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Danshen attenuates cartilage injuries in 
osteoarthritis in vivo and in vitro by activating  
JAK2/STAT3 and AKT pathways
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Abstract: Articular cartilage degradation is a main feature of osteoarthritis (OA). The effects of 
Danshen, a traditional Chinese herb, in mitigating cartilage damage have been reported before. This 
study was conducted to investigate the effects of Danshen on cartilage injuries in OA. Rabbit OA 
models were established by surgical destabilization of the medial meniscus and the anterior and 
posterior cruciate ligaments in the left knee joint. Injection of Danshen into the articular cavity 
attenuated OA cartilage destruction in vivo. The levels of phosphorylated Janus kinase 2 (JAK2) and 
phosphorylated signal transducer and activator of transcription 3 (STAT3) were decreased in 
osteoarthritic cartilage, while they were rescued upon Danshen treatment. Furthermore, chondrocytes 
isolated from normal rabbit cartilage were exposed to 2 mM sodium nitroprusside (SNP) to establish 
an OA model in vitro. We found that the oxidative stress and chondrocyte apoptosis induced by SNP 
were suppressed by Danshen. The phosphorylation levels of JAK2 and STAT3 were decreased in 
response to SNP treatment, whereas they were rescued by Danshen. Additionally, AG490, a specific 
JAK2 inhibitor, counteracted the anti-apoptotic effect of Danshen. The phosphorylation level of protein 
kinase B (AKT) was also altered in response to SNP and reversed by Danshen. The anti-apoptotic 
effect of Danshen was counteracted by AKT pathway inhibitor LY194002. Taken together, Danshen 
attenuates OA cartilage destruction by regulating the JAK2/STAT3 and AKT signaling pathways.
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Introduction

Osteoarthritis (Oa) is the most common arthritis dis-
ease representing joint damage during daily activities. 
This disease is a major cause of activity limitation, 

physical disability, and increased health cost [11]. it will 
be the fourth highest cause of disability worldwide by 
the year 2020 [26]. Therefore, the therapies for Oa have 
gained more attention. OA mainly affects the knees, hips, 
hands, and spine joints, and the knee joints are most 
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commonly involved. There are some pharmacologic 
therapies for knee OA, such as NSAIDs [3, 4, 6], associ-
ated with adverse effects. Hence, safe and effective 
therapies for Oa should be investigated. Oa is character-
ized by articular cartilage degeneration [25]. articular 
cartilage mainly consists of chondrocytes and extracel-
lular matrix (ECM). Chondrocytes promote ECM forma-
tion or degradation by producing anabolic or catabolic 
factors [8]. Hence, chondrocytes perform a crucial role 
in articular cartilage degeneration and the pathological 
process of Oa [5]. inhibition of chondrocyte apoptosis 
may be a novel therapeutic target for the management 
of Oa.

Natural plant products have been used as flavors, fra-
grances and medicines for thousands of years, and attract 
more attention with respect to their potential uses in 
various diseases, with rare reports showing their adverse 
effects. Among these plant products, various kinds have 
been identified as having specific medical usages includ-
ing Salvia miltiorrhiza (Danshen). Danshen, as one of 
the most important herbs, has been traditionally used to 
treat cardiovascular diseases for centuries [24], and it 
has been reported to have medical usage for various 
liver diseases [35] and acquired immunodeficiency syn-
drome [1]. Rare adverse effects have been reported in 
trials. Recently, Danshen has been reported to prevent 
articular cartilage degeneration in rabbits with Oa by 
inhibiting oxidative stress [3]. Our previous study 
showed that Danshen attenuates osteoarthritis through 
inhibition of nuclear factor-κB (NF-κB) signaling [28]. 
However, the therapeutic effects of Danshen on OA and 
underlying mechanisms still need to be further unrav-
eled.

The Janus kinase 2 (JAK2)/signal transducer and ac-
tivator of transcription 3 (STAT3) and protein kinase B 
(AKT) pathways play important roles in inflammation. 
The JAK2/STAT3 pathway is also implicated in OA. 
Activation of the JAK2/STAT3 pathway is regulated by 
inflammatory cytokines stimulation during the progres-
sion of OA [16]. Inhibition of the JAK2/STAT3 pathway 
can ameliorate apoptosis in damaged chondrocytes [34]. 
The AKT pathway plays an important role in cartilage 
anabolic and catabolic processes in response to inflam-
matory cytokines [10]. The AKT pathway is also in-
volved in OA. Inhibition of the AKT pathway promotes 
autophagy in articular chondrocytes and attenuates in-
flammatory responses in rats with OA [29]. On the 
other hand, whether the JAK2/STAT3 and AKT pathways 

were involved in the effect of Danshen on OA remains 
unclear.

In the present study, the effects of Danshen on articu-
lar cartilage degeneration were evaluated in rabbits with 
surgery-induced Oa in vivo and isolated chondrocytes 
treated with sodium nitroprusside (SnP) to establish a 
cell model of Oa. We explored the associated molecular 
mechanisms against cartilage damage. This study was 
beneficial to the utilization of Danshen in clinical ap-
plications for Oa patients.

