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Abstract. Tanshinone IIA is extracted from the root of 
Salvia miltiorrhiza and used in traditional Chinese medicine 
for its anti-inflammatory activity and antioxidant effects. 
The aim of the present study was to investigate the potential 
protective effects of tanshinone IIA against fibrosis in a rat 
model of cirrhosis and to elucidate the underlying mecha-
nisms. Male Sprague Dawley rats were used as the model of 
cirrhosis in the present study. In the cirrhotic rats, the extent 
of fibrosis, levels of alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST), heme oxygenase-1 (HO-1) 
protein expression, serum levels of nuclear factor (NF)-κB, 
tumor necrosis factor-α (TNF-α), interleukin (IL)-1β and 
IL-6, superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GSH-PX), and the protein expression 
levels of phosphorylated-p38 mitogen-activated protein kinase 
(MAPK) were all significantly increased. However, the serum 
malondialdehyde (MDA) activity and protein kinase B (Akt) 
protein expression were suppressed in cirrhotic rats compared 
with the sham (control) group. Compared with the cirrhotic 
group, administration of tanshinone IIA reduced the extent 
of fibrosis, levels of ALT and AST, HO‑1 protein expression, 
serum NF-κB, TNF-α, IL-1β and IL-6 levels, and the activity 
of SOD, CAT and GSH-PX. Furthermore, administration 
of tanshinone IIA significantly increased the inhibition of 
the serum MDA activity and the Akt protein expression in 
cirrhotic rats compared with those in the cirrhotic group. The 
protective effect of tanshinone IIA suppresses fibrosis in a rat 
model of cirrhosis, and reduces inflammation and oxidative 
stress, via the HO-1, Akt and p38 MAPK signaling pathway. 

Introduction

Between 1980 and 2010, liver cirrhosis was associated with 
the mortality of ~1 million people and accounted for 2% of 
all mortalities worldwide (1). In developed countries, liver 
cirrhosis is the fifth highest cause of mortality each year (2). 
Various factors result in liver cirrhosis, however, hepatitis B 
viral infection and alcohol consumption are the predominant 
causes. The incidence of cirrhosis varies widely with country, 
region and age group. Western countries account for more 
than two-thirds of liver cirrhosis, predominantly resulting 
from hepatitis B infection, and the incidence is rising each 
year (3,4).

Heme oxygenase-1 (HO-1) is an enzyme that regulates 
heme catabolism. The enzyme breaks down hemoglobin or 
other heme‑containing proteins to biliverdin, which is eventu-
ally catabolized into bilirubin (5). Release of iron ions in the 
process generates carbon monoxide (CO). CO and nitric oxide 
are important messenger molecules in the body, involved in 
a variety of pathophysiological processes in disorders of the 
cardiovascular, respiratory, nervous and digestive systems (6). 
HO-1 is an inducible heme oxidase, under physiological 
conditions it is predominantly distributed in the spleen, 
liver, bone marrow and in the reticuloendothelial system (7). 
During inflammation, white blood cells such as macrophages, 
neutrophils and polymorphonuclear cells are observed (8). 
HO-1 is a type of heat shock protein and expression levels 
of HO-1 increase in the presence of heavy metal, endotoxins 
and certain hormones, and under conditions of oxidative 
stress, inflammation, lack of oxygen, heat shock and cytokine 
expression (9).

Screening of therapeutic agents from medicinal plants is a 
major form of novel drug development. Tanshinone IIA is one 
of the active components of Salvia miltiorrhiza, it has various 
possible pharmacological effects, in addition to a traditional 
role in the regulation of menstrual function and removal of 
pain from blood pooling. Recently, tanshinone IIA has been 
hypothesized to have a wide array of clinical applications, 
including antioxidant, antibacterial, and anti‑inflammatory 
effects, in addition to reducing blood viscosity, inhibition of 
blood coagulation and platelet aggregation, promotion of fibri-
nolysis, and thrombotic and thrombolytic effects. It protects 
the liver, exhibits anti‑tumor activity, regulates immune 
function, and increases resistance to diabetic microvascular 
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complications (10-12). The present study aimed to investigate 
whether tanshinone IIA reduces fibrosis in a rat model of 
cirrhosis via reduced HO‑1 activity and reduced inflammation, 
oxidative stress and apoptosis.

