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Abstract. The present study aimed to investigate the effect 
of tanshinone II, isolated from Salvia miltiorrhiza Bunge, on 
lipopolysaccharide (LPS)‑induced acute lung injury (ALI) in 
rats. Male Sprague‑Dawley rats were divided into three groups: 
Control, LPS and tanshinone II. Animals in the tanshinone II 
and LPS groups were administered 10 mg/kg LPS, whereas 
those in the control group received an equal volume of normal 
saline. Tanshinone II treatment group were injected with 
30 nm/kg tanshinone II at 1 h after LPS administration. The 
results revealed that LPS administration increased the bron-
choalveolar lavage fluid protein concentration significantly 
compared with the control group. However, tanshinone II 
treatment significantly inhibited the LPS‑induced increase in 
protein level. Treatment of the LPS‑administered rats with 
tanshinone II prevented the formation of pulmonary edema, 
which was evidenced by low values for wet to dry lung weight 
ratio. The activity of myeloperoxidase and expression of malo-
ndialdehyde were significantly lower in lung homogenates 
from the tanshinone II group compared with the LPS group. 
Furthermore, tanshinone II treatment inhibited the expres-
sion of tumor necrosis factor‑α and interleukin‑6 in the blood 
plasma. Tissue sections of the tanshinone II group exhibited 
normal morphology and absence of neutrophil accumulation. 
However, in the LPS group, neutrophils accumulated and 
penetrated into the pulmonary tissues. These results suggested 
that tanshinone II protects the rats from LPS‑induced ALI. 
Therefore tanshinone II may have clinical applications in the 
treatment of ALI.

Introduction

Acute lung injury (ALI) is a serious health disorder that leads to 
dysfunction of the respiratory system and has a mortality rate 

of >50% (1). The disease is a clinical challenge for researchers 
worldwide due to the high rate of mortality. The factors 
responsible for inducing ALI include inhalation of the endo-
toxins from gram‑negative bacteria and sepsis. Administration 
of lipopolysaccharide (LPS) has been used to prepare ALI 
animal models for use in numerous studies (2‑6). It has been 
reported that LPS treatment in rats induces inflammatory reac-
tions, leading to the development of injury and ultimately lung 
dysfunction (7). ALI in animals is associated with degenera-
tion of lung tissues, enhancement in the protein concentration 
and fluid, developing into edema and breakage of capillary 
walls (8). LPS administration in rats causes accumulation and 
penetration of neutrophils into pulmonary tissues, which then 
secrete oxidants leading to lung injury (9,10). These findings 
are supported by the fact that treatment of LPS‑administered 
animals with oxidant scavengers can protect against lung 
injury (11).

Natural products have shown potential in the treatment 
of numerous diseases and therefore many of these are used 
either directly as drugs or modified to develop as chemo-
therapeutic agents (12). Danshen (Salvia miltiorrhiza Bunge) 
is used in traditional Chinese medicine for the treatment 
of diseases related to blood flow  (13,14). Phytochemical 
analysis of Danshen plant has led to the isolation of a large 
number of compounds. The major compounds are phenolics 
and diterpenoids, including tanshinone II (15). It is reported 
that tanshinone II is the most biologically active compound 
isolated from Salvia miltiorrhiza (16). Tanshinone II treat-
ment has been reported to cause apoptosis in various types of 
carcinoma cell lines (16,17). The present study was performed 
to investigate the effect of tanshinone II on LPS‑induced ALI 
in rats. The results demonstrated that tanshinone II exhibits 
protective effects against LPS‑induced ALI in rats.

Materials and methods

Chemicals and reagents. Tanshinone II (purity 98%), dimethyl 
sulphoxide (DMSO), LPS and other common chemicals were 
obtained from Sigma‑Aldrich (Merck KGaA, Darmstadt, 
Germany). Stock solution of tanshinone II was prepared in 
DMSO and stored until use in experiments at 10˚C.

Animals. Thirty male Sprague‑Dawley rats (8‑week‑old) 
weighing 200‑220  g were obtained from the Laboratory 
Animal Center, Academy of Military Medical Sciences 
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(Beijing, China). The animals were housed one week before the 
start of experiment under standard laboratory conditions at a 
stable temperature (22‑24˚C), humidity (55+5%) and a 12/12‑h 
light/dark cycle with food and water ad  libitum. Animals 
were maintained as per the guidelines for Care and Use of 
Laboratory Animals of the National Institutes of Health and 
Academy of Military Medical Sciences (18). The study was 
approved by the Ethics Committee of Animal Experiments of 
the Zhumadian Central Hospital, Zhumadian, Henan China. 
Sodium pentobarbital (Bi Biotech India Pvt Ltd, New Delhi, 
India) was used to sacrifice the animals for extraction of lungs.

