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Dioscin prevents LPS-induced acute lung injury
through inhibiting the TLR4/MyD88 signaling
pathway via upregulation of HSP70
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Abstract. Dioscin, as a type of important natural steroidal
saponin, has widespread sources, primarily from the fenugreek
plant, which is an important raw material in the production
of synthetic steroid hormone drugs. Dioscin has anti-tumor,
anti-inflammatory, antioxidant and other significant pharma-
cological effects with high medicinal value. The present work
aimed to research the protective effect and underlying mecha-
nisms by which dioscin prevents acute lung injury (ALI). Mice
were injected with 5 mg/kg LPS to induce lung injury. Mice
were treated with dioscin (20, 40 and 60 mg/kg) following
LPS-induced lung injury. Treatment with dioscin significantly
decreased total number of alveolar macrophages, water
content of lung and total protein concentration in ALI mice.
Dioscin treatment significantly suppressed the ALI-induced
interleukin (IL)-1B, IL-6, tumor necrosis factor-o., nuclear
factor (NF)-kB, myeloperoxidase, interferon-y and intercel-
lular adhesion molecule-1 activities in ALI rats. Following
this, the authors identified that dioscin significantly also
suppressed cyclooxygenase-2, heat shock protein 70, Toll-like
receptor 4, MyD88 and NF-«B protein expression in ALI rats.
The results suggested that dioscin prevents LPS-induced ALI
through inhibiting the TLR4/MyD88 signaling pathway via
upregulation of HSP70.

Introduction

Acute lung injury (ALI) is one of the clinically common
emergency and severe diseases, and the infection is the major
cause of the disease (1) G-bacillus infection causes acute lung
injury (ALI), which is primarily because lipopolysaccharide
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(LPS) activated cells release a large amount of inflammatory
factors (1). Studying LPS signal pathways and its blocking
effect has important theoretical and practical significance to
help understand the occurrence mechanism of ALI and could
help to identify new targets of ALI treatment (2).

Gram-negative bacterial infection is the primary cause
of the acute lung/acute respiratory distress syndrome
(ALI/ARDS) (3). LPS, as the main pathogenic composition
of Gram-negative bacteria, activates the nuclear factor-kB
(NF-kB) and/or mitogen-activated protein kinase signaling
molecules under the action of the receptor and regulatory
proteins through the signal transduction system, resulting
in the expression of various inflammatory factors (4). Such
cascade amplification effect can cause the systemic inflam-
matory response syndrome (SIRS) and compensatory
anti-inflammatory response syndrome and the excessive SIRS
will develop into the multiple organ dysfunction syndromes,
revealing ALI/ARDS in the lungs (5).

ALI and ARDS is one of the major diseases that causes
human death (6). ALI primarily manifests in the many
neutrophils of the lungs, affecting production of inflam-
matory mediators and lung epithelial injury (7). The host
receptor recognizes the LPS, which is the most important
first step to stimulate the cell signaling cascade (7). LPS can
stimulate and activate a variety of cells and combine it with
the CD14 receptor on the surface of the target cells. Toll-like
receptor 4 (TLR4) is the proximal trans-membrane receptor
of the LPS/CD14 complex, acting downstream of CD14, and
transmitting the LPS signal (8). Following the pathogenic
microorganisms and endogenous antigens are recognized
by TLR4 on the cell surface, and the NF-«xB is activated
through the MyD88-dependent or MyD88-independent signal
transduction pathways, inducing the generation and release
of tumor necrosis factor (TNF)-a, interleukin (IL)-1, cyclo-
oxygenase 2, intercellular adhesion molecule-1 and other cell
factors and chemical factors, thus leading to the neutrophil
infiltration, microvascular endothelial cell injury and protein
liquid leakage (9). It has been proven that CD14 and TLR4
are necessary for lipopolysaccharides to activate the immune
signal transduction pathways and activate NF-xB, while the
activation of the latter is the common method of inflammatory
reactions (10).
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Heat shock protein (HSP) is a kind of stress protein, as well
as an endogenous protective substance. HSP70 is a major HSP
family which is highly abundant in many organisms and mark-
edly expressed following cell stress (11). In addition, studies
have indicated that Rheum officinale serves a protective role
for ALI-induced LPS, which can inhibit nitric oxide (NO)
generation and inducible NO synthase activity, and reduce
the activity of phospholipase A2 and platelet activating factor,
thus protecting the lungs and reducing the effect of lung injury
LPS-induced ALI (12,13).

