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Ma et al.: Salvia Miltiorrhiza Extract in Traumatic Arthritis

Traumatic arthritis is a common joint disease. Salvia miltiorrhiza is a traditional Chinese medicine that 
has been used for the treatment of cardiovascular diseases and inflammation-related diseases. However, 
the efficacy and mechanism of Salvia miltiorrhiza extract on traumatic arthritis are still unclear. 60 rats 
were randomly divided into controls, traumatic arthritis group, and of Salvia miltiorrhiza extract treatment 
group. Traumatic arthritis model was established in groups B and C, and of Salvia miltiorrhiza extract 
was administered in group C. The expression levels of arthritis markers and inflammation-related factors 
were detected. Relative to group B, the relative expression level of serum malondialdehyde in group C was 
apparently decreased, and that of serum superoxide dismutase was apparently raised. The serum levels of 
tumor necrosis factor-alpha and nitric oxide in group C were apparently lower as against group B (p<0.05). 
In addition, the level of serum nuclear factor-kappa B protein in group C was apparently decreased, and the 
level of inhibitor of nuclear factor-kappa B was apparently raised (p<0.05). Salvia miltiorrhiza extract has 
a protective outcome on traumatic arthritis and can reduce the inflammatory response. Salvia miltiorrhiza 
extract can regulate inflammatory signaling pathways, and especially inhibit the expression of tumor necrosis 
factor-alpha.

Key words: Salvia miltiorrhiza extract, traumatic arthritis, tumor necrosis factor-alpha, molecular mechanism, 
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Traumatic Arthritis (TA) is a common joint 
disease, and its incidence is increasing year by 
year, which has brought serious impact on the 
quality of life and economic burden of patients[1]. 
Although there are some treatment options 
available at present, there is still a lack of effective 
treatment to prevent or reverse the progression 
of joint destruction. Therefore, the search for 
new therapeutic strategies and drugs has become 
a hot topic in the field of arthritis research.

Salvia miltiorrhiza (S. miltiorrhiza) is a Traditional 
Chinese Medicine (TCM) that has been widely 
used in cardiovascular diseases and inflammation-
related diseases[2]. S. miltiorrhiza and its extracts 
have a variety of pharmacological activities, 
such as anti-oxidation, anti-inflammation, anti-
fibrinolysis and anti-platelet aggregation[3]. 
The active ingredients in S. miltiorrhiza 
Extract (SME) include S. miltiorrhiza ketone, 

salvianolic acid B, S. miltiorrhiza acid, etc.,[4]. 
These components have been shown to have 
biological activities such as anti-inflammatory, 
anti-oxidation and inhibition of apoptosis[5].

In recent years, more and more studies have been 
conducted on the role of SME in arthritis. Some 
experimental studies have shown the protective 
outcome of SME on TA[6]. SME acts by reducing 
the inflammatory response, inhibiting the activity 
of key signaling pathways, and modulating the 
expression of arthritis markers[7]. In addition, 
SME are able to reduce joint pathological 
damage, promote joint repair, and improve 
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joint function[8,9]. These findings suggest a 
potential clinical application of SME in TA.

In the study of the protective outcome of SME 
on TA, the exploration of molecular mechanisms 
is an important direction. Several studies have 
shown that SME exert their protective outcomes 
by regulating multiple signaling pathways. Among 
them, the Nuclear Factor-Kappa B (NF-κB) and 
Mitochondria-Associated Protein Kinase (MAPK) 
signaling pathways have been widely studied 
and considered to be the targets of SME[10,11]. 
NF-κB and MAPK signaling pathways play a 
major role in inflammatory response and joint 
pathological injury, regulating the expression of 
a variety of inflammatory factors and apoptosis-
related factors[12]. By inhibiting the activation 
of these signaling pathways, SME mitigates the 
inflammatory response and cellular damage, 
thereby protecting the joint from further damage[13].

In addition, the inflammatory factor Tumor 
Necrosis Factor-Alpha (TNF-α) plays an 
important regulatory role in TA. TNF-α is an early 
inflammatory factor, and its overexpression is 
closely related to the occurrence and development 
of arthritis[14]. Studies have found that SME 
has a regulatory outcome on TNF-α and can 
suppress its induced inflammatory response and 
apoptosis[15]. This finding provides new insights 
into the mechanism of SME in TA treatment.

Although some progress has been made in terms 
of the protective outcome of SME on TA and its 
molecular mechanism, there are still some problems 
that need to be further solved. First, the active 
components in SME and their optimal dosage and 
route of administration in treatment still need to be 
further studied. In addition, more clinical studies 
are needed to verify the therapeutic efficacy 
and safety of SME in different disease stages.

