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Tanshinone IIA protects rabbits against LPS-induced 
disseminated intravascular coagulation (DIC) 
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Aim: To evaluate the effects of tanshinone IIA (Tan IIA), a lipophilic diterpene from the Chinese herb Salvia miltiorrhiza, on 
lipopolysaccharide (LPS)-induced disseminated intravascular coagulation (DIC) in rabbits.
Methods: LPS-induced DIC model was made in adult male New Zealand rabbits by continuous intravenous infusion of LPS (0.5 mg/kg) 
via marginal ear vein for 6 h. The animals were simultaneously administered with Tan IIA (1, 3 and 10 mg/kg) or heparin (500 000 
IU/kg) through continuous infusion via the contralateral marginal ear vein for 6 h. Before and 2 and 6 h after the start of LPS infusion, 
blood samples were taken for biochemical analyses.
Results: Continuous infusion of LPS into the rabbits gradually impaired the hemostatic parameters, damaged renal and liver functions, 
increased the plasma TNF-α level, and led to a high mortality rate (80%). Treatment of the rabbits with Tan IIA dose-dependently 
attenuated the increase in activated partial thromboplastin time (APTT), prothrombin time (PT) and fibrin-fibrinogen degradation 
products (FDP); ameliorated the decrease in plasma levels of fibrinogen and platelets; and reversed the decline in activity of protein 
C and antithrombin III. Meanwhile, the treatment significantly suppressed the increase in the plasma levels of aminotransferase, 
creatinine and TNF-α, and led to much lower mortality (46.7% and 26.7% for the medium- and high-dose groups). Treatment of the 
rabbits with the high dose of heparin also effectively improved the hemostatic parameters, ameliorated liver and renal injuries, and 
reduced the plasma level of TNF-α, and significantly reduced the mortality (33.3%).  
Conclusion: Tan IIA exerts a protective effect against DIC in rabbits.
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Introduction
Disseminated intravascular coagulation (DIC) is an acquired 
syndrome characterized by the activation of intravascular 
coagulation and subsequent intravascular fibrin formation.  It 
occurs secondary to an underlying disorder such as cancer, 
trauma, or infection.  DIC frequently results in organ failure 
because numerous microthrombi form in the organ, creat-
ing a disturbance in the microcirculation[1, 2].  This process is 
a serious health hazard and is a cause for the poor prognosis 
in cases of DIC.  The basic pathological mechanism of DIC 
includes the spread of microvascular thromboses and the 
excessive release of pro-inflammatory cytokines such as tumor 
necrosis factor alpha (TNF-α)[3].  Current clinical trials aim at 
an interruption of the “latent coagulation” in DIC by admin-
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istering coagulation inhibitors such as heparin, which depend 
on activating the antithrombin (AT) in plasma; however, in 
DIC, AT is also consumed, so the anticoagulant effect of hepa-
rin could be limited[4].  

Chinese herbs have been widely used to treat inflammatory 
and thrombotic diseases throughout history.  The dried root, or 
rhizome, of Salvia miltiorrhiza is officially listed in the Chinese 
Pharmacopoeia (Pharmacopoeia Commission of the People’s 
Republic of China, 2000) for the treatment of inflammation and 
cardiovascular diseases, including thrombolytic diseases[5, 6].  
Tanshinone IIA (Tan IIA) is a lipophilic diterpene compound 
found as a marker component in Salvia miltiorrhiza.  Previous 
pharmacological studies indicated that Tan IIA could inhibit 
platelet aggregation[7], suppress LPS-induced TNF-α release[8], 
and inhibit thrombus formation[9].  Furthermore, our previous 
study also found that an injection of a compound Salvia 
miltiorrhiza injection could have a protective effect on LPS-
induced DIC in rabbits[10].  These research advances suggested 
that Tan IIA may be an attractive agent for the treatment of 
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DIC.
Although many of the properties of Tan IIA are known, 

there are few studies investigating its effects on DIC.  In this 
study, we found that Tan IIA protected against LPS-induced 
DIC through its anticoagulation activity and its inhibition of 
TNF-α.