Materials and methods

Reagents and instruments. The purity of tanshinone IIA 
(Sigma‑Aldrich, St. Louis, MO, USA) was >97%, and its struc-
ture is presented in Fig. 1. Nuclear factor (NF)-κB (ml003404), 
tumor necrosis factor-α (TNF-α; ml001543), interleukin 
(IL)-1β (ml003549), IL-6 (ml002828), superoxide dismutase 
(SOD; ml022368), malondialdehyde (MDA; ml016824), cata-
lase (CAT; ml026352) and glutathione peroxidase (GSH‑PX; 
ml026404) enzyme‑linked immunosorbent assay (ELISA) 
kits were obtained from Nanjing KeyGen Biotech. Co., Ltd. 
(Nanjing, China).

Animals. The experimental procedures were approved by the 
Animal Care and Use Committee of Ningbo No. 2 Hospital 
(Ningbo, China). A total of 50 male Sprague Dawley (SD) 
rats (weight, 250‑300 g; age, 8‑9 weeks) were obtained from 
Hangzhou Huaan Biotechnology Co., Ltd. (Hangzhou, China), 
and were housed in individual cages in an appropriate envi-
ronment (24±2˚C, 50‑70% humidity, 12‑h light/dark cycle). All 
rats had ad libitum access to food and water.

Rat model of cirrhosis. SD rats were anesthetized by intra-
peritoneal injection with 10 mg/kg xylazine and 100 mg/kg 
ketamine hydrochloride (Jiangsu Hengrui Medicine Co., Ltd., 
Jiangsu, China). Under anesthetic, SD rats underwent double 
ligation following exposure of the left suprarenal vein. All rats 
were provided with drinking water with 0.03% thioacetamide 
(TAA) solution (Macklin Reagent Co., Ltd., Shanghai, China). 
The body weight of SD rats was monitored and controlled; if 
the body weight had increased by 10‑20 g following 1 week of 
treatment with TAA, the concentration of TAA solution was 
increased by 50%. Conversely, if the body weight of the rats had 
decreased by 10‑20 g after 1 week, the concentration of TAA 
solution was reduced by 50%. SD rats were continuously treated 
for 14 weeks.

Grouping. The experimental rats were randomly divided into 
four groups as follows: i) The sham (control) group (n=10); 
ii) the cirrhosis group (n=10); iii) the 10 mg tanshinone IIA 
group (n=10); and iv) the 20 mg tanshinone IIA group (n=10). 
In the sham group, healthy rats were administered with 
physiological saline; in the cirrhosis group, cirrhotic rats were 
administered physiological saline; in the 10 mg tanshinone IIA 
group, cirrhotic rats were administered 10 mg/kg/day of 
tanshinone IIA for three days; and in the 20 mg tanshinone IIA 
group, cirrhotic rats were administered with 20 mg/kg/day of 
tanshinone IIA for 3 days.

Histological examination. Hematoxylin and eosin (H&E; 
Shanghai Qiancheng Biological Technology Co., Ltd., Shanghai, 
China) staining was performed according to standard proto-
cols (13). Briefly, following treatment with tanshinone IIA, 
liver tissue samples (left liver lobe) from all rats were fixed 
in 0.1 M phosphate buffer (Boster Systems, Inc., Pleasanton, 

CA, USA) containing 4% paraformaldehyde (Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China) for 12-24 h, 
and subsequently, in a 30% sucrose buffer (Shanghai Kang 
Lang Biological Technology Co., Ltd., Shanghai, China) at 
room temperature for 2 days. Subsequently, the liver tissue 
samples were cut into 4-µm sections, which underwent H&E 
staining and were observed under a microscope (HBO 50; 
Zeiss AG, Oberkochen, Germany).

Measurement of serum alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) levels. Following treatment 
with tanshinone IIA, blood samples were acquired from the 
caudal veins of the rats at room temperature. The serum ALT 
and AST levels were analyzed using an AU400 Chemistry 
Analyzer (Olympus Corporation, Tokyo, Japan) and expressed 
as international units per liter (U/l).

