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Baicalin (BA) magnesium salt (BA-Mg) is a good water-soluble ingredient extracted from Scutellaria baicalensis Georgi, a
commonly used traditional Chinese medicine. This study is aimed at investigating whether BA-Mg could exert a better
protective effect on lipopolysaccharide- (LPS-) induced acute lung injury (ALI) in mice and illuminate the underlying
mechanisms in vivo and in vitro. Mice were intraperitoneally administrated with equimolar BA-Mg, BA, and MgSO4 before LPS
inducing ALI. Lung tissues and bronchoalveolar lavage fluid were collected for lung wet/dry ratio, histological examinations, cell
counts, and biochemical analyses at 48 h post-LPS exposure. Meanwhile, the protein expressions of TLR4/NF-κB signaling
pathway and proinflammatory cytokines in lung tissues and lung bronchial epithelial cells (BEAS-2B) were detected. The results
showed BA-Mg pronouncedly ameliorated LPS-induced inflammatory response and histopathological damages, elevated
antioxidant enzyme activity (SOD), and downregulated myeloperoxidase (MPO) and malonaldehyde (MDA) levels through the
inhibition of TLR4/NF-κB signaling pathway activation. Moreover, the effect of BA-Mg was significantly better than that of BA
and MgSO4 in ameliorating symptoms. Overall, BA-Mg can effectively relieve inflammatory response and oxidative stress
triggered by LPS, indicating it may be a potential therapeutic candidate for treating ALI.

1. Introduction

Acute lung injury (ALI) is a life-threatening disorder that is
mainly caused by direct and indirect factors, including sepsis,
harmful inhalation, burn injury, and trauma [1, 2]. It is clin-
ically shown as overwhelming pulmonary inflammation,
widespread capillary leakage, acute onset, and progressive
hypoxemia [3]. The currently major therapies include con-
servative fluid strategy, extracorporeal membrane oxygena-
tion, and prone position ventilation [4]. Although advances
in prognosis and treatment modalities, its morbidity and
mortality are still high [5, 6]. At present, there are no effective

medicines or measures to control ALI [7]. Consequently, it is
an urgent need for seeking a novel effective drug for ALI.

Scutellaria baicalensis Georgi (Scutellaria), commonly
known as a type of “antipyretic-detoxicate drugs” in tradi-
tional Chinese herbal medicine, is widely used to treat “cough
with lung heat” [8]. Clinically, a variety of Chinese patent
medicine injections containing Scutellaria or its extracts have
been widely used for the treatment of respiratory diseases
and exerted good efficacy whether used alone or in combina-
tion [9–11]. Baicalin (BA, baicalein-7-O-glucuronide flavone,
Figure 1(a)) is the major active flavonoid compound isolated
from Scutellaria [12]. Although BA has various important
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biological functions, including antioxidant, anti-inflamma-
tory, and antiviral effects [13, 14], its poor water solubility
limits its wide clinical application. Various methods have been
used to improve the water solubility of BA; however, the
effects are still not very satisfactory. BA is mainly extracted
from Scutellaria via water extraction and acid deposition,
which is recorded in Chinese Pharmacopoeia [15]. Recently,
we isolated a type of BA with good aqueous solubility from
Scutellaria without adding acid throughout the process of
extraction and purification (the relevant content has been
authorized by a US patent [16]), namely, BA magnesium salt
(BA-Mg, Figure 1(b)). The water solubility was significantly
improved from 0.058mg/mL (BA) to 22.4mg/mL (BA-Mg),
showing an increase of 300 times.

The lipopolysaccharide- (LPS-) induced model of ALI is
widely used in the related mechanism research and drug
development [17]. After LPS exposure, toll-like receptor 4
(TLR4), an innate immune receptor of bacterial endotoxins,
is recruited to activate the nuclear factor kappa B (NF-κB)
signaling transduction pathway and consequent trigger
inflammatory response [18, 19]. Numerous studies have
indicated that BA exerts its antioxidant and anti-
inflammatory functions by inhibiting inflammatory cyto-
kines production via inactivating the NF-κB pathway in
LPS-challenged mice [20, 21]. In this study, we found BA-
Mg could better prevent and treat ALI triggered by LPS than
BA and MgSO4. The protection mechanism was probably
proposed that BA-Mg would alleviate the inflammatory cas-
cade by inhibiting TLR4-mediated NF-κB signaling pathway
that occurred in mice with ALI induced by LPS.