Materials and methods
Reagents
Sodium tanshinone IIA sulfonate (Tan IIA, C19H17NaO6S, 
purity 99.0%) was purchased from Topharman Shanghai Co 
Ltd (Shanghai, China).  The solution of Tan IIA was freshly 
prepared before use.  Lipopolysaccharide (LPS) and heparin 
were purchased from Sigma (St Louis, USA).  A TNF-α ELISA 
kit was purchased from RapidBio Lab (Calabasas, USA).  The 
reagent packs for the activity assays of antithrombin III (ATIII) 
and protein C were obtained from Sun Biotechnology Com-
pany (Shanghai, China).  All other reagents were of analytical 
grade and obtained from commercial sources.

Animals
Adult male New Zealand white rabbits (weighing 2–3 kg, 
Grade II) were supplied by the Experimental Animal Center of 
Zhongshan Medical College, Sun Yat-sen University, China.

Experimental models and drug treatments
All animal experiments were conducted in accordance with 
the National Research Council Guide for the Care and Use of 
Laboratory Animals and were approved by the Sun Yat-sen 
University Animal Care and Use Committee (Guangzhou, 
China).

Animals were anesthetized by an intramuscular injection of 
30 mg/kg of ketamine hydrochloride, followed by intramuscu-
lar supplements of 10 mg/kg of ketamine hydrochloride given 
2 h, 4 h, and 6 h after the start of the ketamine infusion.  DIC 
experimental models were performed according to the previ-
ous report [11] and were induced by infusing an LPS solution 
(0.5 mg/kg of LPS into 60 mL of saline) at a rate of 10 mL/h 
through the marginal ear vein of the rabbits over a period of 
6 h.  The LPS control group was infused with 60 mL of saline 
solution.  Treatments were started through the contralateral 
marginal ear vein simultaneously with the LPS infusion.  

Twelve different treatment groups were established, 6 con-
taining 10 animals each (for the measurement of biochemical 
indexes and TNF-α) and 6 containing 15 animals each (for the 
measurement of survival rate).  Within each set of 6, treatment 
groups were given either 1, 3, or 10 mg/kg of Tan IIA (low-, 
medium-, or high-dose, respectively) in 60 mL of saline solu-
tion over a period of 6 h (a solution infusion rate of 10 mL/h).  
The heparin control group was infused with 500 000 IU/kg of 
heparin in 60 mL of saline solution over a period of 6 h.  The 
additional rabbits, which were given neither LPS nor Tan IIA, 
were infused with 60 mL of saline solution (10 mL/h) through 
both marginal ear veins.  

Biochemical analyses
Blood samples of 1 mL were taken immediately before LPS 
infusion and at 2 h and 6 h after the start of the infusion.  The 
activities of ATIII and protein C were measured according 
to the reagent pack instructions based on chromogenic sub-
strates.  An automatic analyzer (Sysmex SE-9500, Sysmex 
CA 1500, Japan) was used to determine the activated partial 
thromboplastin time (APTT) and, prothrombin time (PT), as 
well as the plasma levels of platelets, fibrinogen and fibrin-
fibrinogen degradation products (FDP).  A 7170A automatic 
analyzer (HITACHI, Japan) was used to detect the plasma 
levels of alanine aminotransferase (ALT, the marker of liver 
injury) and creatinine (Cr, the marker of renal injury).  

Measurement of TNF-α concentration
One milliliter of each rabbit’s plasma was collected in a tube 
and stored at -20 °C until assayed.  The concentrations of 
TNF-α in the animal plasma samples were determined using 
an ELISA kit.  

Measurement of survival rate
After the experiment, animals were allowed to recover from 
anesthesia with access to food and water ad libitum.  The 24-h 
survival rate in the different groups was recorded.