Western blot analysis. Following treatment with tanshi-
none IIA, liver tissue samples were homogenized using liquid 
nitrogen, and lysed with cell lysis buffer (Beyotime Institute 
of Biotechnology, Haimen, China). The miscible liquids were 
centrifuged at 4˚C for 10 min at 12,000 x g. The supernatant 
(comprising the total protein) was collected and the protein 
contents were quantified using a bicinchoninic acid assay 
(Beyotime Institute of Biotechnology). Equal quantities of 
protein (30 µg) were separated by electrophoresis using 
12% SDS-polyacrylamide gels (Macklin Reagent Co., Ltd.). 
Following transfer to nitrocellulose filter membranes (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) the membranes were 
blocked with 5% skimmed milk and incubated with primary 
antibodies, as follows: Mouse anti‑rat HO‑1 monoclonal 
antibody (1:1,000; 374087; EMD Millipore, Billerica, MA, 
USA), rabbit anti‑rat phosphorylated-Akt monoclonal anti-
body (p‑Akt; 1:1,000; 04‑802; EMD Millipore), rabbit anti‑rat 
p‑p38 mitogen‑activated protein kinase monoclonal antibody 
(p‑p38 MAPK; 1:1,000; 09‑272; EMD Millipore) and rabbit 
anti-rat β‑actin polyclonal antibody (1:5,000; BB‑2101; 
BestBio, Inc., Shanghai, China) overnight at 4˚C. Subsequently, 
the membranes were washed three times for 10 min each with 
Tris‑buffered saline supplemented with Tween‑20 (Beijing 
Solarbio Science & Technology Co., Ltd.), prior to incuba-
tion with horseradish peroxidase-conjugated goat anti-mouse 
or anti‑rabbit secondary antibodies (1:5,000; BB-2201 
and BB‑2202; BestBio, Inc.) at 37˚C for 2‑3 h. Finally, the 
membranes were incubated with chemiluminescence detec-
tion substrate for 1 min (BestBio, Inc.), and visualized using an 

Figure 1. Chemical structure of tanshinone IIA.
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enhanced chemiluminescence system (32109; Pierce; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). The western blots 
were analyzed using Quantity One software, version 4.62 
(Bio‑Rad Laboratories, Inc.)

Measurement of serum NF‑κB, TNF‑α, IL‑1β and IL‑6 levels. 
Following treatment with tanshinone IIA, blood samples were 

acquired from the caudal vein at room temperature. The serum 
NF-κB, TNF-α, IL-1β and IL-6 levels were analyzed using 
ELISA kits according to the manufacturer's protocols.

Measurement of serum SOD, MDA, CAT and GSH‑PX activi‑
ties. Following treatment with tanshinone IIA, blood samples 
were acquired from the caudal vein at room temperature. The 

Figure 2. Effects of tanshinone IIA in preventing fibrosis in a rat model of cirrhosis. (A) The sham, (B) cirrhosis, (C) 10 mg tanshinone IIA and (D) 20 mg 
tanshinone IIA groups. Magnification, x10 in (A) and x50 in (B‑D).

Figure 3. Effects of tanshinone IIA in weakening of the ALT and AST levels in a rat model of cirrhosis. Effects of tanshinone IIA reduce the (A) ALT and 
(B) AST levels in a rat model of cirrhosis. ##P<0.01 vs. the sham group; *P<0.05 and **P<0.01 vs. the cirrhosis group. Tan (10), 10 mg tanshinone IIA group; Tan 
(20), 20 mg tanshinone IIA group; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Figure 4. Effects of tanshinone IIA in suppression of HO‑1 in a rat model of cirrhosis. (A) Western blot analysis demonstrating HO‑1 expression in the rats, 
and (B) quantification of western blot results in a rat model of cirrhosis. ##P<0.01 vs. the sham group; *P<0.05 and **P<0.01 vs. the cirrhosis group . Tan (10), 
10 mg tanshinone IIA group; Tan (20), 20 mg tanshinone IIA group; HO‑1, heme oxygenase‑1.
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serum SOD, MDA, CAT and GSH-PX levels were analyzed 
using ELISA kits according to the manufacturer's protocols.