Dioscin, a saponin, is a naturally occurring steroid found in
plants (Fig. 1). As the important raw material for the synthetic
steroid hormone drugs and steroidal contraceptives, dioscin
is generally used for the production of pregnenolone, proges-
terone, cortisol and other drugs (14). In the past few decades,
the pharmacological effects of dioscin have been thoroughly
studied (15,16). Dioscin has an obvious antitumor effect, and
it also has the function of regulating blood-lipid, anti-platelet
aggregation and choleresis promotion, which is an important
drug for the treatment of cardiovascular disease, encephalitis,
skin diseases and tumors (16). Therefore, the aim of the present
paper was to investigate the effects of dioscin against ALI and
its possible mechanisms.

Materials and methods

Animal models. All animal protocols were approved by the
Animal Care and Use Committee of the Zhongshan Hospital
of Xiamen University (Xiamen, China). All experiments were
conducted in accordance with the National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals. Male
C57BL/6J mice (8-weeks-old; 20-22 g; n=46) were purchased
from Animal Experimental Center of Xiamen University
(Xiamen, China) and were maintained in a laminar-flow
housing apparatus under controlled temperature (22-24°C),
humidity and a 12 h light/dark regimen. Mice had free access
to food and water.

Experimental design and LPS-induced ALI model. All mice
were randomly assigned to five groups: Sham (n=6), LPS
model (n=10), 20 mg/kg dioscin (n=10), 40 mg/kg dioscin
(n=10) and 60 mg/kg dioscin (n=10). Mice were injected with
5 mg/kg LPS to induce lung injury (intrathoracic injection).
Mice in the sham group were given PBS without LPS. Mice
were treated with dioscin (20, 40 and 60 mg/kg) following
LPS-induced lung injury. Left lung tissue samples measured
using an electronic scale as wet weight (W) and heated to 70°C
for 48 h to determine the dry weight (D). The water content
of lung tissue was calculated with the W/D weight ratio. The
left lung was lavaged with 0.5 ml sterile saline and 2 ml bron-
choalveolar lavage fluid (BALF) was instilled. The BALF in
the respiratory system was collected to detect total protein
levels.

Hematoxylin and eosin staining. Right lung tissue samples
were washed with ice-cold PBS and were fixed in 4% para-
formaldehyde (Sinopharm Chemical Reagent Co., Ltd.,
Shanghai, China) for 24 h and embedded in paraffin. Then,
the paraffin-embedded tissues samples were sliced into 5 ym
sections onto glass slides and stained with hematoxylin and

6753

eosin (Beyotime Institute of Biotechnology, Haimen, China).
Tissues were imaged using a laser scanning confocal micro-
scope (Nikon Eclipse TE2000-U, Nikon Corporation, Tokyo,
Japan). ALI score was divided: 0=normal; 1=mild; 2=moderate;
3=severe; and calculated for a total ALI score (17).

Isolation of alveolar macrophages. Lung tissue was lavaged
with 1 ml of sterile PBS through an intratracheal catheter
and BALF was collected. BALF was centrifuged at 1,000 x g
for 10 min at 4°C and pelleted cells were resuspended and
cultured in a 60 mm culture dish in RPMI1640 supplemented
with 10% fetal bovine serum, 1 mmol/l glutamine, 10 mmol/l
4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid at 37°C
for 4 h. The cells adhering to the bottom of dish were washed
twice using PBS and total number of alveolar macrophages in
BALF was calculated using a cell counting chamber.

Quantification of indicators using enzyme-linked immu-
nosorbent assay (ELISA) kit. Mice were anaesthetized with
35 mg/kg pentobarbital sodium and the venous blood of every
mouse was collected from the eye socket. Serum was collected
following centrifugation at 10,000 x g for 10 min at 4°C. IL-13
(cat no. E-EL-MO0037¢), IL-6 (cat no. E-EL.-M0044c¢), TNF-a.
(cat no. E-EL-M0049c), NF-xB (cat no. E-EL-M0838¢),
myeloperoxidase (cat no. E-EL-H1964c), interferon-y (cat
no. E-CL-M0046¢) and ICAM-1 (cat no. E-CL-M0445c¢)
activities were determined using a commercially available
mouse ELISA kits (Elabscience, Wuhan, China).

