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group which (P<0.05, Figure 5). These results 
indicate that TSS could further activate the tis-
sue autophagic level.

Discussion

The major finding of our present study is that 
TSS has anti-cell infiltration, anti-inflammation 
effects, as well as activation of autophagy in 

response to LPS insult, but has no effect on 
edema.

ALI, one complication of sepsis, is still a major 
and increasing cause of mortality and morbidi-
ty throughout the world [30, 31]. Researchers 
are trying to explore the reliable therapy to over-
come this worldwide problem. New drugs to 
prevent lung tissue damage in ALI is one neces-

Figure 3. Expression TNFα, IL-1β and IL-6 in lung tissue. A. mRNA of TNFα expression. B. mRNA of IL-1β expression. 
C. mRNA of IL-6 expression. D. Protein content of TNFα. E. protein content of IL-1β. F. Protein content of IL-6. LPS: 
Lipopolysaccharide; TSS: Tanshinone IIA sodium sulfonate. Blank column indicates control group, dot column indi-
cates LPS treatment at all observed time points, diagonal column indicates TSS pretreatment at all observed time 
points, n=10 in each group. Each bar presents the mean ± SEM. *P<0.05 vs. control group. ΔP<0.05 vs. LPS group 
at each corresponding time point.
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sary treatment. Among all of the drugs, TSS has 
been explored to protect LPS-induced lung 
injury in rats [32]. Later, it has been reported to 
played an important role in the prevention 
against LPS-induced ALI in mice [21]. As evi-
denced by reduction of lethality and the 
improvements of lactate dehydrogenase (LDH) 
content (one index for lung injury), as well as 
significantly suppressed LPS-induced lung 
edema [21]. However, our present study dem-
onstrated that LPS-induced lung edema is time 
dependent under present ALI model, which 
occurs only at the early time (less than 12 
hours). Under such circumstance, our results 
showed that TSS did not exert any protective 
effect on LPS-induced lung edema, on the con-

trary, it could accelerate the occurrence of lung 
edema in response to LPS stimulation (Figure 
1). This discrepancy between our observation 
with previous may be due to the different mod-
els (female Kun-Ming mice in previous study 
and male C57 mice in our observation) and dif-
ferent degree of severity (50 mg/kg in previous 
study and 10 mg/kg in our observation) of ALI 
induced by LPS. Therefore, effects of TSS on 
ALI, especially on the lung edema is still ques-
tionable, further investigation is still needed.

It is well-known that the pathologic process of 
ALI involves the infiltration of inflammatory cells 
into lungs, which released large amounts of 
inflammatory cytokines, leading to increased 

Figure 4. Expression of autophagic markers Beclin-1 and LC3. A. mRNA expression of Beclin-1 in each group. B. 
mRNA expression of LC3 in each group. C. Protein expression of Beclin-1 in each group, upper is the representative 
blots of Beclin-1 and GAPDH; lower is the densitometric analysis of Beclin-1 expression normalized to GAPDH. D. 
Protein expression of LC3 in each group, upper is the representative blots of LC3; lower is the densitometric analy-
sis of LC3 expression normalized to GAPDH. LPS: Lipopolysaccharide, TSS: Tanshinone IIA sodium sulfonate. Blank 
column indicates control group, dot column indicates LPS treatment at all observed time points, diagonal column 
indicates TSS pretreatment at all observed time points, n=10 in each group. Each bar presents the mean ± SEM. 
*P<0.05 vs. control group. ΔP<0.05 vs. LPS group at each corresponding time point.
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capillary permeability and interstitial edema  
[2, 3]. Solid evidence has demonstrated that 
inhibition of release of inflammatory cytokines 
could ameliorate the development of ALI. Since 
TSS has been reported to have anti-inflamma-
tory property [33, 34], based on the pathogen-
esis of ALI, it is reasonable to apply TSS as an 
anti-inflammatory drug. Previous study all dem-
onstrated that TSS could inhibit LPS-induced 
cell infiltration, expression of inflammatory 
effects both in rat [32] and mice model [21], 
and TSS may promote hypoxia-inducible fac- 
tor-1α protein degradation via the proteasom- 
al pathway in LPS-stimulated macrophages, 
thereafter suppress expression of inflammato-
ry factors, such as TNF-α, IL-6 and IL-1β [22]. 
Our present study also demonstrated that TSS 
could markedly suppress LPS induced cell infil-
tration in lung tissue at all observed time 
points, which is consistent with previous stud-
ies. However, although our results also showed 
LPS increased both mRNA and protein expres-
sions of inflammatory factors, such as TNF-α, 
IL-6 and IL-1β at all observed time points, but 
marked inhibitory effects of TSS only was 
observed on the expression of IL-6, but not 
expression of inflammatory factors, such as 
TNF-α and IL-1β. This discrepancy may be due 
to different tissues or models. In the present 
study we used male C57 mice and other stud-
ies used rat or female Kun-Ming mice, and we 
checked these inflammatory factors in the lung 
tissues and other study checked these factors 

in macrophages or serum. Our present study at 
least supported that TSS has certain anti-
inflammatory in LPS-induced ALI.

Autophagy is one of the innate immune de- 
fense mechanisms against microbial challeng-
es. Previous in vitro and in vivo models of sep-
sis demonstrated that autophagy was activat- 
ed initially in sepsis, followed by a subsequent 
phase of impairment [35]. Role of autophagy in 
sepsis is well reviewed recently [36], and 
authors proposed that autophagy plays a pro-
tective role in sepsis according to the exist- 
ing evidence [37, 38], although contradictory 
findings also have been reported [39, 40], and 
they concluded that autophagy increases tran-
siently upon encounter of septic insult, this ini-
tial increase is followed by a prolonged decline 
of autophagic flux, contributing to organ dys- 
function.

Experimental induction of autophagy by rapa- 
mycin and activated protein C protects against 
sepsis-induced acute lung injury by mitigat- 
ing apoptosis and pro-inflammatory cytokine 
[41]. In addition, it has been reported that the 
protective effect of GAPDH (glyceraldehyde-
3-phosphate dehydrogenase) against sepsis-
related lung injury is mediated by ATG12-
dependent autophagy enhancement [42, 43]. 
Our present study observed that autophagic 
level is continuously elevated in response to 
LPS stimulation, at least lasting for 12 hours, 
results did not show any suppression of au- 

Figure 5. Autophagosome formation in each group. A. Representative transmission electron microscope images of 
each group, black arrows indicate autophagosome. B. Number of autophagosomes in each group. LPS: Lipopolysac-
charide, TSS: Tanshinone IIA sodium sulfonate. Blank column indicates control group, dot column indicates LPS 
treatment at all observed time points, diagonal column indicates TSS pretreatment at all observed time points, 
n=10 in each group. Each bar presents the mean ± SEM. *P<0.05 vs. control group. ΔP<0.05 vs. LPS group at each 
corresponding time point.
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