Treatment strategy. The animals were divided randomly into 
three groups of 10 animals each: Control, LPS and tanshinone II 
groups. Animals in the LPS and tanshinone II groups were 
administered 10 mg/kg body weight LPS intraperitoneally. 
Tanshinone II at a concentration of 30 µg/kg was injected 
intraperitoneally to the animals in the tanshinone II group at 
1 h after administration of LPS. Animals in the normal control 
group received an equal volume of normal saline alone. On 
day 8 after administration of tanshinone II, the animals were 
sacrificed to extract the lungs and collect abdominal aorta 
blood samples. The weight of the lungs was recorded to calcu-
late the lung wet/dry (W/D) ratio in the animals.

Lung W/D ratio. The lung W/D ratio was determined using 
a previously reported protocol (11). Briefly, the lungs were 
extracted, followed by separation of the right lung. The right 
lung was weighed immediately after extraction to determine 
its wet weight followed by drying for 5 min under microwaves 
at low power (200 W) to measure the dry weight. The W/D 
ratio was calculated as follows: W/D=weight wet/weight dry.

Bronchoalveolar lavage. Left lung of the animals was washed 
with normal saline three times (5 min each time) and the 
washing fluid was collected for determination of protein 
concentration. An ELISA protein kit (IL‑6, SEA079Hu; and 
TNF‑α, E90133Hu; Uscn Life Sciences, Inc., Wuhan, China) 
was used to determine the concentration of proteins according 
to manufacturer's protocol.

Analysis of myeloperoxidase (MPO) and malondialdehyde 
(MDA) activities in lung homogenates. Lung tissues were lysed 
using RIPA buffer (Cell Signaling Technology, Inc., Danvers, 
MA, USA) and a DC protein assay (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA) was used for the determination of 
protein concentration in the homogenates. The cellular lysates 
were centrifuged at 15,000 rpm for 15 min at 4˚C, and the 
supernatants were harvested and mixed with loading buffer. 
MPO and MDA activity was determined using MPO ELISA 
kit (cat. no. DRE 30329; Xinfan Biomart Co., Ltd., Shanghai, 
China) and MDA kit (cat. no. ab118970; Abcam; Cambridge, 
UK) respectively, according to the manufacturer's protocols.

Tumor necrosis factor (TNF)‑α and interleukin (IL)‑6 levels 
in blood samples. Blood samples collected from the aortic 
artery in the abdominal region of the rats were anti‑coagulated 
using EDTA. The blood was then centrifuged for 15 min at 
4,000 x g at 0˚C to collect the plasma. The levels of TNF‑α (cat. 
no. RAB0476) and IL‑6 (cat. no. RAB0311; Sigma‑Aldrich; 

Merck KGaA) in the plasma were determined using ELISA 
kits.

RNA interference. The lung tissue samples were transfected 
with siRNA sequences, as described previously  (19). The 
siRNA sequences, 5'‑ACU​UUG​CUG​UAA​CCC​UGUA 
(dTdT)‑3' (sense) and 5'‑UAC​AGG​GUU​ACA​GCA​AAGU 
(dTdT)‑3' (antisense) were used to silence Sirt1 expression.

Western blot analysis. Lung tissues were lysed by treatment 
with RIPA buffer (Cell Signaling Technology, Inc.) for 15 min 
at 0˚C and lysates were centrifuged at 14,000 x g for 20 min 
at 4˚C. The concentration of proteins in tissue lysates was 
detected using the DC™ protein assay (Bio‑Rad, Laboratories, 
Inc., Hercules, CA, USA). The protein samples (10 µg) were 
separated by SDS‑PAGE using 7.5% polyacrylamide gels and 
transferred onto PVDF membranes (Millipore Corp., Bedford, 
MA, USA). The membranes were blocked for 1 h at room 
temperature in 5% non‑fat dry milk in TBS. The membranes 
were then subjected to immunodetection with a 1:1,000 
dilution of respective primary antibodies against MMP9 
(cat. no. 3852), iNOS (cat. no. 2982), IL‑1β (cat. no. 5204), 
IL‑6 (cat. no. 5216) and Sirt1 (cat. no. 2310; dilution 1:500, 
Cell Signaling Technology, Inc.) overnight at 4˚C. Following 
washing, the membranes were incubated with a 1:20,000 
dilution of horseradish peroxidase (HRP)‑conjugated goat 
anti‑rabbit or anti‑mouse secondary antibody (cat. no. 27647; 
Cell Signaling Technology, Inc.) for 1 h at room temperature. 
Antigen‑antibody complexes were visualized with chemilu-
minescence HRP substrate (EMD Millipore, Billerica, MA, 
USA) and LAS‑1000 image analyzer (Fuji Film, Tokyo, Japan).