2. Materials and Methods

2.1. Reagents and Chemicals. BA (CAS registry no. 21967-41-
9; molecular formula, C21H18O11; molecular weight, 446.36;
batch number 110715-201318) was provided by the National
Institute for Food and Drug Control, Beijing, China. Magne-
sium sulfate was supplied by Jingqiu Chemical Chemical Co.,
Ltd (Beijing, China). BA-Mg was given by Professor Liu
Cuizhe, Institute of Traditional Chinese Medicine, Chengde
Medical College. LPS (Escherichia coli serotype 055:B5) was
purchased from Sigma-Aldrich (St. Louis, MO, USA). Dexa-
methasone (DEX) was produced by Aladdin Biochemical
Technology Co., Ltd (Shanghai, China). Myeloperoxidase
(MPO), malonaldehyde (MDA), and superoxide dismutase
(SOD) assay kits were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). Water used in
all experiments was purified by a Milli-Q Biocel Ultrapure

Water System (Millipore, Bedford, MA). Enzyme-linked
immunosorbent assay (ELISA) kits for tumor necrosis factor-
(TNF-) α, interleukin- (IL-) 1β, and IL-6 were obtained from
R&D Systems, Inc. (Minneapolis, MN, USA). Primary anti-
bodies against p-IκBα, IκBα, MyD88, NF-κB p65, p-NF-κB
p65, and TLR4 were obtained from Cell Signaling Technol-
ogy (Danvers, MA, USA). Dulbecco’s modified Eagle’s
medium (DMEM) was purchased from Life Technologies
(Carlsbad, CA, USA).

2.2. Animals. Thirty-five male ICR mice (6-8 weeks old, 18-
22 g, specific pathogen-free) were purchased from Zhejiang
Laboratory Animal Center (License no. SCXK (Zhe) 2019-
0002) and were housed in an SPF-barrier facility (22 ± 2°C,
40% to 60% humidity, and 12 h light/dark cycles) in the Lab-
oratory Animal Research Center of Zhejiang Chinese Medi-
cal University (certificate number SYXK (Zhe) 2018-0012).
All animal care and experimental procedures were abided
by the National Institutes of Health Guidelines for the Care
and Use of Laboratory Animals (IACUC-20180716-10).

2.3. LPS-Induced ALI and Treatment. Mice were randomly
divided into 7 groups, 5 in each group: control group, LPS
group, LPS + BA −Mg (100, 200mg/kg), LPS + BA (195.2
mg/kg), LPS +MgSO4 (5.2mg/kg), and LPS + DEX (5
mg/kg). The BA group and MgSO4 group were administered
with BA andMgSO4 equivalent to 200mg/kg BA-Mg, respec-
tively. Briefly, all mice were pretreated with drugs intraperi-
toneally once each day for 3 days consecutively. On the
fourth day, mice were anesthetized by 2.5% isoflurane inhala-
tion and stimulated with 50μL LPS (16mg/mL) via dripping
into the nasal cavity. Drugs were intraperitoneally injected 3
days post-LPS exposure. Mice were sacrificed at 1 h after the
end of administration on the 6th day; then, bronchoalveolar
lavage fluid (BALF) and lung tissues were obtained. All sam-
ples are stored at -80°C until assay.

2.4. Lung Wet-to-Dry Weight Ratio. The right lung was
quickly removed; a filter paper was used to dry the blood
on the surface of the lungs, then weighed (wet weight, W).
Subsequently, the lungs were placed in an oven at 80°C for
48 h to obtain the dry weight (D). The lung W/D ratio was
calculated to assess the extent of pulmonary edema.

2.5. Histological Examination. The lung tissues were fixed
with 10% formalin, followed by dehydration using an alcohol
gradient and embedment in paraffin. The 5μm thick sections
were stained with hematoxylin and eosin (H&E) staining for

OH

OH O

OOO

HO

HO
HO

HOOC

(a)

O

O

2

Mg2+

OO

OH

OH

HO

HO
HO

–OOC

(b)

Figure 1: Chemical structures of baicalin (a) and baicalin-Mg (b).
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analysis of pathological changes. The degree of pathological
injury was scored as described previously [22, 23].