Western blotting assay. Lung tissue samples were collected
from eye socket under the condition of anesthesia and washed
with ice-cold PBS. Lung tissue samples (50 mg) were cut into
pieces and immediately lysed using radioimmunoprecipita-
tion assay lysis buffer (Beyotime Institute of Biotechnology).
Protein content was determined using a bicinchoninic acid
assay kit (Beyotime Institute of Biotechnology). Proteins
(50 ng) were subjected to 10% SDS-PAGE and then trans-
ferred to a nitrocellulose membrane (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). The membrane was blocked
with 5% nonfat milk in TBS with 0.1% Tween-20 for 1 h at
37°C and was incubated with anti-COX-2 (cat no. sc-7951;
1:500; Santa Cruz Biotechnology, Inc., Dallas, TX, USA),
anti-TLR4 (cat no. sc-10741, 1:500; Santa Cruz Biotechnology,
Inc.), anti-MyD88 (cat no. sc-11356, 1:500; Santa Cruz
Biotechnology, Inc.), anti-NF-«xB (cat no. sc-109, 1:500; Santa
Cruz Biotechnology, Inc.), anti-HSP70 (cat no. sc-59570,
1:500; Santa Cruz Biotechnology, Inc.) and anti-GAPDH
(cat no. E-AB-20079, 1:2,000; Elabscience) overnight at 4°C.
Following three washes, the membranes were incubated with
goat anti-rabbit or mouse IgG secondary antibody conjugated
with horseradish peroxidase (cat nos. sc-2004 or sc-2005;
1:5,000; Santa Cruz Biotechnology, Inc.) at room temperature
for 1 h. Membranes were visualized with enhanced chemilu-
minescence (Pierce; Thermo Fisher Scientific, Inc.) and bands
were quantified with Image Lab software (version 3.0; Bio-Rad
Laboratories, Inc.).

Statistical analysis. All values are presented as mean + standard
error of the mean. Differences were analyzed by one-way
analysis of variance with Tukey's post-hoc test, or by the
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Figure 1. The constitutional formula of dioscin.

unpaired Student's t-test. P<0.05 was considered to indicate a
statistically significantly difference.

Results

Dioscin decreases lung injury score in ALI rats. As presented
in Fig. 2, there was a significant increase in lung injury
score of in the ALI rat model group, compared with the
control group. Under these conditions, treatment with dioscin
(40 and 60 mg/kg) significantly inhibited the ALI-induced
lung injury score in ALI rats, compared with the ALI rat
model group (Fig. 2).

Dioscin decreases total number of alveolar macrophages,
water content of lung and total protein concentration in ALI
rats. Importantly, there were significant increases in total
number of alveolar macrophages, water content of lung and total
protein concentration in ALI rats, compared with the control
group (Fig. 3). The rat in dioscin-treated (40 and 60 mg/kg)
groups demonstrated a significant reduction of these changes
in lung tissue samples of ALI model rats (Fig. 3).

Dioscin decreases the activity levels of IL-1B, IL-6, TNF-a and
NF-kB in ALI rats. To determine whether the anti-inflammation
effect of dioscin in ALI rats, IL-1B, IL-6, TNF-a and NF-«xB
activity levels were measured in the current study. ALI signifi-
cantly enhanced IL-1B, IL-6, TNF-a and NF-«B activity levels
in ALI rats, compared with the control group (Fig. 4). Treatment
with 60 and 40 mg/kg dioscin significantly suppressed the
ALI-induced IL-1B, IL-6, TNF-a and NF-kB activity levels in
ALI rats, compared with the ALI model rat group (Fig. 4).

Dioscin decreases MPO level in ALI rats. The authors deter-
mined the anti-inflammatory effects of dioscin in ALI rats by
measuring MPO level. As presented in Fig. 5, the MPO level
in all ALI rats was significantly induced, compared with the
control group. However, compared with the ALI model group,
treatment with 40 and 60 mg/kg dioscin was significantly
different (Fig. 5).