Materials and Methods

Experimental OA and treatments
Thirty healthy mature new Zealand white rabbits (6 

months old, male, weighing 3.0 ± 0.5 kg) were purchased 
from Tianjing Yuda Experimental Animal Breeding Co., 
Ltd. (Tianjing, China). Danshen injection was purchased 
from Chiatai Qingchunbao Pharmaceutical Co., Ltd. 
(Hangzhou, Zhejiang, China), sodium hyaluronate (SH) 
injection was obtained from aladdin industrial Corpora-
tion (Shanghai, China). Experimental Oa models were 
established by surgically destabilizing the left knee joint 
through transection of the medial collateral ligament and 
anterior and posterior cruciate ligaments and excision of 
the medial meniscus [13]. after the surgery, the incisions 
were sutured but not fixed and were exposed to penicil-
lin (2 × 104 U/kg/day) for 7 days. In this experiment, the 
rabbits were divided into a control group, Danshen 
group, Oa model group, Oa model+SH group, and Oa 
model+Danshen group. Normal rabbits in the Danshen 
group were administered with Danshen (1.05 g/day, 
intra-articular injection). The surgery-induced Oa rab-
bits in the Oa group were administered normal saline 
(0.7 ml/day). OA rabbits in the OA+SH group were 
administered 1% SH in 0.4 ml/day (intra-articular injec-
tion). OA rabbits in the OA+Danshen group were ad-
ministered Danshen (1.05 g/day, intra-articular injec-
tion). All treatments were administered for 5 weeks, and 
then rabbit articular cartilage was collected for subse-
quent experiments. in this study, the animal treatment 
was in accordance with the guidelines for animal ex-
periments of Heilongjiang university of Chinese Medi-
cine, and the experiments were approved by the animal 
Care and use Committee of Heilongjiang university of 
Chinese Medicine.
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Histopathological analysis
The samples were decalcified with 10% EDTA. After 

complete decalcification, the samples were dehydrated 
in ethanol, permeabilized in xylene, embedded in paraf-
fin, and then cut into 5 µm sections. The sections were 
deparaffinized, rehydrated, and then stained with hema-
toxylin (Solarbio, Beijing, China) and eosin (H&E; 
Sinopharm, Shanghai, China). The slides were examined 
by light microscopy (Olympus, Tokyo, Japan).

Chondrocyte isolation, culture, and identification
normal articular cartilage was obtained from the rab-

bit knee joint and cut into small pieces in Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco, Rockville, 
MD, USA) containing 10% fetal bovine serum (FBS; 
Hyclone, Cramlington, England, UK ). The pieces were 
digested with 0.1% type ii collagenase and 0.2% trypsin 
(Beyotime, Beijing, China) at 37°C for 2.5 h. The re-
leased cells were cultured at 37°C in 5% CO2 humidified 
environment. Then the cells were treated with Red Blood 
Cell Lysis Buffer (Solarbio) for 3 min. Cell suspension 
was centrifuged at 1500 r/min for 5 min. After washing 
with PBS, the cells were resuspended with DMEM and 
counted with Trypan blue. The cell density was set to 1 
× 105/ml, and the cells were seeded into T25 culture 
flasks. After 24 h, the cells were washed with PBS and 
cultured with DMEM containing with 10% FBS. Then 
the cells were subcultured for subsequent experiments.

Chondrocyte identification was performed by tolu-
idine blue staining. The cells were washed with distilled 
water and stained with 0.5% toluidine blue (uRchem, 
Shanghai, China) for 10 min. Then they were treated 
with a graded series of ethanol. The cells were imaged 
using a microscope (Olympus, Tokyo, Japan).

Cell treatment
Chondrocytes were cultured in DMEM at 37°C in 5% 

CO2 humidified environment and treated at 80% conflu-
ence. For analysis of the inhibitory effects on apoptosis 
and oxidant stress of Danshen and SH, the chondrocytes 
were randomized into five groups: the control group, 
Danshen group, SNP group, SH+SNP group, and 
Danshen+SNP group (75 mg/ml Danshen for 24 h or 100 
mg/ml SH for 24 h and then 2 mM SNP for 24 h). For 
analysis of the underlying mechanism of Danshen, the 
chondrocytes were randomized into five groups: the 
control group, SNP group, Danshen+SNP group, 
A G 4 9 0 + D a n s h e n + S N P  g r o u p ,  a n d 

LY294002+Danshen+SNP group, (75 mg/ml Danshen 
for 24 h, 40 µM AG490 for 24 h, and/or 25 mM LY294002 
for 1 h, and then 2 mM SNP for 24 h).

MTT assay
Cells were seeded in a 96-well plate (3 × 103 per well). 

Then the cells were treated at 80% confluence and cul-
tured for 24 h. After culture, 5 mg/ml MTT (Sigma, St. 
Louis, MO, uSa) was added to the cells, and the cells 
were incubated for 4 h. Then 200 µl dimethyl sulphoxide 
was added to the cells. The absorbance at 490 nm was 
measured using a microplate reader (Biotek, Winooski, 
VT, USA). Five replicates were performed for each 
sample.

Flow cytometry assay
Flow cytometry was performed to analyze the apop-

tosis of chondrocytes. after treatment, cells were col-
lected and washed with cold PBS. The cells were resus-
pended with 500 µl binding buffer and incubated with 5 
µl Annexin V-FITC and 10 µl propidium iodide (Pi) in 
the dark for 15 min. Cells were detected using flow cy-
tometer (BD, Franklin Lakes, NJ, USA).

Hoechst 33342 fluorescence staining
Hoechst 33342 staining was performed with a Hoechst 

Staining Kit (Beyotime) to detect the apoptotic cells in 
normal and treated chondrocytes. in brief, the cells were 
seeded in a 12-well plate and treated at 80% confluence. 
After treatments, the cells were fixed and stained with 
Hoechst staining solution. The cells were observed using 
a fluorescence microscope (Olympus).