2.6. Inflammatory Cell Counts in BALF. The BALF was cen-
trifuged at 3,000 rpm for 10min at 4°C, and the supernatant
was collected for cell quantification. The cell counts were cal-
culated using a cell counter. The number of each cell type was
calculated as the total cell number multiplied by the corre-
sponding subgroup percentage.

2.7. Inflammatory Cytokine Assay. The levels of TNF-α, IL-
1β, and IL-6 in BALF were analyzed using the commercially
available ELISA kits according to the corresponding manu-
facturer’s instructions.

2.8. Measurement of Biochemical Indicators. Lung tissues
were weighed and homogenized in cold PBS. The MPO,
MDA, and SOD were detected using the assay kits according
to the corresponding manufacturer’s instructions.

2.9. Cell Culture. Human lung bronchial epithelial cells
(BEAS-2B) were purchased from American Type Culture
Collection (Manassas, VA, USA). BEAS-2B cells were cul-
tured in DMEM containing 10% heat-inactivated fetal bovine
serum, 100 IU/mL penicillin, and 100 IU/mL streptomycin at
37°C in a humidified atmosphere with 5% CO2. The cells
were assigned into five groups: control group, LPS group,
LPS + BA −Mg (5μM), LPS + BA (10μM) group, and LPS
+MgSO4 (5μM) group. Briefly, BEAS-2B cells in log-phase
were seeded onto 6-well culture plates at a density of 1 ×
106 cells/mL for 24 h. Cells were pretreated with BA-Mg,
BA, and MgSO4 6h before LPS stimulation (8μg/mL). The
levels of IL-6, IL-1β, and TNF-α of supernatants were
detected with ELISA kits according to the manufacturers.
And the related protein expressions of TLR4/NF-κB were
measured by western blot assay.

2.10. Western Blot Analysis. Total proteins of lung tissues and
BEAS-2B cells were extracted with lysis buffer according to a
standard protocol. Afterward, proteins were separated by
10% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis, electrotransferred onto a polyvinylidene fluoride mem-
brane, and blocked with 5% skimmed milk at room
temperature. Subsequently, membranes were incubated
overnight at 4°C with primary antibodies for p-IκBα, IκBα,
NF-κB p65, p-NF-κB p65, MyD88, and TLR4, respectively,
and subsequently incubated with horseradish peroxidase-
(HRP-) conjugated secondary antibodies (1 : 5000). Finally,
specific protein bands were visualized and quantified using
the ECL (Millipore, USA).

2.11. Statistical Analysis. The GraphPad Prism 8.0 software
(GraphPad Software, La Jolla, CA, USA) was used for all sta-
tistical analyses. Data were analyzed by one-way analysis of
variance (ANOVA) followed by Tukey’s test. A P value of
<0.05 was considered statistically significant. All data are
expressed as mean ± standard deviations (SD).

3. Results

3.1. BA-Mg Alleviated LPS-Induced ALI in Mice. We evalu-
ated the protective efficacy of BA-Mg, BA, and MgSO4 in
the LPS-induced ALI model (Figure 2(a)). Pulmonary edema
is the hallmark of ALI; theW/D ratio is often used to evaluate
the extent of pulmonary edema. Compared with the control
group, the W/D ratio was significantly increased than that
in the LPS group (P < 0:01, Figure 2(b)). Conversely, treat-
ment of BA-Mg, BA, MgSO4, and DEX decreased the W/D
ratio compared to the LPS group (P < 0:05 or P < 0:01), while
BA-Mg was more effective than BA and MgSO4.

Morphological changes in the lungs were performed with
H&E staining, and the degree of lung injury was scored in
each mouse, as indicated in Figure 2(c). Herein, there were
no obvious histological alterations of lung sections obtained
from the control group, characterized by the intact structure
and clear pulmonary alveolus. By contrast, mice challenged
with LPS exhibited characteristic ALI signs of histopatholog-
ical damages, evidenced by the severe inflammatory cells dif-
fuse infiltration and destruction of the alveolar histological
structure. Consistent with the injury, the total pulmonary
injury scores in the LPS group were notably improved com-
pared with that in the control group (P < 0:01, Figure 2(d)).
However, the above appearance of lesions was pronouncedly
mitigated in mice undergoing BA-Mg, BA, MgSO4, and DEX
administration. Particularly, treatment with BA-Mg at a dose
of 200mg/kg markedly restored the morphology of alveoli, as
well as the presence of mild inflammatory cells; moreover,
the amelioration was better than that of BA and MgSO4. Fur-
thermore, the same trend also appeared in the pathology
scoring results (P < 0:01, Figure 2(d)). This result demon-
strated that pretreatment with BA-Mg could better protect
against LPS-induced ALI.