Dioscin decreases the IFN-y and ICAM-1 levels in ALI rats.
To further determine whether the anti-inflammatory effect of
dioscin in ALI rats, IFN-y and TGF-f1 levels in ALI rat were
measured. As presented in Fig. 6, the activation of IFN-y and
ICAM-1 activity levels in ALI rats was increased compared with
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Figure 2. Dioscin decreased lung injury score in ALI rats. Dioscin prevents
lung injury score using (A) hematoxylin and eosin stain (magnification, x5)
and (B) statistical analysis of lung injury score in ALI rats, compared with
the ALI model group. Con, control group; Dio-20, 20 mg/kg dioscin group;
Dio-40, 40 mg/kg dioscin group; Dio-60, 60 mg/kg dioscin group. “P<0.01
vs. control group; “P<0.01 vs. ALI model group. ALI, acute lung injury.
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Figure 3. Dioscin decreases total number of alveolar macrophages, water
content of lung and total protein concentration in ALI rats. Dioscin decreases
(A) total number of alveolar macrophages, (B) water content of lung and
(C) total protein concentration in ALI rats, compared with the ALI model
group. Con, control group; Dio-20, 20 mg/kg dioscin group; Dio-40,40 mg/kg
dioscin group; Dio-60, 60 mg/kg dioscin group. “P<0.01 vs. control group;
P<0.01 vs. ALI model group. ALIL, acute lung injury.
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Figure 4. Dioscin prevents the activity levels of NF-xB, TNF-a, IL-1B and IL-6 in ALI rats. Dioscin prevents the activity levels of (A) NF-«xB, (B) TNF-a,
(C) IL-1B and (D) IL-6 in ALI rats, compared with the ALI model group. Con, control group; Dio-20, 20 mg/kg dioscin group; Dio-40, 40 mg/kg dioscin
group; Dio-60, 60 mg/kg dioscin group. “P<0.01 vs. control group; P<0.01 vs. ALI model group. IL, interleukin; TNF-a, tumor necrosis factor-o; NF-«xB,

nuclear factor-xB; ALIL, acute lung injury.
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Figure 5. Dioscin decreases MPO level in ALI rats, compared with the
ALI model group. Con, control group; Dio-20, 20 mg/kg dioscin group;
Dio-40, 40 mg/kg dioscin group; Dio-60, 60 mg/kg dioscin group. “P<0.01
vs. control group; P<0.01 vs. ALI model group. MPO, myeloperoxidase;
ALI, acute lung injury.

the control group. In 40 and 60 mg/kg dioscin-treated groups,
IFN-y and ICAM-1 activity levels were significantly decreased
in ALI rats, compared with ALI model rat group (Fig. 6).

Dioscin decreases the COX-2 and HSP70 protein levels in
ALI rats. To assess whether the anti-inflammatory effect of
dioscin on COX-2 and HSP70 protein expression level in ALI
rats, COX-2 protein expression level was measured using a
western blotting assay. COX-2 and HSP70 protein expression
levels were significantly induced by ALI, compared with the
control group (Fig. 7). Meanwhile, 40 and 60 mg/kg dioscin
significantly suppressed the ALI-induced COX-2 and HSP70
protein expression level in ALI rats, compared with the ALI
model rat group (Fig. 7).

Dioscin decreases the TLR4, MyD88 and NF-xB protein levels
in ALI rats. To assess whether the anti-inflammatory effect
of dioscin on TLR4, MyD88 and NF-«B protein levels using
western blotting assay. As presented in Fig. 8, ALI signifi-
cantly induced TLR4, MyD88 and NF-«kB protein expression
level in ALI rats, compared with the control group (Fig. 8).
40 and 60 mg/kg dioscin significantly suppressed TLR4,

MyD88 and NF-kB protein levels in ALI rats, compared with
the ALI model rat group (Fig. 8).