Statistical analysis. Data analysis was performed using SPSS 
software, version 18.0 (SPSS, Inc., Chicago, IL, USA) and 
expressed as the mean ± standard deviation. The statistical 
analysis was performed with analysis of variance. P<0.05 
was considered to indicate a statistically significant differ-
ence.

Results

Tanshinone IIA reduced fibrosis in a rat model of cirrhosis. 
According to the results, the fibrosis was increased in the rat 
model of cirrhosis (Fig. 2). Compared with the cirrhosis group, 
the fibrosis was significantly inhibited by treatment with 

10 and 20 mg tanshinone IIA (P<0.05 and P<0.01, respec-
tively; Fig. 2).

Tanshinone IIA reduces the levels of ALT and AST in a rat 
model of cirrhosis. ALT and AST levels were significantly 
higher in the cirrhosis group, compared with those in the sham 
group (P<0.01; Fig. 3). The serum ALT and AST levels were 
significantly lower in the 10 and 20 mg tanshinone IIA‑treated 
groups compared with the cirrhosis group (P<0.05 and P<0.01, 
respectively; Fig. 3).

Tanshinone IIA suppresses HO‑1 in a rat model of cirrhosis. 
Compared with the sham group, the cirrhotic rats exhibited 
significantly elevated HO-1 protein expression levels (Fig. 4). 
The increase in HO‑1 protein expression levels was signifi-
cantly suppressed by 10 or 20 mg tanshinone IIA treatment, 

Figure 5. Effects of tanshinone IIA in suppression of inflammation in a rat model of cirrhosis. Tanshinone IIA suppresses the serum levels of (A) NF‑κB, 
(B) TNF-α, (C) IL-1β and (D) IL-6 in the cirrhotic rats. ##P<0.01 vs, the sham group; *P<0.05 and **P<0.01 vs. the cirrhosis group. Tan (10), 10 mg tanshi-
none IIA group; Tan (20), 20 mg tanshinone IIA group; NF‑κB, nuclear factor κB; TNF‑α, tumor necrosis factor-α; IL, interleukin.

Figure 6. Effects of tanshinone IIA in the suppression of oxidative stress in a rat model of cirrhosis. Tanshinone IIA suppresses the serum levels of (A) SOD, 
(B) MDA, (C) CAT and (D) GSH-PX in the cirrhotic rats. ##P<0.01 vs. the sham group; *P<0.05 and **P<0.01 vs. the cirrhosis group. Tan (10), 10 mg tanshi-
none IIA group; Tan (20), 20 mg tanshinone IIA group; SOD, superoxide dismutase; MDA, malondialdehyde; CAT, catalase; GSH‑PX, glutathione peroxidase.
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compared with that of the cirrhosis group (P<0.05 and P<0.01, 
respectively; Fig. 4).

Tanshinone IIA suppresses inflammation in a rat model of 
cirrhosis. ELISA assays indicated that NF-κB, TNF-α, IL-1β 
and IL‑6 levels were significantly higher in the cirrhotic rats, 
compared with those in the sham group (P<0.01; Fig. 5). 
Administration of 10 or 20 mg tanshinone IIA significantly 
suppressed the serum NF-κB, TNF-α, IL-1β and IL-6 levels in 
the cirrhotic rats, compared with those of the cirrhosis group 
(P<0.05 and P<0.01, respectively; Fig. 5).

Tanshinone IIA suppresses oxidative stress in a rat model 
of cirrhosis. In addition to the increased levels of proteins 
indicating inflammation in the cirrhotic rats, oxidative stress 
protein indicators were also observed. Compared with the 
sham group, the serum SOD, CAT and GSH-PX levels were 
significantly lower and the serum MDA levels were signifi-
cantly higher (Fig. 6). Notably, administration of 10 or 20 mg 
tanshinone IIA significantly reversed these changes compared 
with the cirrhotic group (P<0.05 and P<0.01, respectively; 
Fig. 6).

Tanshinone IIA increases Akt in a rat model of cirrhosis. 
Western blot analysis demonstrated that administration of 
10 or 20 mg tanshinone IIA significantly increased the protein 
expression levels of p-Akt in a rat model of cirrhosis, compared 
with those of the cirrhosis group (P<0.05 or P<0.01, respec-
tively; Fig. 7).