Western blot
Primary antibodies against JAK2 (1:500; rabbit poly-

conal antibody, bs-23004R, Bioss, Beijing, China), phos-
phorylated JAK2 (p-JAK2) (1:500; rabbit polyclonal 
antibody, bs-2485R, Bioss), STAT3 (1:400; rabbit poly-
clonal antibody, bs-20382R, Bioss), p-STAT3 (1:500; 
rabbit polyclonal antibody, bs-3429R, Bioss), B-cell 
lymphoma 2 (Bcl-2) (1:500; rabbit polyclonal antibody, 
bs-0032R, Bioss), Bcl-2-associated X protein (Bax) 
(1:500; rabbit polyclonal antibody, bs-4564R, Bioss), 
cleaved caspase-3 (1:500; rabbit polyclonal antibody, 
WL01992, Wanleibio, Shenyang, China) and cleaved 
poly (ADP-ribose) polymerase (PARP) (1:500; rabbit 
polyclonal antibody, WL01932, Wanleibio), AKT (1:500; 
rabbit polyclonal antibody, bs-6951R, Bioss), or p-AKT 
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(1:1,000; mouse monoclonal antibody, bsm-33281M, 
Bioss) were diluted in 5% skim milk.

Protein samples were extracted by RIPA (Beyotime) 
with 1% phenylmethanesulfonyl fluoride (PMSF, Beyo-
time). The protein concentration was measured using a 
BCA Protein Assay Kit (Beyotime) according to the 
manufacturer’s instructions. Same amounts of protein 
samples were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred onto 
polyvinylidene fluoride membranes (Millipore, Bedford, 
MA, USA). The membranes were blocked with 5% skim 
milk and incubated with primary antibodies overnight 
at 4°C. After four washes, the membranes were incu-
bated with horseradish peroxidase (HRP)-labeled goat 
Anti-Rabbit IgG (H+L) (A0208, Beyotime) or HRP-
labeled Goat Anti-Mouse IgG (H+L) (A0216, Beyotime) 
diluted in 1:5000. The membranes were developed with 
an ECL Kit (7sea Biotech, Shanghai, China), and the 
blots were imaged by a gel imaging system (Liuyi, Bei-
jing, China). The protein levels were normalized with 
β-actin. Each experiment was performed in triplicate.

Detection of reduced glutathione (GSH), superoxide 
dismutase (SOD), and catalase (CAT)

The levels of GSH, SOD, and CAT in chondrocytes 
were measured using the corresponding GSH assay kit, 
SOD assay kit, and CAT assay kit (Jiancheng Bioengi-
neering institute, nanjing, China) according to the 
manufacturers’ instructions.

Statistical analysis
Data were analyzed with Graphpad Prism 6. Com-

parisons between groups were analyzed using one-way 
analysis of variance (ANOVA) followed by Bonferroni’s 
multiple comparison. all data are presented as the mean 
± SD, and P<0.05 was considered statistically signifi-
cant.

Results

Danshen attenuates OA cartilage destruction and 
induces JAK2/STAT3 activation in vivo

The results from H&E staining showed that cartilage 
tissues in the control group showed a normal structure. 
in the Oa group, the cartilage surface layer was de-
stroyed, with reduced and irregularly clustered chondro-
cytes. However, Danshen or SH treatment obviously 
attenuated cartilage destruction and recuperated the 

structure of the cartilage surface layer (Fig. 1A). Western 
blot assay showed that the phosphorylation levels of 
JAK2 and STAT3 were decreased significantly in the OA 
group as compared with the control group. Danshen or 
SH treatment significantly increased p-JAK2 and p-
STAT3 levels in rabbits with surgery-induced OA (Fig. 
1B). Our data illustrate that Danshen treatment attenuates 
Oa cartilage destruction in vivo, maybe partly through 
the JAK2/STAT3 signaling pathway.

Danshen restores the antioxidant system decreased by 
SNP

Chondrocytes were first isolated from rabbit cartilage 
tissues and identified with toluidine blue staining by their 
spindle-shaped morphology (Supplementary Fig. 1). The 
levels of antioxidants GSH, SOD, and CAT were as-
sessed in our study. As shown in Fig. 2, in the SnP-in-
duced Oa model in vitro, the level of gSH and activities 
of SOD and CAT were decreased. However, after treat-
ment with Danshen or SH, the level of GSH and activi-
ties of SOD and CAT were restored (Fig. 2). These results 
demonstrate that Danshen restores the antioxidant sys-
tem in the Oa model in vitro.

Danshen inhibits apoptosis and promotes proliferation 
and JAK2/STAT3 activation in chondrocytes in vitro

apoptosis and proliferation of chondrocytes were 
detected. The results from flow cytometry showed that 
Danshen or SH treatment significantly decreased SNP-
induced apoptosis of chondrocytes (Fig. 3A). Hoechst 
33342 fluorescence staining also showed more chroma-
tin pyknosis in the SNP group than in the control group, 
and these increased chromatin pyknosis induced by SNP 
was reversed after Danshen or SH treatment (Supple-
mentary Fig. 2A). Thus, we concluded that Danshen 
inhibited chondrocyte apoptosis induced by SnP. This 
conclusion was also confirmed by increased level of 
anti-apoptotic factor Bcl-2 and decreased levels of pro-
apoptotic Bax, cleaved caspase-3, and cleaved PARP in 
SNP-treated chondrocytes upon Danshen treatment 
(Supplementary Fig. 2B). The MTT assay showed that 
Danshen or SH treatment significantly increased SNP-
reduced proliferation of chondrocytes (Fig. 3B). The 
levels of phosphorylated JAK2 and STAT3 in chondro-
cytes were assessed by western blot. Danshen or SH 
treatment significantly increased p-JAK2 and p-STAT3 
levels, which were reduced by SNP in chondrocytes (Fig. 
4). The above results demonstrate that Danshen inhibits 
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apoptosis and promotes proliferation and JAK2/STAT3 
activation in SnP-treated chondrocytes.