Although there are still some challenges to 
overcome, the potential of SME as a natural 
medicine in TA treatment can’t be ignored. It has 
a variety of pharmacological activities, including 
anti-inflammatory, anti-oxidation, inhibition of 
apoptosis, etc., and is able to exert its effects 
through multiple signaling pathways. In addition, 
the regulatory effect of SME on TNF-α has also 
shown its importance in TA. Therefore, further 
studies on the molecular mechanism and clinical 
application prospects of SME will provide an 
important theoretical basis for the treatment of 

TA and provide new ideas for the development 
of new therapeutic strategies and drugs.

MATERIALS AND METHODS

Research materials:

Male Sprague-Dawley (SD) rats weighing (200-
250) g, (n=60) were used as subjects, obtained from 
the Laboratory Animal Center. All animals were 
adaptively housed for 1 w prior to the experiment 
to ensure their health status and relatively consistent 
baseline data. An inclusion criterion includes healthy 
rats, aged between (8-10) w, with no history of 
arthritis. Rats with other joint diseases, infections, or 
immune system abnormalities were excluded.

Reagents:

The main active ingredient of the tanshinone extract 
used was tanshinone, which was purchased from 
Xi’an Jinheng Chemical Co., Ltd. Rabbit anti-
rat Malondialdehyde (MDA)) antibody and rabbit 
anti-rat Superoxide Dismutase (SOD) antibody 
and rabbit anti-rat TNF-α antibody were purchased 
from Thermo Fisher Scientific (China) Co., Ltd.

Experimental grouping:

60 rats were randomly divided into the following 
three groups (n=20 each); Controls (A) received 
normal diet and water. TA group (B): The TA 
model was established. SME treatment group (C): 
Based on the establishment of TA model, SME 
was given by oral gavage, once a day, at a dose of 
6 mg/kg. Rats in controls and group B were given 
the same amount of normal saline by gavage.

Establishment of TA rat model:

Before surgery, the rats were fasted for 12 h but had 
access to water. The rats were made unconscious 
using an appropriate dose of an anesthetic, such as 
isoflurane, and the skin was disinfected adopting a 
sterile technique. A small incision was made in the 
right knee joint region of the rat, and then the TA 
model was established by cutting the joint capsule and 
stripping the synovium. It was to make sure to avoid 
rupture of the joint capsule during the procedure. After 
the TA model was established, the controls received 
the same surgical procedure without TA induction.

Specimen collection and detection:

7 d later, the rats were sacrificed, and the knee joints 
were fixed, decalcified, dehydrated, embedded, 
sectioned, and stained with Hematoxylin and Eosin 
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RESULTS AND DISCUSSION
Fig. 1 illustrates the comparison of Mankin scores in 
rats. The Mankin scores of rats in controls, groups 
B and C were 0.40±0.05, 6.47±1.21 and 3.29±0.83, 
respectively. Relative to the rats in controls, the rats 
in group B had an apparently superior Mankin score 
of the knee joint, and relative to the group B, the 
subjects with SME intervention had an apparently 
inferior Mankin score (p<0.05).

Fig. 2 illustrates the relative expression of MDA in 
the serum of rats. Relative to the rats in the controls, 
the relative expression of serum MDA in the groups 
B and C was apparently raised (p<0.05). Relative 
to group B, the relative expression of serum MDA 
in subjects with SME intervention was apparently 
decreased (p<0.05).

Fig. 3 illustrates the relative expression of serum SOD 
in rats. Relative to controls, the relative expression 
of serum SOD in groups B and C was apparently 
decreased, and as against group B, that was clearly 
raised in subjects with SME intervention (p<0.05).

Fig. 4 illustrates the contrast of serum TNF-content 
in rats. The serum TNF-α levels of controls, groups B 
and C were (94.28±14.03) ng/l, (182.39±26.02) ng/l 
and (134.52±19.89) ng/l, respectively. As against 
controls, the serum level of TNF-α in groups B and 
C was clearly raised, and as against group B, that had 
a clear decrease in subjects with SME intervention 
(p<0.05).

Fig. 5 illustrates the contrast of serum NO content 
in rats. The serum NO levels of controls, groups B 
and C were (19.41±3.14) μg/l, (64.27±8.96) μg/l 
and (34.62±7.35) μg/l, respectively. As against the 
controls, the serum NO content of the groups B and C 
had an obvious raise, and as against the group B, that 
of subjects with SME intervention had an obvious 
decrease (p<0.05).