Tanshinone IIA suppresses p‑38 MAPK in a rat model of 
cirrhosis. As determined by western blot analysis, the protein 

expression level of p-p38 MAPK in the cirrhotic group was 
significantly higher than in the sham group (Fig. 8). The 
protein expression level of p‑p38 MAPK was significantly 
reduced by 10 mg or 20 mg tanshinone IIA treatment, 
compared with the cirrhosis group (P<0.05 or P<0.01, 
respectively; Fig. 8).

Discussion

Liver cirrhosis is a common chronic liver disease resulting 
from various factors that cause long-term or repeated damage 
to the liver parenchyma. Its pathological features of diffuse 
liver fiber hyperplasia, false flocculus and regenerative nodule 
formation, gradually result in irreversible changes in liver 
structure, reduced liver function and high pressure in the portal 
vein (14). Terminal cases present with upper gastrointestinal 
bleeding, hepatic encephalopathy, ascites and other serious 
complications (15). In China, liver cirrhosis resulting from 
viral hepatitis predominates, while ethanol-associated, cardiac 
and biliary liver cirrhosis are less common, and liver cirrhosis 
due to genetic metabolic defects is rare (16). The results of the 
present study demonstrated that the effects of tanshinone IIA 
ameliorates fibrosis, in addition to reducing ALT and AST levels 
in a rat model of cirrhosis. Zhang et al (17) demonstrated that 
tanshinone IIA is protective in lithocholic acid-induced chole-
static liver model. Furthermore, Qi et al (18) also suggested 
that tanshinone IIA reduces hepatic ischemia-reperfusion. 
These results indicate that tanshinone IIA may be a novel 
therapeutic agent for use in cirrhosis. 

HO enzymes are proteases in the microsomes of mamma-
lian cells, there are three heterogeneous types: HO-1, HO-2 
and HO-3 (19). Previous studies have demonstrated that HO-1 

Figure 7. Effects of tanshinone IIA in the activation of Akt in a rat model of cirrhosis. Tanshinone IIA suppressed the p‑Akt protein expression assessed 
by (A) western blotting. (B) Statistical analysis of the p‑Akt protein expression. *P<0.05 and **P<0.01 vs. the cirrhosis group. p-Akt, phosphorylated protein 
kinase B; Tan (10), 10 mg tanshinone IIA group; Tan (20), 20 mg tanshinone IIA group.

Figure 8. Effects of tanshinone IIA in the suppression of p-38 MAPK in a rat model of cirrhosis. Tanshinone IIA suppressed the p-38 MAPK protein expres-
sion, assessed by (A) western blotting, (B) statistical analysis of the p‑38 MAPK protein expression. ##P<0.01 vs. the sham group; *P<0.05 and **P<0.01 vs.the 
cirrhosis group. Tan (10), 10 mg tanshinone IIA group; Tan (20), 20 mg tanshinone IIA group; MAPK, mitogen‑activated protein kinase.
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is predominantly distributed in the tissue of the reticular 
endothelial system, the majority of which is in the liver and 
spleen (20‑22). HO is induced by hemoglobin, heavy metals, 
peroxide, ultraviolet light, oxygen and inflammatory cyto-
kines. The role of HO-1 involves more than the degradation of 
heme; it also exerts antioxidant and anti‑inflammatory effects, 
as well as dilating blood vessels and possessing anti‑apoptotic 
functions (23). The present study aimed to investigate the 
effects of tanshinone IIA on HO-1 in a rat model of cirrhosis. 
A previous study demonstrated that tanshinone IIA inhibited 
HO‑1 expression in RAW 264.7 cells (24). Liu et al (25) also 
demonstrated that tanshinone IIA reduces the accumulation 
of cholesterol via the inhibition of HO‑1 expression in human 
macrophages. Results of the present study indicated that the 
underlying mechanism of tanshinone IIA reducing cirrhosis is 
associated with the inhibition of HO‑1 expression in rats. 

