measured using western 
blot analysis. As presented in Fig. 3, there was a significant 
increase in HMGB1, NLRP3 and caspase‑1 protein expres-
sion in the burn‑induced remote ALI model, compared 
with the sham group. Treatment with baicalin significantly 
suppressed HMGB1, NLRP3 and caspase‑1 protein expression 
in burn‑induced remote ALI rats (Fig. 3).

Effects of baicalin on inflammation in ALI. Inflammatory 
mediators serve an important role in burn‑induced remote 
ALI. As demonstrated in Fig. 4, TNF‑α IL‑8, ‑1β and ‑ 18 

Figure 1. Structural formula of baicalin.
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concentrations in the serum of the burn group were signifi-
cantly increased compared with the sham group. The increased 
concentrations of TNF‑α, IL‑8, ‑1β and ‑18 in the serum of the 
burn group were significantly decreased in the burn + baicalin 
group (Fig. 4).

Effects of baicalin on the activity of MPO and oxidative stress 
in ALI. In the burn‑induced remote ALI model, MPO activity 
and MDA content were increased, and SOD expression was 
decreased, compared with the sham group (Fig. 5). By contrast, 
treatment with baicalin reduced MPO activity and MDA content, 

Figure 2. Effects of baicalin on ALI. The effects of baicalin on (A) the lung W/D ratio and (B) pulmonary histological alterations in ALI. ##P<0.05 vs. the sham 
group; **P<0.05 vs. the burn group. Burn, burn‑induced remote acute lung injury group; Burn + baicalin, burn‑induced remote acute lung injury treated with 
baicalin. ALI, acute lung injury; W/D, wet/dry weight.

Figure 3. Effects of baicalin on HMGB1 and NLRP3 inflammasome expression in ALI. The effects of baicalin on the expression of HMGB1 using (A) western 
blot analysis and statistical analysis of (B) HMGB1, (C) NLRP3 and (D) caspase‑1 expression in ALI. ##P<0.05 vs. the sham group; **P<0.05 vs. the burn group. 
Burn, burn‑induced remote acute lung injury group; Burn + baicalin, burn‑induced remote acute lung injury treated with baicalin. ALI, acute lung injury; 
HMGB1, high mobility group protein B1; NLRP3, NACHT, LRR and PYD domains‑containing protein 3.

Figure 4. Effects of baicalin on inflammation in ALI. The effects of baicalin on (A) TNF‑α, (B) IL‑1β, (C) IL‑8, and (D) IL‑18 abundance in serum. ##P<0.05 
vs. the sham group; **P<0.05 vs. the burn group. Burn, burn‑induced remote acute lung injury group; Burn + baicalin, burn‑induced remote acute lung injury 
treated with baicalin. ALI, acute lung injury, TNF‑α, tumor necrosis factor‑α; IL, interleukin.
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and the increased SOD level in serum in the treated ALI model 
group, compared with the untreated burn group (Fig. 5).

Effects of baicalin on NF‑κB and MMP‑9 protein expression 
in ALI. The effects of Baicalin on the regulation NF‑κB and 
MMP‑9 protein expression in ALI were investigated. NF‑κB and 
MMP‑9 protein expression in the burn group were significantly 
increased compared with the sham group (Fig. 6). Treatment 
with baicalin significantly suppressed the expression of NF‑κB 
and MMP‑9 in the burn + baicalin group (Fig. 6).

Discussion

ALI is caused by a variety of non‑cardiogenic pulmonary 
and extrinsic factors, including severe infection, burns, shock, 
trauma, disseminated intravascular coagulation, aspiration 
and other primary diseases (10). In the case of multiple organ 
injuries, ALI develops earliest and its incidence is greatest, 

making ALI the most common complication of severe burns 
and delayed resuscitation (1). ALI causes hypoxia and leads 
to organ damage and dysfunction of distant burn sites, which 
is one of the leading causes of premature death in patients 
with burns (11). In the present study, baicalin significantly 
reduced the lung W/D ratio, improved pulmonary histological 
alterations and suppressed HMGB1 protein expression in 
burn‑induced remote ALI.