Danshen inhibits SNP-induced cartilage degeneration 
via the JAK2-STAT3 signaling pathway

The effect of AG490, an inhibitor of the JAK signaling 
pathway, on p-JAK2 and JAK2 was determined by west-

Fig. 1. Danshen attenuated articular cartilage degradation in vivo and activated the JAK2/STAT3 pathway. (A) 
Histological examination (H&E staining) of articular cartilage in Danshen- or SH-treated OA models. Scale 
bar=100 µm. (B) Western blot was performed to assess the levels of phosphorylated and total JAK2 and 
STaT3 in articular cartilage.

Fig. 2. Danshen rescued the antioxidant system decreased by SNP. The chondrocytes were randomized into five groups: the control 
group, Danshen group, SNP group, SH+SNP group, and Danshen+SNP group. The levels of GSH, SOD, and CAT in each group 
were measured with corresponding kits. Error bars indicate the standard deviation. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.
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Fig. 3. Danshen ameliorated SNP-induced chondrocyte apoptosis and enhanced SNP-reduced 
proliferation of chondrocytes. (A) Chondrocyte apoptosis was determined by flow cytom-
etry assay. FL1 corresponds to Annexin-FITC and FL2 corresponds to PI. (B) Proliferation 
of chondrocytes was detected by MTT assay. Error bars indicate the standard deviation. 
*P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.

Fig. 4. Danshen activated the JAK2/ STAT3 pathway. JAK and p-JAK2 (A) and STAT3 and p-STAT3 (B) were detected by western blot. 
The levels of p-JAK and p-STAT3 were upregulated by Danshen in SNP-treated chondrocytes.
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ern blot. The level of p-JAK2 was not affected obvi-
ously by AG490 at 5 µM or 10 µM, but was slightly 
inhibited at 20 µM and significantly inhibited at 40 µM 
and 80 µM (Supplementary Fig. 3). The expression of 
JAK2 was not affected by AG490 treatment (Supplemen-
tary Fig. 3). AG490 at 40 µM was chosen for the subse-
quent experiments.

To determinate whether Danshen inhibits the apopto-
sis of chondrocytes via the JAK2/STAT3 signaling path-
way, AG490 was used to treat chondrocytes. Danshen 
treatment inhibited SnP-induced apoptosis and enhanced 
proliferation of chondrocytes. However, these effects 

were significantly abrogated by AG490 treatment (Fig. 
5 and Supplementary Fig. 4A). Additionally, Danshen 
treatment also reversed alterations in apoptosis-related 
proteins, and this effect of Danshen was abrogated by 
AG490 (Supplementary Fig. 4B). Therefore, we con-
clude that Danshen inhibits cartilage degeneration 
through the JAK2/STAT3 signaling pathway.

Danshen inhibits SNP-induced cartilage degeneration 
via the AKT signaling pathway

The role of the AKT signaling pathway was also ex-
plored in our study. The level of AKT showed no obvious 

Fig. 5. Danshen attenuated SNP-induced chondrocyte apoptosis via the JAK2/STAT3 signaling 
pathway. (A) Flow cytometry showed that Danshen’s inhibitory effects on SNP-induced 
apoptosis of chondrocytes were abrogated by AG490 treatment. FL1 corresponds to An-
nexin-FITC and FL2 corresponds to PI. (B) An MTT assay showed that Danshen’s effects 
on proliferation of chondrocytes were inhibited by AG490 treatment. Error bars indicate 
the standard deviation. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.
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changes (Fig. 6A). in the SnP-induced Oa model in 
vitro, the level of p-AKT was decreased. This change 
was reversed upon treatment with Danshen or SH (Fig. 
6A). This information indicates that the AKT signaling 
pathway may be involved in the effects of Danshen on 
OA. Moreover, LY294002, an inhibitor of the AKT sig-
naling pathway, was used to treat chondrocytes. Dan-
shen treatment inhibited SnP-induced apoptosis, but this 
effect was abolished by LY294002 (Fig. 6B). Thus, we 
conclude that Danshen inhibits cartilage degeneration 
through the AKT signaling pathway.