Patients with liver cirrhosis present with complex immune 
system complications. Following infection with a virus, the 
antigens and antibodies can stimulate mononuclear macro-
phages that secrete IL-1 and TNF-α. High levels of IL-1 and 
TNF-α induce mononuclear cells and vascular endothelial 
cells to produce inflammatory cytokines such as IL‑8 and IL‑6. 
This activates T cells, B cells, natural killer cells and mono-
nuclear cells. The activation of immunocompetent cells in 
response to an active infection with a virus leads to changes to 
the liver cell membrane components, which may dissolve liver 
cells and lead to necrosis, liver cell damage or abnormal liver 
function (26). In the present study, pretreatment with tanshi-
none IIA suppressed inflammation in a rat model of cirrhosis. 
Wang et al (27) demonstrated that tanshinone IIA suppresses 
NF-κB and apoptosis subsequent to transient middle cerebral 
artery occlusion. Chen et al (28) suggested that tanshinone IIA 
protects against cerebral ischemia/reperfusion injury via the 
release of TNF-α and IL-6 in rats.

Oxidative stress is considered to be an important factor 
in liver damage. Oxidative stress refers to free radicals and 
reactive oxygen species damaging proteins, nucleic acids and 
lipids in a macromolecular reaction, resulting in a change 
in the state of the structure and loss of function (29-31). A 
previous study reported that oxidative stress is closely asso-
ciated with liver cell damage (32). SOD is the predominant 
defensive enzyme in the antioxidant system of the body. It 
catalyzes a disproportionation reaction of the superoxide 
anion, to prevent tissue damage (33,34). GSH is an effec-
tive free radical scavenger that inhibits lipid peroxidation 
and MDA is the end product of the cell membrane lipid 
peroxidation chain (35). Thus, the presence of this indicator 
in liver cells suggests oxidative stress. Continuous and irre-
versible oxidative stress results in liver cell membrane lipid 
peroxidation and cell dysfunction, eventually leading to cell 
death (36). SOD, GSH and MDA are utilized to evaluate 
the oxidative stress levels in a cell. SOD and GSH reflect 
the ability of the cells to clear oxygen free radicals, while 
MDA reflects the severity of free radical attack (37). In the 
current study, tanshinone IIA suppressed oxidative stress in a 
rat model of cirrhosis. Chan et al (38) suggested that tanshi-
none IIA weakens H2O2-induced vein endothelial cell injury. 
Zhang et al (39) reported that tanshinone IIA attenuates 
oxidative stress injury in kidney hypothermic preservation. 
The results of these studies suggested that tanshinone IIA 

has a protective effect against inflammation and oxidative 
stress in a rat model of cirrhosis.

Hepatocellular apoptosis is an important factor in the 
development of liver cirrhosis, healthy liver development and 
in processes of a variety of liver diseases; when the liver is 
damaged, a pre-existing liver cell death program is activated, 
liver cell apoptosis increases, producing a large number of 
apoptotic bodies (40). Following apoptosis, hepatic stellate 
cells phagocytoze the cellular material and are activated to 
produce large quantities of extracellular matrix and collagen, 
eventually resulting in the formation of liver fibrosis (41,42). 
Therefore, pathological liver cell apoptosis is closely 
associated with liver fibrosis (43). The results suggest that 
tanshinone IIA suppresses cell apoptosis in a rat model of 
cirrhosis via the activation of Akt and inhibition of p38 MAPK. 
Luo et al (44) hypothesized that the anti-remodeling property 
of tanshinone IIA reduces cell apoptosis via the Akt/S-phase 
kinase-associated protein 2/p27‑associated signaling pathway 
in hypoxia-induced pulmonary artery smooth muscle cell 
proliferation. Jang et al (45) suggested that lipopolysaccha-
ride-induced NF-κB activation is reduced by treatment with 
tanshinone IIA via the suppression of the MAPKs (p38, extra-
cellular signal-related kinase 1/2 and c-Jun N-terminal kinase) 
signaling pathway.

In conclusion, the present study demonstrated the protec-
tive effect of tanshinone IIA in reducing fibrosis, reduced liver 
injury, reducing HO‑1 expression, and exerting anti‑inflamma-
tory, anti-oxidative and anti-apoptotic effects in a rat model of 
cirrhosis.
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