Data analyses
Differences between group data were evaluated for 
significance using either a non-parametric test (the Kruskal-
Wallis H test) or two-way repeated measures.  The repeated 
measures analysis of variance was used for the multivariate 
analyses.  All experiments were repeated at least three times, 
and the data were presented as the mean±SD unless otherwise 
noted.  Data of the activities of ATIII and protein C and the 
concentration of ALT and Cr at 2 h and 6 h were converted 
to percentages, with a value of 100% assumed for basal data.  
Survival curves of LPS-induced DIC were analyzed by the 
Kaplan-Meyer log-rank test.  Differences with P values of less 
than 0.05 were considered to be statistically significant.  

Results
Protective effects of Tan IIA on LPS-induced DIC
We investigated the protective effects of Tan IIA on LPS-
induced DIC using a rabbit model, a clinically relevant ani-
mal model for human DIC[12].  Twenty percent (3/15) of the 
rabbits infused with LPS survived 24 h following the start of 
the experiment.  Tan IIA treatment was started simultane-
ously with LPS induction of DIC.  Our results showed that 
the Tan IIA treatment significantly increased the survival 
rate (P<0.05, compared with the LPS control group, Figure 1).  
Eight of fifteen rabbits (53.3%) survived in the medium-dose 
of Tan IIA-treated group, and eleven of fifteen rabbits (73.3%) 
survived in the high-dose Tan IIA-treated group.  Heparin, the 
agent clinically used in DIC therapy, increased the survival 
rate from 20% to 66.7%.  All of the animals in the sham group 
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without LPS survived (data not shown).

Effects of Tan IIA on biochemical and pathological damages in 
LPS-induced DIC
To further elucidate the outcome of Tan IIA on DIC induced 
by LPS, we systematically investigated the biochemical and 
pathological effects using a rabbit model.  Table 1 summarizes 
the plasma APTT, PT, platelet counts, fibrinogen levels, and 
FDP levels as well as the activities of protein C and ATIII for 
all the groups — normal rabbits, LPS-induced DIC rabbits, 
Tan IIA-treated rabbits and heparin-treated rabbits.  The val-
ues of APTT, PT, and FDP for the LPS-induced DIC rabbits 
were all significantly higher than those for the normal rabbits 
(P<0.05, Table 1); however, the values of both fibrinogen and 

platelet counts and the activities of protein C and ATIII were 
significantly lower than those for the normal rabbits (P<0.05, 
Table 1).  The infusions of both Tan IIA and heparin signifi-
cantly attenuated the increased APTT, PT, and levels of FDP as 
well as the decreased levels of fibrinogen and platelets; treat-
ment also improved the decreased activities of protein C and 
ATIII (P<0.05, compared with the LPS control group, Table 1).  
Furthermore, the infusion of heparin significantly moderated 
the increased APTT and PT at 6 h along with the decreased 
platelet counts at 2 h and 6 h when compared with the low-
dose Tan IIA-treated group (P<0.05, Table 1).  

Effects of Tan IIA on liver and renal injury in LPS-induced DIC
We investigated the effects of Tan IIA on liver and renal inju-
ries in LPS-induced DIC rabbits.  The plasma levels of ALT, 
an indicator of liver injury, were increased by LPS infusion.  
However, the levels of ALT were significantly lower in Tan 
IIA- and heparin-treated rabbits (P<0.05, compared with the 
LPS control group, Figure 2).  A similar finding was observed 
in the plasma levels of Cr, which is an indicator of renal injury.  
An increase in Cr levels was observed in the LPS group, which 
was significantly suppressed by both Tan IIA and heparin 
(P<0.05, compared with the LPS control group, Figure 3).  Fur-
thermore, the infusion of heparin significantly suppressed the 
increased plasma levels of ALT and Cr at 6 h compared with 
the low-dose Tan IIA-treated group (P<0.05, Figure 2, 3).