Discussion

In the present study, we explored the effects of Dan-
shen on OA. The results of our study showed that Dan-
shen attenuated Oa cartilage destruction in vivo and 

reduced oxidative stress and apoptosis of chondrocytes 
in an Oa model in vitro. Further study revealed that the 
JAK2/STAT3 and AKT pathways were involved in the 
effects of Danshen on OA. Our study indicates that Dan-
shen may become a promising drug for Oa treatment.

articular cartilage degeneration is involved in the 
progression of Oa, and it is suggested as a novel thera-
peutic target for OA. Recently, in the reports of Bai et 
al and our previous study, Danshen was reported to pre-
vent articular cartilage degeneration in Oa rabbits by 
inhibiting oxidative stress or the NF-κB signaling path-
way [2, 28]. Our present study also showed that Dan-
shen prevented articular cartilage degeneration and in-
hibited chondrocyte apoptosis, which is consistent with 
previous reports. Our previous study also showed that 
Danshen can reduce proteoglycan loss in cartilage tissues 
[28]. Thus, Danshen has the potential to become a ther-

Fig. 6. Danshen ameliorated SNP-induced chondrocyte apoptosis via the AKT signaling pathway. 
(A) Western blot was performed to assess AKT and p-AKT levels. The level of p-AKT was 
increased by Danshen in SNP-treated chondrocytes. (B) Flow cytometry showed that Dan-
shen’s inhibitory effects on SNP-induced apoptosis of chondrocytes were abrogated by 
LY294002. FL1 corresponds to Annexin-FITC and FL2 corresponds to PI. *P<0.05; 
**P<0.01; ***P<0.001; ****P<0.0001.
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apeutic target for Oa.
Oxidative stress plays a crucial role in multiple phys-

iological and pathological processes. various intracel-
lular signaling pathways are activated by oxidative 
stress, leading to cell apoptosis or overgrowth [20]. as 
a main contributor in oxidative stress, reactive oxygen 
species (ROS) are a double-edged sword, functioning as 
a component of cell signaling at low doses but as a cy-
totoxic agent at high doses [17]. Excessive ROS, which 
were produced by oxidative stress, damage DNA, and 
ROS scavengers are capable of suppressing apoptosis 
resulting from a variety of causes [14, 33]. Oxidative 
stress has been reported to play an important role in the 
pathology of OA. In abnormal conditions, Danshen pre-
vents oxidative stress [27, 36]. In our study, the anti-
oxidant system, which was impaired in Oa, was rescued 
by Danshen. This result was consistent with a previous 
report [3]. Through regulation of the antioxidant system, 
Danshen also has a protective effect against ischemic-
reperfusion injury [7].

Chondrocyte apoptosis has been identified as an im-
portant event in the growth of articular cartilage [19] and 
a crucial contributor to Oa [18, 23]. Hence, we explored 
whether Danshen impacted chondrocyte apoptosis. In 
our study, Danshen was found to inhibit SNP-induced 
chondrocyte apoptosis in vitro, and it rescued apoptosis-
related proteins impacted by SnP. Our previous study 
also showed that Danshen inhibited in vivo chondrocyte 
apoptosis [28]. Thus, the inhibition of chondrocyte apop-
tosis may contribute to the protective effects of Danshen 
on OA. Recently, salvianolic acid B, a hydrophilic com-
ponent of Danshen, has also been reported to promote 
cell growth and attenuate the dedifferentiation status of 
articular chondrocytes [31].

The mechanism of the OA-ameliorating effect of Dan-
shen was further investigated in our study. Our data 
showed that the JAK2/STAT3 and AKT pathways were 
activated by Danshen, and treatment with corresponding 
inhibitors treatment abrogated the apoptosis-inhibition 
effect of Danshen. This information reveals that the 
JAK2/STAT3 and AKT pathways are implicated in the 
OA-ameliorating effect of Danshen. However, in the 
report of Zhang et al. [34], AG490 could decrease ACLT-
induced apoptosis. The actual reason for the differences 
between the present study and this previous report needs 
further exploration. The JAK2/STAT3 and AKT signal-
ing pathways are not the only signaling pathways by 
which Danshen ameliorates OA. Our previous study 

shows that the NF-κB pathway is also involved in the 
protective effects of Danshen against OA [28]. Other 
pathways, such as PTEN, AMPK, and ERK, are also 
downstream signaling pathways of Danshen [12, 22, 32] 
and may be also implicated in the OA-ameliorating effect 
of Danshen. However, further evidence is needed. 
Through the JAK2/STAT3 and AKT signaling pathways, 
Danshen may also exert protective effects against isch-
emic-reperfusion injury, fibrosis, and cancer [7, 9, 15, 
21, 30].

In conclusion, Danshen causes chondrocytes to be 
distributed homogeneously and ameliorates cartilage 
injuries in vivo. Moreover, Danshen exerts notable effects 
against oxidative stress and apoptosis induced by SnP 
in vitro. Further study revealed that the JAK2/STAT3 
and AKT signaling pathways are involved in the OA-
ameliorating effect of Danshen. Taken together, Dan-
shen ameliorates osteoarthritis cartilage injury by acti-
vating the JAK2/STAT3 and AKT pathways. The present 
study proposes a novel therapeutic role of Danshen in 
the management of osteoarthritis.

Acknowledgments

This study was supported by grants from the natural 
Science Foundation of Heilongjiang Province (No. 
H2015024), the Applied Technology Research and De-
velopment Project of Harbin (No. 2015QAQY098), and 
the Chinese Medicine Science and Technology Project 
of Heilongjiang Province for Youths (No. ZQG-029).