Discussion

ALIisacommon severe condition,and Gram-negative bacterial
infection is the major cause of the disease (18). G-bacillus is the
primary pathogenic bacteria involved in the clinical infection.
G-bacillus infection causes the ALI, mainly because the LPS
activated cells release a large amount of inflammatory factors,
so LPS is important to mediate SIRS, as well as multiple organ
dysfunction syndrome (19). The alveolar macrophages are the
first defense line in the respiratory tract, and are also the main
effector cell of LPS (19). Studying the LPS signaling pathways
and its blocking effect has important theoretical and practical
significance to help understand the occurrence mechanism of
ALI and look for the new target in ALI treatment (5). In the
present work, dioscin significantly inhibited ALI score, total
number of alveolar macrophages, water content of lung and
total protein concentration in ALI rats. Tao et al (14) suggested
that dioscin attenuates hepatic ischemia-reperfusion injury via
anti-inflammation and apoptosis in rats.

TLR4, as the receptor of lipopolysaccharides (the primary
component of the outer wall of Gram-negative bacteria cell), has
an important role in the inflammatory response (20). Besides
LPS, other endogenous ligands can also activate the TLR4
receptor, such as the high-speed transfer protein B1, HSP70,
and other factors released from dead or injured cells that can
activate TLR4 and NF-«kB, leading to the release of inflamma-
tory factors TNF-a, IL-1 and IL-6 (11). In the current study,
the authors demonstrated that dioscin significantly suppressed
the ALI-induced IL-1B, IL-6, TNF-a and NF-kB activity,
inhibited MPO, IFN-y and ICAM-1 activity and decreased
COX-2 protein expression in ALI model rats. Wu er al (21)
reported that dioscin suppresses TNF-a-induced vascular cell
adhesion protein-1, ICAM-1 and the NF-«B pathway.

The activation of TLR4 leads the adaptor protein
containing the TIR structure domain in the cells, such as
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MyDS88, to the TLR4 intracellular structure domain (10). Thus,
TLR4-mediated signaling pathways can be divided into the
MyD88-dependent and MyD88-independent ones (22). MyDS88
was originally identified as the members of the 12 myeloid
differentiation initial response genes. MyD88, as the adaptor
protein, can mediate the signal transduction of 10 TLRs fami-
lies (23). MyD88-dependent signaling pathway may be involved
in the injury caused by ischemia reperfusion, aggravating
the organ damage. Some in vivo tests have proved that the
TLR4-mediated MyD88 signaling pathway induces the immune
response in ALI (24). In the present work, dioscin significantly
suppressed TLR4, MyD88 and NF-«kB protein levels in ALI.
Liu et al (25) exhibited that dioscin alleviates alcoholic liver
fibrosis through the TLR4/MyD88/NF-«B signaling pathway in
hepatic stellate cell activation. These data demonstrated that the
anti-inflammatory effect of dioscin on ALI through suppression
of the TLR4/MyD88/NF-kB signaling pathway.

There has been thorough research on the TLR4-mediated
MyDS88 signaling pathways caused by pathogenic microor-
ganisms, but the TLR4-activated ligand, caused by damage,
requires further research (24). It is reported that the endoge-
nous ligand HSP70 and HMGBI can activate TLR2 and TLR4
in the case of no pathogens, causing inflammation (11). HSP is
a stress protein, as well as an endogenous protective material,
and according to the molecular weight, it can be divided into
HSP100, HSP90, HSP70, HSP60, HSP40 and small molecular
weight HSP (26). HSP70 is a highly conserved protein expressed
in the majority of organisms. It is highly expressed following
cellular stress events and exerts protective effects (27). In
addition, it is worth mentioning that inducing and increasing
the expression of HSP70 in lung tissue through the thermal
pretreatment, drug or gene transfer methods can reduce the
animal's ALI inflammatory reaction, apoptosis of lung tissue
and pulmonary edema. Therefore, this improves the blood
oxygen content, reducing the mortality of animals, so that HSP
has a protective effect on ALI (27,28). The current results indi-
cated that dioscin significantly suppressed the ALI-induced
HSP70 protein expression level in ALIL Qi et al (29) suggested
that dioscin inhibits renal ischemia/reperfusion injury via
upregulation of HSP70.

In conclusion, the present results indicated that dioscin
significantly inhibited ALI-induced lung injury score, total
number of alveolar macrophages, water content of lung and
total protein concentration in ALI rats via the inhibition of
inflammation, inhibiting the TLR4/MyD88 signaling pathway
via upregulation of HSP70. The findings suggested the thera-
peutic potential of dioscin for ALI.
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