Effect of Tan IIA on TNF-α in vivo
TNF-α is an important inflammatory marker and generally 
increases significantly during the early period of DIC.  There-
fore, we tested whether Tan IIA had any effect on the plasma 
levels of TNF-α.  Rabbits were injected with 0.5 mg/kg of LPS, 
and the levels of TNF-α were dramatically increased at 1, 4, 
8, and 12 h (P<0.05, compared with normal rabbits, Figure 4).  
However, the infusions of 1, 3, and 10 mg/kg of Tan IIA sig-

Table 1.  Hemostatic and inflationary parameters 2 and 6 h after LPS infusion into rabbits in different treatment groups.  Data are presented as the 
mean±SD.  n=10.  bP<0.05 vs the LPS control group.  eP<0.05 vs the normal control group.  

  Group	           Time (h)         APTT (s)	           PT (s)            Platelets (*109/L)    Fibrinogen (g/L)    FDP (μg/L)           Protein C (%)              ATIII (%)
 
Normal	 2 h	 14.32±2.01b	   5.27±0.76b	 447.72±30.58b	 4.35±1.27	     <0.05b	 103.34±4.77b	 101.53±4.72
	 6 h	 15.75±1.46b	   5.83±0.56b	 442.67±36.18b	 4.83±1.56b	     <0.05b	   98.91±5.03b	   98.75±4.56b

LPS-control	 2 h	 33.72±5.83e	 10.54±2.18e	 253.62±38.39e	 3.08±0.76	 73.5±17.8e	   55.57±14.32e	   84.72±16.78
	 6 h	 82.41±10.57e	 19.30±4.86e	 163.72±20.57e	 1.44±0.38e	 98.3±20.2e	   41.63±13.08e	   52.40±15.51e

Tan IIA 	
Low-dose	 2 h	 24.38±6.19be	 10.37±2.07e	 308.71±42.46be	 4.08±1.06	 45.3±11.3be	   79.16±18.67be	   86.38±12.19
(1 mg/kg)	 6 h	 53.51±5.43be	 13.68±4.51be	 230.49±40.76be	 2.35±0.50be	 69.7±20.6be	   70.36±11.54be	   72.62±16.92be

Medium-dose	 2 h	 19.24±1.86be	   6.34±1.37b	 380.27±38.15be	 4.06±1.31	 30.6±10.1be	   83.25±16.42be	   89.42±12.81
(3 mg/kg)	 6 h	 30.13±4.92be	   8.65±1.92be	 374.84±32.10be	 3.17±0.72be	 60.2±12.4be	   85.61±16.46b	   90.62±14.17b

High-dose	 2 h	 15.96±1.78be	   5.67±1.08b	 415.24±41.78b	 4.12±1.58	  27.3±8.1be	   87.46±17.37b	   90.18±10.05
(10 mg/kg)	 6 h	 28.67±4.26be	   6.02±0.94b	 383.76±30.19be	 3.45±1.17be	 51.7±7.9be	   84.01±15.42b	   98.73±7.69b

Heparin-control	 2 h	 18.58±2.11be	   7.67±1.46be	 401.17±28.63b	 3.97±1.46	 34.3±10.8be	   78.62±18.23be	   89.54±11.36
	 6 h	 34.64±3.07be	   7.82±1.85be	 386.37±20.43be	 3.31±0.85be	 52.2±11.4be	   79.66±14.35be	   88.68±10.94b

Figure 1.  The protective effect of Tan IIA on LPS-induced DIC rabbits.  
DIC was induced by LPS.  1, 3, and 10 mg/kg Tan IIA and 500  000 
IU/kg heparin was administered simultaneously with LPS by intravenous 
injection.  Survival was monitored on over 24 h.  bP<0.05 vs the LPS 
control group; (n=15).
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nificantly reduced the increased plasma levels of TNF-α at 
each of those time points (P<0.05, compared with normal rab-
bits, Figure 4).  An infusion of 500 000 IU/kg of heparin also 
significantly reduced the increased plasma levels of TNF-α at 
1, 4, 8, and 12 h (P<0.05, compared with the LPS control group; 
P<0.05, compared with the low-dose Tan IIA-treated group, 
Figure 4).  