3.2. BA-Mg Attenuated LPS-Induced Inflammatory Cell
Infiltration and Proinflammatory Cytokine Expression in
BALF. To further investigate the protective effect of BA-
Mg, we determined the potential variations of inflammatory
cell counts and proinflammatory cytokines in BALF. Firstly,
cytological classification and cell counts were performed to
evaluate the severity of inflammatory cell infiltration in the
lung. We have detected a total of five types of infiltrated
immune cells in BALF, including neutrophils, macrophages,
lymphocytes, eosinophils, and basophils, as illustrated in
Figures 3(b)–3(f). The number of total cells (Figure 3(a)),
neutrophils, macrophages, and lymphocytes was significantly
different, but there was no significant difference in eosinophil
and basophil counts. LPS exposure induced excessive inflam-
matory cell recruitment compared to that in the control
group, as shown by the increased number of total cells, neu-
trophils, macrophages, and lymphocytes (P < 0:01). As
expected, BA-Mg, BA, MgSO4, and DEX-treated animals
could markedly attenuate the numbers of infiltrated inflam-
matory cells in BLAF compared to the LPS-exposed animals
(P < 0:05 or P < 0:01); but the number of lymphocytes in
BALF did not differ significantly in the BA and LPS group.
In addition, the effect of BA-Mg was more significant than
BA and MgSO4.
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Additionally, the proinflammatory cytokine levels, such
as TNF-α, IL-1β, and IL-6 in BALF, were assessed by ELISA
for further illuminating the anti-inflammatory effect of BA-
Mg. In comparison with the control group, the concentra-
tions of TNF-α, IL-1β, and IL-6 in the LPS group were signif-
icantly increased (P < 0:01), whereas BA-Mg, BA, MgSO4,
and DEX pronouncedly attenuated this increasing trend
(P < 0:05 or P < 0:01, Figures 3(g)–3(i)). Notably, pretreat-
ment with BA-Mg was more effective than an equimolar dose
of BA and MgSO4 in inhibiting the expressions of cytokines
and chemokines. Collectively, these findings might indicate
that BA-Mg could inhibit inflammatory cell gathering and
downregulate relevant proinflammatory factors in LPS-
induced inflammatory response.

3.3. BA-Mg Reduced MPO Activity in Lung Tissue. It was
observed that MPO activity, as a specific marker of inflam-
matory cell extravasation, was significantly upregulated in

LPS-induced mice as compared to the control tissues
(P < 0:01, Figure 4(a)). Of note, administration of BA-Mg,
BA, MgSO4, and DEX efficiently reversed this change in the
LPS group (P < 0:01), whereas the effect of BA-Mg was more
significant.

3.4. Protective Effects of BA-Mg against Oxidative Stress in
ALI Mice. The oxidative stress might result in alveolar epithe-
lial cell apoptosis and lung destruction. Thus, the levels of
SOD and MDA were investigated to assess the oxidative sta-
tus, as indicated in Figures 4(b) and 4(c). After inhalation of
LPS, SOD activity was dramatically lower (P < 0:01), and
MDA levels were sharply higher (P < 0:01) with respective
to the control group. The pretreatment with BA-Mg, BA,
MgSO4, and DEX pronouncedly increased SOD levels and
decreased MDA content (P < 0:01) compared with the LPS
group. Moreover, in terms of ameliorating the SOD activity
and MDA content, BA-Mg was more effective than BA and
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Figure 2: BA-Mg alleviated LPS-induced ALI in mice. (a) Experiment design. Mice were injected intraperitoneally BA-Mg, BA, and MgSO4
for 3 days before nasal instillation of LPS, and samples were collected at 48 h after LPS stimulation. (b) Lung W/D ratio. (c) Representative
H&E staining of lung tissue sections. (d) Histological score. LPS: lipopolysaccharide; BA-Mg: baicalin-Mg; BA: baicalin; DEX:
dexamethasone. Data were represented as mean ± SD (n = 5). ∗P < 0:05, ∗∗P < 0:01 versus LPS group.