References

 1. Abd-Elazem, I.S., Chen, H.S., Bates, R.B., and Huang, R.C. 
2002. isolation of two highly potent and non-toxic inhibitors 
of human immunodeficiency virus type 1 (HIV-1) integrase 
from Salvia miltiorrhiza. Antiviral Res. 55: 91–106. [Med-
line]  [CrossRef]

 2. Bai, B. and Li, Y. 2016. Danshen prevents articular cartilage 
degeneration via antioxidation in rabbits with osteoarthritis. 
Osteoarthritis Cartilage 24: 514–520. [Medline]  [CrossRef]

 3. Basedow, M., Williams, H., Shanahan, E.M., Runciman, 
W.B., and Esterman, A. 2015. Australian GP management of 
osteoarthritis following the release of the RaCgP guideline 
for the non-surgical management of hip and knee osteoar-
thritis. BMC Res. Notes 8: 536. [Medline]  [CrossRef]

 4. Blackshear, J.L., Napier, J.S., Davidman, M., and Stillman, 
M.T. 1985. Renal complications of nonsteroidal antiinflam-
matory drugs: identification and monitoring of those at risk. 
Semin. Arthritis Rheum. 14: 163–175. [Medline]  [CrossRef]

 5. Findlay, D.M. and Atkins, G.J. 2014. Osteoblast-chondro-

http://www.ncbi.nlm.nih.gov/pubmed/12076754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12076754?dopt=Abstract
http://dx.doi.org/10.1016/S0166-3542(02)00011-6
http://www.ncbi.nlm.nih.gov/pubmed/26485068?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2015.10.004
http://www.ncbi.nlm.nih.gov/pubmed/26438323?dopt=Abstract
http://dx.doi.org/10.1186/s13104-015-1531-z
http://www.ncbi.nlm.nih.gov/pubmed/3909403?dopt=Abstract
http://dx.doi.org/10.1016/0049-0172(85)90035-6


X. Xu, ET AL.136

cyte interactions in osteoarthritis. Curr. Osteoporos. Rep. 12: 
127–134. [Medline]  [CrossRef]

 6. Gabriel, S.E., Jaakkimainen, L., and Bombardier, C. 1991. 
Risk for serious gastrointestinal complications related to use 
of nonsteroidal anti-inflammatory drugs. A meta-analysis. 
Ann. Intern. Med. 115: 787–796. [Medline]  [CrossRef]

 7. Ge, G., Zhang, Q., Ma, J., Qiao, Z., Huang, J., Cheng, W., 
and Wang, H. 2014. Protective effect of Salvia miltiorrhiza 
aqueous extract on myocardium oxidative injury in isch-
emic-reperfusion rats. Gene 546: 97–103. [Medline]  [Cross-
Ref]

 8. Goldring, M.B., Otero, M., Plumb, D.A., Dragomir, C., 
Favero, M., El Hachem, K., Hashimoto, K., Roach, H.I., 
Olivotto, E., Borzì, R.M., and Marcu, K.B. 2011. Roles of 
inflammatory and anabolic cytokines in cartilage metabo-
lism: signals and multiple effectors converge upon MMP-13 
regulation in osteoarthritis. Eur. Cell. Mater. 21: 202–220. 
[Medline]  [CrossRef]

 9. Gong, L., Di, C., Xia, X., Wang, J., Chen, G., Shi, J., Chen, 
P., Xu, H., and Zhang, W. 2016. AKT/mTOR signaling path-
way is involved in salvianolic acid B-induced autophagy and 
apoptosis in hepatocellular carcinoma cells. Int. J. Oncol. 49: 
2538–2548. [Medline]  [CrossRef]

 10. Greene, M.A. and Loeser, R.F. 2015. Function of the chon-
drocyte PI-3 kinase-Akt signaling pathway is stimulus de-
pendent. Osteoarthritis Cartilage 23: 949–956. [Medline]  
[CrossRef]

 11. Helmick, C.G., Felson, D.T., Lawrence, R.C., Gabriel, 
S., Hirsch, R., Kwoh, C.K., Liang, M.H., Kremers, H.M., 
Mayes, M.D., Merkel, P.A., Pillemer, S.R., Reveille, J.D., 
Stone, J.H., National Arthritis Data Workgroup 2008. Es-
timates of the prevalence of arthritis and other rheumatic 
conditions in the united States. Part i. Arthritis Rheum. 58: 
15–25. [Medline]  [CrossRef]

 12. Huang, M.Q., Zhou, C.J., Zhang, Y.P., Zhang, X.Q., Xu, W., 
Lin, J., and Wang, P.J. 2016. Salvianolic Acid B Ameliorates 
Hyperglycemia and Dyslipidemia in db/db Mice through 
the AMPK Pathway. Cell. Physiol. Biochem. 40: 933–943. 
[Medline]  [CrossRef]

 13. Hulth, A., Lindberg, L., and Telhag, H. 1970. Experimen-
tal osteoarthritis in rabbits. Preliminary report. Acta Orthop. 
Scand. 41: 522–530. [Medline]  [CrossRef]

 14. Li, P., Zhao, Q.L., Wu, L.H., Jawaid, P., Jiao, Y.F., Kadowa-
ki, M., and Kondo, T. 2014. Isofraxidin, a potent reactive 
oxygen species (ROS) scavenger, protects human leukemia 
cells from radiation-induced apoptosis via ROS/mitochon-
dria pathway in p53-independent manner. Apoptosis 19: 
1043–1053. [Medline]  [CrossRef]

 15. Ma, Z.G., Xia, H.Q., Cui, S.L., and Yu, J. 2017. Attenuation 
of renal ischemic reperfusion injury by salvianolic acid B 
via suppressing oxidative stress and inflammation through 
PI3K/Akt signaling pathway. Braz. J. Med. Biol. Res. 50: 
e5954. [Medline]  [CrossRef]

 16. Malemud, C.J. 2017. Negative Regulators of JAK/STAT 
Signaling in Rheumatoid arthritis and Osteoarthritis. Int. J. 
Mol. Sci. 18: 484. [Medline]  [CrossRef]