Fig. 6 illustrates the contrast of serum I-κB protein 
in rats. Fig. 7 illustrates a contrast of serum NF-κB 
protein in rats. As against controls, the levels of 
serum I-κB protein had an obvious decrease, and 
the levels of NF-κB protein had a clear increase in 
groups B and C (p<0.05). As against group B, the 
level of serum I-κB protein was clearly raised, and 
the level of NF-κB protein had an obvious decrease 
in subjects with SME intervention (p<0.05).

Knee arthritis is a common degenerative joint 
disease, and its occurrence and development are 
closely related to oxidative stress, inflammatory 

(HE). The specimens were made into knee joint 
tissue samples, and the pathological changes of 
knee joints were observed. Knee tissue samples 
were adopted separately for the following tests.

Osteoarthritis tissue was scored by Mankin method. 
Western blot analysis was adopted to detect the 
protein expression levels of arthritis markers and 
inflammation-related factors: The protein levels 
of inhibitor of NF-κB protein (I-κB) and NF-κB 
in cartilage tissue samples were detected. Knee 
joint tissue samples were uniformly dissected and 
Radioimmunoprecipitation Assay (RIPA) lysate 
was adopted to extract total protein. The proteins 
were separated and transferred to polyacrylamide 
gels by Sodium Dodecyl-Sulfate Polyacrylamide 
Gel Electrophoresis (SDS-PAGE) and protein 
transfer, followed by immunodetection with specific 
antibodies, and the gray values of the immunoblot 
bands were analyzed with a gel imager. The 
experimental procedures were as follows; first, an 
appropriate amount of cartilage tissue was taken out, 
and the corresponding amount of cellular protein was 
added to extract the test solution, then the cartilage 
tissue was subjected to an ice bath for 2 h. Then, 
centrifugation was performed at 4° for 15 min. Then, 
the supernatant was taken for protein quantification. 
Then, 1/5th volume of 5× buffer was put under the same 
protein concentration. It was subjected to denaturation 
under boiling water, followed by electrophoresis, 
gel cutting, primary antibody incubation at 
4° overnight, image collection and analysis. 

Enzyme Linked Immunosorbent Assay (ELISA): 
The levels of SOD, MDA, Nitric Oxide (NO), and 
TNF-α in rat cartilage tissue were detected by ELISA 
kit purchased from Shanghai Jingkang Biological 
Engineering Co., Ltd. The operation method was 
strictly carried out according to the instructions.

Statistical methods:

Statistical Package for the Social Science (SPSS) 
19.0 statistical software was adopted for data 
processing, and the mean level of measurement data 
was expressed as mean±standard deviation (x̄±s). For 
the comparison of multiple groups of independent 
measurement data with equal variance in accordance 
with normal distribution, multivariate analysis of 
variance was adopted, and t-test was adopted for the 
comparison of means between groups. The count data 
were expressed as percentage (%). One-way analysis 
of variance and Chi-square (χ2) test were adopted, 
and p<0.05 was considered statistically significant.
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intervention. However, as against group B, the 
relative expression of MDA in serum was decreased, 
and that of SOD in serum was increased in subjects 
with SME intervention. It indicated that SME could 
protect against knee arthritis by reducing oxidative 
stress and enhancing antioxidant capacity. The serum 
levels of TNF-α and NO in group B and subjects 
with SME intervention had a marked increase. As 
against group B, the serum levels of TNF-α and NO 
in subjects with SME intervention had a marked 
decrease. It revealed that SME may improve the 
symptoms of knee arthritis by suppressing the 
inflammatory response.

According to the serum I-κB and NF-κB protein, 
the serum I-κB protein in group B and subjects with 
SME intervention had a marked decrease, while the 
NF-κB protein was markedly increased. As against 
group B, the serum I-κB protein in subjects with 
SME intervention was obviously raised, and the NF-
κB protein was markedly decreased. Therefore, SME 
may exert therapeutic outcomes on knee arthritis by 
modulating the NF-κB signaling pathway to suppress 
inflammatory responses.

response, and activation of NF-κB signaling 
pathway[16]. As a TCM, SME has shown a wide 
range of medicinal value in a variety of diseases, 
especially in antioxidant and anti-inflammatory 
effects[17,18]. Therefore, this article aimed to evaluate 
the potential of SME in knee arthritis in rats. The 
rats were assessed for disease severity (Mankin 
score), oxidative stress level (relative expression of 
MDA and SOD in serum), inflammatory response 
level (serum TNF-α and NO content), and regulation 
of NF-κB signaling pathway (serum I-κB and NF-
κB protein). It was to investigate the outcome of 
SME on knee arthritis and its possible mechanism.