4 Journal of Immunology Research



0

5

10

To
ta

l c
el

l c
ou

nt
 (×

10
6 /m

L) 15

C
on

tro
l

LP
S

LP
S+

BA
-M

g 
10

0 
m

g/
kg

LP
S+

BA
-M

g 
20

0 
m

g/
kg

LP
S+

BA
 1

95
.2

 m
g/

kg

LP
S+

M
gS

O
4 5

.2
 m

g/
kg

LP
S+

D
EX

⁎⁎ ⁎⁎

⁎⁎
⁎⁎

⁎

(a)

0

2

4

6

N
eu

tro
ph

il 
co

un
t (
×

10
6 /m

L) 8

C
on

tro
l

LP
S

LP
S+

BA
-M

g 
10

0 
m

g/
kg

LP
S+

BA
-M

g 
20

0 
m

g/
kg

LP
S+

BA
 1

95
.2

 m
g/

kg

LP
S+

M
gS

O
4 5

.2
 m

g/
kg

LP
S+

D
EX

⁎⁎ ⁎⁎

⁎⁎
⁎⁎

⁎

(b)

0.0

0.5

1.0

M
ac

ro
ph

ag
e c

ou
nt

 (×
10

6 /m
L) 1.5

C
on

tro
l

LP
S

LP
S+

BA
-M

g 
10

0 
m

g/
kg

LP
S+

BA
-M

g 
20

0 
m

g/
kg

LP
S+

BA
 1

95
.2

 m
g/

kg

LP
S+

M
gS

O
4 5

.2
 m

g/
kg

LP
S+

D
EX

⁎⁎ ⁎⁎

⁎⁎
⁎⁎

⁎⁎

(c)

0

1

2

3

4

Ly
m

ph
oc

yt
e c

ou
nt

 (×
10

6 /m
L) 5

C
on

tro
l

LP
S

LP
S+

BA
-M

g 
10

0 
m

g/
kg

LP
S+

BA
-M

g 
20

0 
m

g/
kg

LP
S+

BA
 1

95
.2

 m
g/

kg

LP
S+

M
gS

O
4 5

.2
 m

g/
kg

LP
S+

D
EX

⁎⁎ ⁎⁎
⁎
⁎⁎

(d)

0.00

0.04

0.08

Eo
sin

op
hi

l c
ou

nt
 (×

10
6 /m

L) 0.12

C
on

tro
l

LP
S

LP
S+

BA
-M

g 
10

0 
m

g/
kg

LP
S+

BA
-M

g 
20

0 
m

g/
kg

LP
S+

BA
 1

95
.2

 m
g/

kg
LP

S+
M

gS
O

4 5
.2

 m
g/

kg

LP
S+

D
EX

(e)

0.00

0.02

0.04

Ba
so

ph
il 

co
un

t (
×

10
6 /m

L) 0.10

0.06

0.08

C
on

tro
l

LP
S

LP
S+

BA
-M

g 
10

0 
m

g/
kg

LP
S+

BA
-M

g 
20

0 
m

g/
kg

LP
S+

BA
 1

95
.2

 m
g/

kg
LP

S+
M

gS
O

4 5
.2

 m
g/

kg

LP
S+

D
EX

(f)

0

200

400

600

800

TN
F-
𝛼

 (p
g/

m
L)

1000

C
on

tro
l

LP
S

LP
S+

BA
-M

g 
10

0 
m

g/
kg

LP
S+

BA
-M

g 
20

0 
m

g/
kg

LP
S+

BA
 1

95
.2

 m
g/

kg

LP
S+

M
gS

O
4 5

.2
 m

g/
kg

LP
S+

D
EX

⁎⁎ ⁎⁎

⁎⁎
⁎⁎

⁎⁎

(g)

0

50

100

150

200

IL
-1
𝛽

 (p
g/

m
L)

250

C
on

tro
l

LP
S

LP
S+

BA
-M

g 
10

0 
m

g/
kg

LP
S+

BA
-M

g 
20

0 
m

g/
kg

LP
S+

BA
 1

95
.2

 m
g/

kg

LP
S+

M
gS

O
4 5

.2
 m

g/
kg

LP
S+

D
EX

⁎⁎ ⁎⁎

⁎⁎
⁎⁎

⁎⁎

(h)

0

100

200

300

400

IL
-6

 (p
g/

m
L)