 17. Martin, K.R. and Barrett, J.C. 2002. Reactive oxygen species 
as double-edged swords in cellular processes: low-dose cell 

signaling versus high-dose toxicity. Hum. Exp. Toxicol. 21: 
71–75. [Medline]  [CrossRef]

 18. Mistry, D., Oue, Y., Chambers, M.G., Kayser, M.V., and 
Mason, R.M. 2004. Chondrocyte death during murine osteo-
arthritis. Osteoarthritis Cartilage 12: 131–141. [Medline]  
[CrossRef]

 19. Mobasheri, A. 2002. Role of chondrocyte death and hypocel-
lularity in ageing human articular cartilage and the pathogen-
esis of osteoarthritis. Med. Hypotheses 58: 193–197. [Med-
line]  [CrossRef]

 20. Ogura, S. and Shimosawa, T. 2014. Oxidative stress and 
organ damages. Curr. Hypertens. Rep. 16: 452. [Medline]  
[CrossRef]

 21. Peng, R., Wang, S., Wang, R., Wang, Y., Wu, Y., and Yuan, 
Y. 2017. Antifibrotic effects of tanshinol in experimental he-
patic fibrosis by targeting PI3K/AKT/mTOR/p70S6K1 sig-
naling pathways. Discov. Med. 23: 81–94. [Medline]

 22. Shen, Q., Ma, X., Hua, Y., Chen, M., Wang, Y., Zhou, Q., 
Ye, W., and Zhu, X. 2016. aquaporin 3 Expression induced 
by Salvia Miltiorrhiza via ERK1/2 Signal Pathway in the 
Primary Human amnion Epithelium Cells from isolated 
Oligohydramnios. Curr. Mol. Med. 16: 312–319. [Medline]  
[CrossRef]

 23. Thomas, C.M., Fuller, C.J., Whittles, C.E., and Sharif, M. 
2011. Chondrocyte death by apoptosis is associated with the 
initiation and severity of articular cartilage degradation. Int. 
J. Rheum. Dis. 14: 191–198. [Medline]  [CrossRef]

 24. Wang, X., Morris-Natschke, S.L., and Lee, K.H. 2007. New 
developments in the chemistry and biology of the bioactive 
constituents of Tanshen. Med. Res. Rev. 27: 133–148. [Med-
line]  [CrossRef]

 25. Wei, Y. and Bai, L. 2016. Recent advances in the understand-
ing of molecular mechanisms of cartilage degeneration, sy-
novitis and subchondral bone changes in osteoarthritis. Con-
nect. Tissue Res. 57: 245–261. [Medline]  [CrossRef]

 26. Woolf, A.D. and Pfleger, B. 2003. Burden of major musculo-
skeletal conditions. Bull. World Health Organ. 81: 646–656. 
[Medline]

 27. Xu, L., Shen, P., Bi, Y., Chen, J., Xiao, Z., Zhang, X., and 
Wang, Z. 2016. Danshen injection ameliorates STZ-induced 
diabetic nephropathy in association with suppression of oxi-
dative stress, pro-inflammatory factors and fibrosis. Int. Im-
munopharmacol. 38: 385–394. [Medline]  [CrossRef]

 28. Xu, X., Lv, H., Li, X., Su, H., Zhang, X., and Yang, J. 2017. 
Danshen attenuates osteoarthritis-related cartilage degenera-
tion through inhibition of NF-κB signaling pathway in vivo 
and in vitro. Biochem. Cell Biol. 95: 644–651. [Medline]  
[CrossRef]

 29. Xue, J.F., Shi, Z.M., Zou, J., and Li, X.L. 2017. Inhibition 
of PI3K/AKT/mTOR signaling pathway promotes autoph-
agy of articular chondrocytes and attenuates inflammatory 
response in rats with osteoarthritis. Biomed. Pharmacother. 
89: 1252–1261. [Medline]  [CrossRef]

 30. Yang, W., Ju, J.H., Jeon, M.J., Han, X., and Shin, i. 2010. 
Danshen (Salvia miltiorrhiza) extract inhibits proliferation 
of breast cancer cells via modulation of Akt activity and p27 
level. Phytother. Res. 24: 198–204. [Medline]