Discussion	
LPS, a constituent of the outer membrane of gram-negative 
bacteria, is a major pathogenic factor contributing to the initia-
tion of life-threatening DIC, which occurs often in intensive 
care unit patients.  Induction of DIC leads to the generation 
of pro-inflammatory cytokines by monocytes and endothelial 
cells, which in turn activate coagulation and fibrinolytic path-
ways[13].  In this study, an infusion of LPS resulted in the typi-
cal changes of DIC: a significant increase in APTT, PT, FDP 
levels, and TNF-α levels; a severe decrease in the activities of 
ATIII and protein C; a decrease in the levels of fibrinogen and 
platelets; and a high mortality rate, which was consistent with 
our previous results[10].  

In this study, we reported that Tan IIA had a significant 
protective effect against the lethal effects of LPS-induced 
DIC in rabbits.  Using this rabbit model of DIC, we found 
that all 3 doses of Tan IIA administered could not only 
improve the biochemical signs of DIC but could also amelio-
rate organ injury and decrease the mortality of LPS-treated 
animals (P<0.05).  This dramatic benefit was further verified 
by a significant reduction in the levels of TNF-α observed in  
Tan IIA-treated rabbits.  

The hallmark of the coagulation disorder in DIC is the 
imbalance between intravascular fibrin formation and its 
removal.  The serious reduction in anticoagulant capacity and 
the inhibition of fibrinolysis result in a massive activation of 
coagulation, finally leading to overwhelming fibrin formation 
and the consumption of clotting factors and inhibitors.  Abun-
dant intravascular fibrin formation leads to microvascular 
thrombosis, which contributes to the development of multiple 
organ failure[14].  

To investigate whether the coagulation process was altered 
in Tan IIA-treated animals, we first measured the APTT and 
PT to evaluate the intrinsic and extrinsic pathways of coagula-
tion, respectively.  It was observed that the infusion of Tan IIA 
induced a decrease in PT and APTT when compared to the 
LPS control group.  Platelet aggregation is one of the impor-
tant triggers of blood coagulation in the pathologic thrombo-
sis associated with DIC[15].  DIC produces massive thrombin, 
stimulates platelet aggregation and triggers the blood coagu-
lation cascades.  Those cascades result in a lowering of the 
blood’s platelet counts and its fibrinogen level, enhancing the 
FDP concentration and prolonging both PT and APTT.  The 
procoagulant environment predisposes the animals to develop 
excessive microthrombi and increases the consumption of 
platelets and fibrinogen.  Thus, we also measured platelet 
counts, fibrinogen concentrations, and FDP, which were the 
useful parameters in diagnosing DIC.  It was observed that 

Figure 3.  Effect of Tan IIA 1, 3, and 10 mg/kg on the plasma levels of Cr 
in LPS-induced DIC rabbits.  Blood samples were taken immediately before 
LPS infusion and 2 h, 6 h after the start of the infusion. An automatic 
analyzer detected the plasma levels of Cr.  Results of Cr at 2 h and 6 h 
were converted to percentages assuming a value of 100% for basal data.  
Values are expressed as the mean±SD.  percent of the initial value before 
LPS infusion.  bP<0.05 vs DIC group.  n=10.

Figure 4.  Effect of Tan IIA on the plasma levels of TNF-α in LPS-induced 
DIC rabbits.  n=10.  bP<0.05 vs the LPS control group.

Figure 2.  Effect of Tan IIA 1, 3, and 10 mg/kg on the plasma levels of 
ALT in LPS-induced DIC rabbits.  Blood samples were taken immediately 
before LPS infusion and 2 h, 6 h after the start of the infusion.  An 
automatic analyzer detected the plasma levels of ALT.  Results of ALT at 2 
h and 6 h were converted to percentages assuming a value of 100% for 
basal data.  Values are expressed as the mean±SD percent of the initial 
value before LPS infusion.  bP<0.05 vs the LPS control group; n=10.
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an infusion of Tan IIA could improve all of these parameters 
when compared with the LPS control group.  In our previous 
study, we found that an injection of a compound from Salvia 
miltiorrhiza could have a protective effect on LPS-induced DIC 
in rabbits.  These current results suggested that the increase in 
the activation times of the extrinsic and intrinsic coagulation 
pathways was related to a delay in the coagulation process, 
which in turn was due to a slowing of fibrin clot formation 
and an inhibition of platelet aggregation (as shown by the 
improvement in platelet numbers).  