A recent study confirmed that the principal pathological 
feature of ALI is the formation of protein‑rich pulmonary 
edema and a transparent membrane in the alveolar exudate, 
caused by an increase in pulmonary capillary permeability, 
in addition to diffuse alveolar capillary injury caused by 
uncontrolled inflammation  (12). Various causes of injury 
that lead to the development of ALI stimulate the binding 
of cell surface receptors by their ligands, triggering signal 
transduction pathways. The signaling pathways ultimately 
reach the cell nucleus and stimulate transcription factors to 

Figure 5. Effects of baicalin on MPO activity and oxidative stress in ALI. The effects of baicalin on the activity of (A) MPO, (B) MDA and (C) SOD in ALI. 
##P<0.05 vs. the sham group; **P<0.05 vs. the burn group. Burn, burn‑induced remote acute lung injury group; Burn + baicalin, burn‑induced remote acute lung 
injury treated with baicalin. MPO, myeloperoxidase; MDA, malondialdehyde; SOD, superoxide dismutase; ALI, acute lung injury.

Figure 6. Effects of baicalin on NF‑κB and MMP‑9 protein expression in ALI. The effects of baicalin on NF‑κB and MMP‑9 protein expression using 
(A) western blotting and statistical analysis of (B) NF‑κB and (C) MMP‑9 protein expression in ALI. ##P<0.05 vs. the sham group; **P<0.05 vs. the burn group. 
Burn, burn‑induced remote acute lung injury group; Burn + baicalin, burn‑induced remote acute lung injury treated with baicalin. ALI, acute lung injury; 
NF‑κB, nuclear factor‑κB; MMP‑9, matrix metalloproteinase‑9.
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initiate the expression of their target inflammatory mediator 
genes, including cytokines and chemokines. The resultant 
uncontrolled inflammation may lead to damage, apoptosis, and 
mechanical ventilation of alveolar cells and lung capillaries, 
resulting in lung abnormalities (13).

An uncontrolled inflammatory response is the leading 
cause of ALI and, therefore, elucidation of the mechanism 
of action of pulmonary inflammatory mediators in ALI is 
important for the prevention and treatment of ALI (14). In 
the present study, baicalin significantly decreased the TNF‑α, 
and IL‑8, ‑1β and ‑18 concentrations in the serum of rats with 
burn‑induced remote ALI. Liu et al (15) hypothesized that 
baicalin attenuates inflammation by inhibiting NF‑κB in mice 
with ovalbumin‑induced asthma.

An increase in MMP‑9 expression in animal models and 
clinical patients is a common pathophysiological manifestation 
of lung injury caused by various factors and, therefore, MMP‑9 
was hypothesized to serve an important role in the develop-
ment of lung injury (16,17). Analysis of candidate pathways 
mediating MMP‑9 upregulation in ALI demonstrated that an 
increased level of MMP‑9 in lung tissue corresponded with 
more severe lung injury (16). In the present study, treatment 
with baicalin significantly suppressed NF‑κB and MMP‑9 
protein expression in rats with burn‑induced remote ALI. 
Yan et al (9) suggested that baicalin may attenuate pulmonary 
hypertension by downregulating the p38 mitogen‑activated 
protein kinase/MMP‑9 pathway.

Inflammasomes are a class of macromolecules and polypro-
tein complexes induced and assembled via the oligomerization 
of domain‑like receptors, and by activated nucleotide‑binding 
in the cytoplasm of cells (18). Inflammasomes mediate the 
innate immune response  (18). NLRP3 is a member of an 
inflammatory cytokine family, an apoptosis‑associated 
speck‑like protein containing a carboxy‑terminal caspase 
recruiting domain and caspase‑1 precursors (19). NLRP3 is 
activated by the binding of pathogen‑associated molecular 
patterns or risk‑associated molecular patterns to their ligands, 
which induces NLRP3 inflammasome assembly and promotes 
oligomerization. The resulting oligomerized pro‑caspase‑1 
exhibits self‑enzymatic properties to form caspase‑1, a 
biologically active protein that promotes the maturation of 
IL‑1β precursor and IL‑18 precursor, additionally termed 
pro‑IL‑18, to generate biologically active IL‑1β and ‑18, 
which are subsequently secreted outside of the cell to exert 
their biological effects  (20). In the present study, baicalin 
significantly attenuated NLRP3 inflammasome expression 
in rats with burn‑induced remote ALI. Fu et al (21) reported 
that baicalin suppressed NLRP3 inflammasome and NF‑κB 
signaling in Haemophilus parasuis infection.

In conclusion, the present study identified that baicalin 
protected against severe burn‑induced remote ALI in rats via 
modulation of the NLRP3 signaling pathway. The positive 
effects of baicalin on burn‑induced remote ALI make it a 
candidate for application in therapeutic strategies.
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