Histochemical examination. A portion of the right lung 
was exposed to buffered formaldehyde (3%) for 1 h at room 
temperature and then subjected to paraffin embedding. The 
paraffin‑embedded lung tissues were cut into 2‑µm sections, 
followed by staining with hematoxylin and eosin at room 
temperature for 4 h. The paraffin‑embedded lung sections 
were deparaffinized by boiling in xylene followed by rehydra-
tion through a graded ethanol series (Japan Alcohol Trading 
Co., Ltd., Tokyo, Japan). The sections were treated for 15 min 
with 3% hydrogen peroxide solution for quenching the activity 
of endogenous peroxidase. The sections were examined 
under a light microscope and assessed for alterations in lung 
morphology.

Statistical analysis. Data are expressed as the mean ± standard 
deviation. Comparisons among the groups was performed 
using one‑way analysis of variance with the Bonferroni 
post‑hoc test. Statistical analyses were performed using SPSS 
v17 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Tanshinone II inhibits expression of proteins present in 
bronchoalveolar lavage fluid (BALF). Analysis of the 
BALF revealed a significant increase in the protein level in 
LPS‑administered rats compared with the control group 
(Fig. 1; P<0.02). Tanshinone II treatment exhibited a significant 
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(P<0.05) inhibitory effect on the level of proteins in the BALF 
of LPS‑administered rats. The concentration of proteins in 
LPS‑administered rats was reduced to the level of the control 
group at 30 µg/kg concentration of tanshinone II (Fig. 1).

Effects of tanshinone II on lung W/D ratio. The lung W/D ratio in 
the control, LPS and tanshinone II groups were compared. The 
data revealed that LPS administration significantly increased 
the lung W/D ratio compared with the rats in the control group 
(P<0.05; Fig. 2). Treatment of the LPS‑administered rats with 
30 µg/kg concentration of tanshinone II significantly (P<0.02) 
inhibited the increase in lung W/D ratio (Fig. 2). The ratio of 
wet and dry weight in the rats of tanshinone II treatment and 
control groups was nearly similar.

Tanshinone II inhibited MPO activity and MDA level in 
LPS‑administered rats. LPS administration significantly 
enhanced the level of MPO activity in rats compared with those 
in the control group (Fig. 3; P<0.03). Tanshinone II treatment 
of the LPS‑administered rats caused a significant (P<0.02) 
inhibition of LPS‑induced increase in activity of MPO (Fig. 3). 
Analysis of MDA activity indicated a significantly higher level 
in LPS‑administered rats compared with the control group 
(Fig. 3; P<0.03). However, treatment of the LPS‑administered 
rats with 30 µg/kg concentration of tanshinone II caused a 

Figure 1. Effect of tanshinone II on LPS‑induced BALF protein concen-
tration in rats. The experiments were performed in triplicate. *P<0.05 and 
**P<0.02 vs. control group. LPS, lipopolysaccharide; BALF, bronchoalveolar 
lavage fluid.

Figure 2. Effect of tanshinone II on the LPS‑induced ratio of wet to dry lung 
weight in rats. *P<0.02 and **P<0.01 vs. control. LPS, lipopolysaccharide.

Figure 3. Effect of tanshinone II on MPO activity and MDA level in 
LPS‑induced rats. *P<0.05 and **P<0.02 vs. control. MPO, myeloperoxidase; 
MDA, malondialdehyde; LPS, lipopolysaccharide.

Figure 4. Effect of tanshinone II treatment on the expression levels of TNF‑α 
and IL‑6 in the blood samples of LPS‑induced rats. *P<0.05, **P<0.02 and 
***P<0.02 vs. control. TNF, tumor necrosis factor; IL, interleukin; LPS, lipo-
polysaccharide.

Figure 5. Alterations in the lung tissues of LPS‑administered rats. Tissue 
sections were stained with hematoxylin and eosin and examined under a light 
microscope (magnification, x200). LPS, lipopolysaccharide. The black arrow 
indicates accumulation of neutrophils.
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significant (P<0.05) decrease in MDA and reduced its level to 
that observed in the control group (Fig. 3).

Inhibition of TNF‑α and IL‑6 in blood samples of 
LPS‑administered rats by tanshinone II. Blood samples 
collected from the rats were analyzed for the concentration of 
TNF‑α and IL‑6. The results revealed a significant increase 
in the level of TNF‑α (P<0.02) and IL‑6 (P<0.05) on LPS 
administration compared with the control (Fig. 4). However, 
treatment of the LPS‑administered rats with tanshinone II 
markedly reduced the level of TNF‑α and IL‑6 compared with 
the LPS group (Fig. 4).