According to the results of Mankin score, as against 
the controls, the Mankin score of the group B was 
clearly raised, while the score of subjects with SME 
intervention was markedly decreased. It suggested 
that SME had a therapeutic outcome on knee arthritis 
and can reduce the severity of the disease.

The results of serum MDA and SOD revealed the 
relative expression of serum MDA was markedly 
increased, while that of serum SOD had a marked 
decrease in group B and subjects with SME 

Fig. 1: Comparison of Mankin scores in rats
Note: (*): Against controls and (#): Relative to group B, all p<0.05

Fig. 2: Contrast of the relative expression of MDA in serum of rats
Note: (*): Relative to controls and (#): Relative to group B, all p<0.05, (  ): Group A; (  ): Group B and (  ): Group C
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Fig. 4: Contrast of serum TNF-α content in rats
Note: (*): Against controls and (#):Against group B, all p<0.05

Fig. 5: Contrast of serum NO content in rats
Note: (*): Against the serum NO content in controls and (#): Against the serum NO content in group B, all p<0.05

Fig. 3: Contrast of the relative expression of serum SOD in rats
Note: (*): Against controls and (#): Relative to group B, all p<0.05, (  ): Group A; (  ): Group B and (  ): Group C
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response[21]. NF-κB signaling pathway plays a 
major role in inflammatory response, and its 
activation is closely related to the occurrence 
and development of arthritis[22-24]. Therefore, 
SME may exert its anti-inflammatory effect 
by suppressing the NF-κB signaling pathway 
and reduce the inflammatory symptoms of TA.

However, despite the breakthrough of this article, 
there are still some limitations. First, this article 
adopted an animal model, so the application of the 
results to humans still needs to be further verified. 
Secondly, the mechanism of SME action is not 
explored in depth, and more studies are needed to 
elucidate its detailed molecular mechanisms. In 
addition, the therapeutic outcomes of SME may 
vary based on different stages and types of knee 
arthritis, and further studies are needed to optimize 
the treatment plan.

In conclusion, it revealed SME had the potential to 
alleviate the symptoms of knee osteoarthritis, which 

In contrast to previous similar studies, this article 
further clarified the therapeutic potential of SME 
in knee arthritis. S. miltiorrhiza, as an important 
medicinal herb, has been widely adopted in clinical 
practice for the treatment of a variety of diseases. As 
against other studies, this article more comprehensively 
evaluated the therapeutic outcomes of SME by 
comprehensively analyzing multiple indicators. The 
results showed that SME could markedly improve the 
symptoms of knee arthritis in rats, reduce the level of 
oxidative stress and inflammatory response, and play 
a role by regulating the NF-κB signaling pathway[19].

One study reported the therapeutic effect of SME on 
arthritis, and it improved the symptoms of arthritis 
by reducing the inflammatory response and oxidative 
stress levels[20]. This is consistent with the results of this 
article and supports the protective role of SME in TA.

In addition, it has been shown that SME 
has the ability to regulate the NF-κB signaling 
pathway, thereby suppressing the inflammatory 

Fig. 6: Contrast of serum I-κB protein in rats
Note: (*): Against controls and (#):Against group B, all p<0.05

Fig. 7: Contrast of serum NF-κB protein in rats
Note: (*): Against controls and (#):Against group B, all p<0.05
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may act by reducing oxidative stress, suppressing 
inflammatory response, and regulating NF-κB 
signaling pathway. Based on the medicinal value of 
SME in clinical applications, SME have important 
clinical application prospects in knee arthritis. 
However, further clinical studies and mechanistic 
studies are still necessary to further confirm its 
efficacy and elucidate its mechanism of action to 
provide more effective drug options for the treatment 
of knee arthritis.

The results of this article suggested the potential 
efficacy of SME in knee arthritis. By reducing disease 
severity, reducing oxidative stress, suppressing 
inflammatory response, and regulating NF-κB 
signaling pathway, SME have shown the ability to 
improve the symptoms of knee osteoarthritis. This 
is consistent with the medicinal value of SME 
as a TCM in antioxidant and anti-inflammatory 
aspects. However, there are some limitations in 
this article. First, the results from animal models 
need to be further validated in humans to determine 
the prospects for clinical application of SME. 
Secondly, despite the multiple indicators observed 
in this article, the mechanism of SME action has 
not been thoroughly studied, and more experiments 
are needed to elucidate its molecular mechanism. 
In addition, the efficacy of SME may be different 
for different types and stages of knee arthritis, and 
further studies are needed to optimize the treatment 
plan. In conclusion, SME indicated some therapeutic 
potential in knee arthritis, with the ability to alleviate 
symptoms, and may act by reducing oxidative stress, 
suppressing inflammatory response, and regulating 
NF-κB signaling pathway.
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