500

C
on

tro
l

LP
S

LP
S+

BA
-M

g 
10

0 
m

g/
kg

LP
S+

BA
-M

g 
20

0 
m

g/
kg

LP
S+

BA
 1

95
.2

 m
g/

kg

LP
S+

M
gS

O
4 5

.2
 m

g/
kg

LP
S+

D
EX

⁎⁎ ⁎⁎

⁎⁎
⁎⁎

⁎⁎

(i)

Figure 3: BA-Mg attenuated inflammatory cell infiltration and proinflammatory cytokine expressions in BALF: (a–f) inflammatory cell
counts; (g–i) proinflammatory cytokines. Data were represented as mean ± SD (n = 5). ∗P < 0:05, ∗∗P < 0:01 versus LPS group.
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MgSO4. Overall, these results indicated that BA-Mg pretreat-
ment significantly suppressed oxidative stress by increasing
antioxidant enzyme activity in LPS-induced ALI.

3.5. BA-Mg Inhibited Activated TLR4/NF-κB Signaling
Pathway in LPS-Stimulated ALI Mice. To investigate whether
BA-Mg exerted anti-inflammatory effects responded to the LPS
challenge by regulating the TLR4/NF-κB signaling pathway, we
tested the protein expression of TLR4/NF-κB signaling path-
way by western blotting, as illustrated in Figure 5. In the LPS
group, the expressions of p-p65, TLR4, and MyD88 protein
were upregulated (P < 0:01), which were reversed by pretreat-
ing with BA-Mg, BA, and MgSO4 (P < 0:05 or <0.01), espe-
cially in the BA-Mg high-dose group (P < 0:01). This finding
suggested that BA-Mg could suppress the TLR4/NF-κB signal-
ing pathway to relieve inflammatory response of ALI.

3.6. Effect of BA-Mg on LPS-Induced BEAS-2B Cells In Vitro.
To further confirm the anti-inflammatory mechanism of BA-

Mg, the inflammatory cytokine expressions of TNF-α, IL-1β,
and IL-6 were measured in LPS-stimulated BEAS-2B cells
in vitro. As revealed in Figures 6(a)–6(c), consistent with
the results in vivo, LPS exposure significantly increased the
expressions of TNF-α, IL-1β, and IL-6 (P < 0:01), whereas
this increasing trend was pronouncedly attenuated by BA-
Mg, BA, and MgSO4 (P < 0:01). Collectively, these findings
might indicate that BA-Mg could inhibit inflammatory cell
gathering and downregulate relevant proinflammatory fac-
tors in LPS-induced inflammatory response.

Moreover, the protein expressions of TLR4, p-p65, p-IκB,
and MyD88 were measured in LPS-stimulated BEAS-2B cells
in vitro. As showed in Figures 6(d) and 6(e), consistent with
the results in vivo, LPS exposure significantly upregulated the
expressions of TLR4, p-p65, p-IκB, and MyD88 compared
with those in the control group (P < 0:01). As expected, pre-
treatment with BA-Mg, BA, and MgSO4 markedly downreg-
ulated the levels of TLR4/NF-κB signaling pathway
compared with the LPS group (P < 0:05 or P < 0:01).
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Figure 4: Effect of BA-Mg on the MPO (a), MDA (b), and SOD (c) levels in lung tissue of mice injured by LPS. Data were represented as
mean ± SD (n = 5). ∗P < 0:05, ∗∗P < 0:01 versus LPS group.
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Figure 5: Effect of BA-Mg on TLR4/NF-κB signaling pathway in lung tissue of mice injured by LPS: (a) western blot analysis; (b) statistical
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Furthermore, pretreatment with BA-Mg exhibited more effi-
cient inhibitory effects than BA or MgSO4. The results fur-
ther implied that BA-Mg exhibited anti-inflammatory
activity via regulating TLR4/NF-κB signaling pathway.

4. Discussion

BA is the main active ingredient of Scutellaria, and its content
is generally 9%-20%. There is abundant evidence suggesting
that BA exerts clear anti-inflammatory effects on a variety
of inflammation models and has protective and therapeutic
effects on ALI [24, 25]. However, BA has poor aqueous solu-
bility, which sharply decreases its bioavailability. Previously,
we reexamined the extraction process of BA and obtained a
good water-soluble BA-Mg. In the present study, we pro-
vided scientific supportive evidence that BA-Mg could pro-
nouncedly ameliorate LPS-induced ALI than BA.