 31. Yang, X., Liu, S., Li, S., Wang, P., Zhu, W., Liang, P., Tan, 

http://www.ncbi.nlm.nih.gov/pubmed/24458429?dopt=Abstract
http://dx.doi.org/10.1007/s11914-014-0192-5
http://www.ncbi.nlm.nih.gov/pubmed/1834002?dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-115-10-787
http://www.ncbi.nlm.nih.gov/pubmed/24831834?dopt=Abstract
http://dx.doi.org/10.1016/j.gene.2014.05.021
http://dx.doi.org/10.1016/j.gene.2014.05.021
http://www.ncbi.nlm.nih.gov/pubmed/21351054?dopt=Abstract
http://dx.doi.org/10.22203/eCM.v021a16
http://www.ncbi.nlm.nih.gov/pubmed/27779641?dopt=Abstract
http://dx.doi.org/10.3892/ijo.2016.3748
http://www.ncbi.nlm.nih.gov/pubmed/25659655?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2015.01.014
http://www.ncbi.nlm.nih.gov/pubmed/18163481?dopt=Abstract
http://dx.doi.org/10.1002/art.23177
http://www.ncbi.nlm.nih.gov/pubmed/27941340?dopt=Abstract
http://dx.doi.org/10.1159/000453151
http://www.ncbi.nlm.nih.gov/pubmed/5507896?dopt=Abstract
http://dx.doi.org/10.3109/17453677008991540
http://www.ncbi.nlm.nih.gov/pubmed/24692054?dopt=Abstract
http://dx.doi.org/10.1007/s10495-014-0984-1
http://www.ncbi.nlm.nih.gov/pubmed/28513773?dopt=Abstract
http://dx.doi.org/10.1590/1414-431x20175954
http://www.ncbi.nlm.nih.gov/pubmed/28245561?dopt=Abstract
http://dx.doi.org/10.3390/ijms18030484
http://www.ncbi.nlm.nih.gov/pubmed/12102499?dopt=Abstract
http://dx.doi.org/10.1191/0960327102ht213oa
http://www.ncbi.nlm.nih.gov/pubmed/14723872?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2003.10.006
http://www.ncbi.nlm.nih.gov/pubmed/12018969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12018969?dopt=Abstract
http://dx.doi.org/10.1054/mehy.2000.1180
http://www.ncbi.nlm.nih.gov/pubmed/25011397?dopt=Abstract
http://dx.doi.org/10.1007/s11906-014-0452-x
http://www.ncbi.nlm.nih.gov/pubmed/28371611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26917259?dopt=Abstract
http://dx.doi.org/10.2174/1566524016666160225154304
http://www.ncbi.nlm.nih.gov/pubmed/21518319?dopt=Abstract
http://dx.doi.org/10.1111/j.1756-185X.2010.01578.x
http://www.ncbi.nlm.nih.gov/pubmed/16888751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16888751?dopt=Abstract
http://dx.doi.org/10.1002/med.20077
http://www.ncbi.nlm.nih.gov/pubmed/27285430?dopt=Abstract
http://dx.doi.org/10.1080/03008207.2016.1177036
http://www.ncbi.nlm.nih.gov/pubmed/14710506?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/27355131?dopt=Abstract
http://dx.doi.org/10.1016/j.intimp.2016.06.024
http://www.ncbi.nlm.nih.gov/pubmed/28662337?dopt=Abstract
http://dx.doi.org/10.1139/bcb-2017-0025
http://www.ncbi.nlm.nih.gov/pubmed/28320092?dopt=Abstract
http://dx.doi.org/10.1016/j.biopha.2017.01.130
http://www.ncbi.nlm.nih.gov/pubmed/19610045?dopt=Abstract


DANSHEN ATTENUATES OSTEOARTHRITIS 137

J., and Cui, S. 2017. Salvianolic acid B regulates gene ex-
pression and promotes cell viability in chondrocytes. J. Cell. 
Mol. Med. 21: 1835–1847. [Medline]  [CrossRef]

 32. Ye, Y.T., Zhong, W., Sun, P., Wang, D., Wang, C., Hu, L.M., 
and Qian, J.Q. 2017. Apoptosis induced by the methanol 
extract of Salvia miltiorrhiza Bunge in non-small cell lung 
cancer through PTEN-mediated inhibition of PI3K/Akt path-
way. J. Ethnopharmacol. 200: 107–116. [Medline]  [Cross-
Ref]

 33. Zhang, X., Chen, Y., Cai, G., Li, X., and Wang, D. 2017. 
Carnosic acid induces apoptosis of hepatocellular carcinoma 
cells via ROS-mediated mitochondrial pathway. Chem. Biol. 
Interact. 277: 91–100. [Medline]  [CrossRef]

 34. Zhang, Z.M., Shen, C., Li, H., Fan, Q., Ding, J., Jin, F.C., and 

Sha, L. 2016. Leptin induces the apoptosis of chondrocytes 
in an in vitro model of osteoarthritis via the JAK2-STAT3 
signaling pathway. Mol. Med. Rep. 13: 3684–3690. [Med-
line]  [CrossRef]

 35. Zhou, L., Zuo, Z., and Chow, M.S. 2005. Danshen: an over-
view of its chemistry, pharmacology, pharmacokinetics, and 
clinical use. J. Clin. Pharmacol. 45: 1345–1359. [Medline]  
[CrossRef]

 36. Zhou, X., Cheung, C.M., Yang, J.M., Or, P.M., Lee, W.Y., 
and Yeung, J.H. 2015. Danshen (Salvia miltiorrhiza) water 
extract inhibits paracetamol-induced toxicity in primary 
rat hepatocytes via reducing CYP2E1 activity and oxida-
tive stress. J. Pharm. Pharmacol. 67: 980–989. [Medline]  
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/28244648?dopt=Abstract
http://dx.doi.org/10.1111/jcmm.13104
http://www.ncbi.nlm.nih.gov/pubmed/28088493?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2016.12.051
http://dx.doi.org/10.1016/j.jep.2016.12.051
http://www.ncbi.nlm.nih.gov/pubmed/28918123?dopt=Abstract
http://dx.doi.org/10.1016/j.cbi.2017.09.005
http://www.ncbi.nlm.nih.gov/pubmed/26936086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26936086?dopt=Abstract
http://dx.doi.org/10.3892/mmr.2016.4970
http://www.ncbi.nlm.nih.gov/pubmed/16291709?dopt=Abstract
http://dx.doi.org/10.1177/0091270005282630
http://www.ncbi.nlm.nih.gov/pubmed/25645193?dopt=Abstract
http://dx.doi.org/10.1111/jphp.12381