Tanshinone II exhibits a protective effect against LPS‑induced 
pulmonary alterations. Light microscopy examination of the 
pulmonary tissues revealed accumulation of neutrophils and 
degradation of cells in LPS‑administered animals (Fig. 5). 
Pulmonary tissues were intact without any appearance of 
degradation in the LPS‑administered rats treated with tanshi-
none II. No evident symptoms of LPS administration were 
observed in tanshinone II treated rats (Fig. 5).

Tanshinone II prevents inflammation by targeting Sirt1 
expression. Administration of small interfering RNA 
(siRNA) to inhibit the expression of Sirt1 in rats was 
performed. A marked reduction in the expression of gene 
corresponding to Sirt1 was observed after 48 h of siRNA 
administration (Fig.  6). Inhibition of matrix metallopro-
teinase (MMP)‑9, inducible nitric oxide synthase (iNOS), 
IL‑1β and IL‑6 expression was attenuated after tanshinone 
II treatment was attenuated on administration of rats with 
siRNA corresponding to Sirt1 (Fig. 6).

Discussion

ALI is a serious health problem detected frequently in 
developing countries and the rate of associated mortality 
is very high  (20). The characteristic features of ALI are 
enhanced concentration of proteins, increased lung W/D 
ratio, and accumulation and penetration of neutrophils 
in pulmonary tissues  (21). In the present study, the effect 
of tanshinone II on ALI in an LPS‑induced lung injury rat 
model was analyzed. Administration of LPS induces cellular 
inflammatory processes and subsequent pulmonary injury in 

animals (22,23). The present results demonstrated that LPS 
administration enhanced the concentration of proteins in 
pulmonary fluid of rats. Tanshinone II exhibited an inhibi-
tory effect on the increase of pulmonary protein content in 
LPS‑induced rats. Comparison of the lung W/D ratio in the 
LPS and control group indicated that LPS administration 
caused pulmonary edema in the rats. Treatment of the rats 
with tanshinone II inhibited LPS‑induced lung edema, which 
was evidenced by similar lung W/D ratios in the tanshi-
none II and control groups. Neutrophils secrete an enzyme, 
MMP‑9, which has been demonstrated to induce degradation 
of tissues by producing oxidative species (24). The present 
results revealed that tanshinone II treatment of LPS‑induced 
rats reduced the expression of MMP‑9 in the blood samples. 
These findings were further confirmed by histopathological 
examination of pulmonary tissues in tanshinone II‑treated 
rats. Accumulation of neutrophils and tissue degradation was 
reduced in the LPS‑induced rats treated with tanshinone II. 
The level of MDA in the blood samples of LPS‑induced rats 
was also reduced by treatment with tanshinone II, indicating 
inhibition of peroxidation of membrane lipids (25).

TNF‑α and ILs serve critical functions in proinflamma-
tory activity and have been identified to increase the rate of 
mortality in animals (26). The present results demonstrated 
that tanshinone II treatment in the LPS‑induced rats inhibited 
the expression of TNF‑α and IL‑6 in blood samples. The 
level of these cytokines was significantly promoted in the rats 
on administration of LPS. Inflammatory processes or LPS 
administration induces expression of Sirt1 in cells (27,28). 
In the present study, administration of siRNA against Sirt1 
resulted in a significant reduction in the protein expression 
of Sirt1. Tanshinone II treatment inhibited the expression of 
MMP‑9, iNOS, IL‑1β and IL‑6, and this effect was attenu-
ated by administration of siRNA against Sirt1. These results 
suggest that tanshinone II inhibits LPS‑induced lung injury 
through targeting Sirt1.

In summary, the present study demonstrates that 
tanshinone II inhibits LPS‑induced lung injury in the rats by 
inhibiting TNF‑α and IL‑6 expression through targeting Sirt1. 
It also inhibits the LPS‑induced increase in activity of MPO 
and level of MDA. Therefore, tanshinone II may be of thera-
peutic importance for the treatment of ALI. However, further 
studies need to be performed to understand the mechanism of 
action of tanshinone II clearly.

Figure 6. Tanshinone II prevents inflammation through targeting Sirt1 in LPS‑induced rats. Lung tissues were transfected with siRNA targeting Sirt1. The 
expression of MMP‑9, iNOS, IL‑1β and IL‑6 proteins in the lung tissues of rats was examined using western blot analysis. LPS, lipopolysaccharide; Tanshi. II, 
tanshinone II; siRNA, small interfering RNA; MMP, matrix metalloproteinase; iNOS, inducible nitric oxide synthase; IL, interleukin.
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