The destruction of the alveolar-capillary barrier and
inflammatory disorder is the typical pathophysiological char-
acteristics response to ALI induced by LPS exposure [26–28].
In this study, we found that BA-Mg pretreatment efficiently
reduced theW/D ratio in comparison to the LPS group, indi-

cating that BA-Mg could reduce lung edema by protecting
the capillary-alveolar barrier. Meanwhile, BA-Mg dramati-
cally reduced the infiltration of total cells, neutrophils, mac-
rophages, and lymphocytes in BALF and suppressing MPO
activity in lung tissues of LPS-induced ALI mice. The MPO
activity, a prooxidant enzyme, and direct biomarker of neu-
trophil accumulation reflected the pulmonary inflammation
and cell damage in ALI [3]. In the histopathological analysis,
we observed the attenuated histopathological changes after
BA-Mg administration, such as lung edema, inflammatory
cell infiltration, and thickening of the alveolar wall, were
manifestly different from the LPS group. Furthermore, the
balance of oxidative defense is also crucial for the therapy
of ALI [20]. BA-Mg could improve SOD activities and reduce
MDA content, the generally accepted indicators for evaluat-
ing the extent of lipid peroxidation. These findings illustrated
that BA-Mg protected against LPS-induced ALI by enhanc-
ing antioxidant systems and attenuating the inflammatory
cell infiltration in the lungs.

Consistent with the inhibition of inflammatory cell infil-
tration, BA-Mg remarkably downregulated the overproduc-
tion of TNF-α, IL-1β, and IL-6 in BALF of LPS-treated
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Figure 6: Effect of BA-Mg on LPS-induced BEAS-2B cells in vitro. (a–c) Effect of BA-Mg on inflammatory cytokine expressions in LPS-
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mice. It is well-known that TLR4 is a key functional protein
that responds to LPS [29]. Upon LPS stimulation, TLR4 acti-
vation leads to the phosphorylation of NF-κB p65, stimulat-
ing the production of inflammatory factors such as TNF-α,
IL-1β, and IL-6, which could recruit inflammatory cells to
initiate immune-inflammatory responses in ALI (Figure 7)
[18, 30]. These inductions ultimately caused the infiltration
of inflammatory cells into severe lesions [29, 31]. Thus,
blocking TLR4/NF-κB signaling pathway could mitigate
inflammatory response triggered by LPS [32–34]. After the
LPS challenge, the protein expression of the TLR4/NF-κB
signaling pathway in lung tissues as well as in BEAS-2B cells
was elevated. It is worth noting that BA-Mg markedly sup-
pressed the activation of the TLR4/NF-κB signaling pathway,
thereby ameliorating ALI in mice.

Although the protective effect of BA and MgSO4 in ALI
under LPS exposure, the effect of BA-Mg was significantly
better than that of BA and MgSO4 in ameliorating symptoms
of ALI. As we all know, the Mg ion is essential for maintain-
ing health, as it is involved in almost all cell functions, includ-
ing phosphorylations, enzymatic processes, energy balance,
protein synthesis, and DNA stability [35]. According to the
documented reports, dysregulated Mg homeostasis seems to
be the basis of the pathophysiology of diverse diseases [36].
In particular, Mg deficiency has been closely related to the
development of various inflammation-driven diseases [37,
38]. It is suggested that supplementing Mg, as an adjuvant,
may be beneficial to treat inflammation [37]. Previously, we
had demonstrated that the ameliorative effect of BA-Mg pre-

treatment on CCl4-induced acute liver injury in mice
through regulating inflammatory cytokine production and
antioxidant stress [39]; moreover, the pharmacological activ-
ity of BA-Mg was better than BA and MgSO4 [40].

5. Conclusion

In conclusion, we have demonstrated that BA-Mg, a good
water-soluble compound extracted from Scutellaria, pro-
tected against LPS-induced ALI in mice. Mechanistically, it
was probably attributable to the suppression of inflammation
via downregulating TLR4/NF-κB signaling pathway and
inhibiting oxidative stress. However, the optimal prevention
time point and frequency of administration of BA-Mg will
be further verified in future experiments. In any case, BA-
Mg, as a new drug structure, is a promising therapeutic can-
didate drug for the treatment of ALI.
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