The initial decrease in protein C and/or ATIII levels may 
have particular prognostic significance for the clinical man-
agement of DIC, which has an almost absolute lethality[16, 17].  
In this study, the improvements in protein C and ATIII activ-
ity by the infusion of Tan IIA were remarkable among the 
observed coagulation-related parameters.  The chief cause of 
protein C and ATIII deficiency in LPS-induced DIC is not a 
decrease in production but an increase in consumption due 
to the enhanced generation of thrombin.  The antithrombotic 
and/or anticoagulant effect of Tan IIA would reduce the 
consumption of coagulation factors during the development 
of DIC.  Lastly, we also observed that Tan IIA significantly 
attenuated both the increased APTT and PT and the decreased 
plasma levels of platelets and fibrinogen as well as treatment 
with heparin.  

Abundant evidence has shown that inflammation and 
thrombosis are closely related during DIC.  Severe inflam-
mation can both induce coagulation and lead to disturbances 
of coagulation.  Severe coagulation dysfunction can promote 
further inflammation, causing increased morbidity and 
mortality[18, 19].  Among proinflammatory cytokines, TNF-α 
is the trigger of an inflammatory cascade and is thus crucial 
in local and distant organ injury; its levels also correlate well 
with the severity of DIC[20, 21].  In the present study, Tan IIA 
reduced the TNF-α levels in LPS-induced DIC rabbits.  These 
results could suggest one of the main mechanisms of action of 
Tan IIA against DIC.

As the onset of multiorgan dysfunction syndrome has been 
shown to forecast mortality in patients with DIC, the protec-
tion of organs, particularly the liver and kidney, is important 
in DIC treatment[22].  In the present study, we demonstrated 
that Tan IIA had a protective effect on LPS-induced DIC in 
rabbits by ameliorating organ dysfunction.  Two possible 
mechanisms are implicated in these favorable results.  First, 
the effect of Tan IIA on biochemical plasma levels may be a 
consequence of its effect of improving blood flow to organs; 
we observed that plasma levels of ALT and Cr, which were 
increased by LPS infusion, were significantly decreased in Tan 
IIA-treated animals.  Second, Tan IIA has been shown to have 
an anti-inflammatory result through its proteolytic effect on 
TNF-α, which is the critical mediator of LPS-induced organ 
failure.  Taken together, these two actions of Tan IIA have a 
favorable therapeutic effect on LPS-induced DIC rabbits.

We also analyzed the effects of heparin on LPS-induced DIC 
in rabbits.  The traditional anticoagulant heparin, especially 
at high therapeutic dosages, is effective in interrupting 

intravascular clotting in cases of acute DIC, which confirms the 
results of clinical studies in humans as well as experimental 
studies on rats and rabbits[23, 24].  In the present study, a high 
dose of heparin (500 000 IU/kg) was used for modulation of 
the DIC process and aided in prevention as well as treatment.  
When rabbits were treated with heparin alone, hemostatic 
parameters were improved, liver and renal injuries were 
ameliorated, mortality was significantly reduced, and the 
concentration of TNF-α was reduced.

In conclusion, Tan IIA may have protective effects on DIC 
by reducing coagulation, aiding the breakdown of TNF-α, and 
ameliorating organ dysfunction.  Our study indicated that 
Tan IIA could be a good candidate for the development of new 
agents to fight against DIC.  However, we emphasize that the 
true utility of Tan IIA in combating DIC will require further 
direct testing through clinical trials.
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