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Introduction: Osteoarthritis (OA), a chronic joint disease, combines with massive inflamma-
tion and plays a vital role in cartilage degeneration. The main strategy in clinic is controlling
inflammation, thereby treating osteoarthritis. Salvianolic acid A (SAA) is a type of phenolic
acid, derived from a traditional chinese herbal medicine Danshen that is extensively used
clinically.

Methods and Results: We observed the anti-inflammatory and antiarthritic effects of SAA
in IL-1B-stimulated cells. We found that SAA evidently decreased the expression of mainly
inflammatory factors, exerted the remarkable effects of anti-inflammation and anti-arthritis.
Furthermore, SAA inhibited the expression of Matrix metalloproteinases (MMP1, MMP13),
and ADAMTS-5 and raised the synthesis of collagen II and aggrecan. Additionally, the
results indicated that SAA gave rise to the effects by down-regulation of NF-kB and p38/
MAPK pathways.

Discussion: Our study demonstrates that SAA may be a promising anti-inflammatory for the
treatment of OA in clinic.
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Introduction

Osteoarthritis, a common chronic inflammatory joint disease, deeply influences the
life quality of patients.' First, the degenerative changes occur in the cartilage,
bone, and other joint structures. Then osteoarthritis leads to swelling, pain, and
dysfunction along with cartilage degeneration and producing osteophyte.* Second,
with joint degeneration, many factors including MMP1, MMP13, ADAMTS-5
worsen cartilage degeneration and eventually result in osteoarthritis.” In present,
the main strategies for osteoarthritis are composed of anti-inflammatory treatment,
analgesic-based non-surgical treatment and surgical treatment.® But there are many
limitations including the life span of the prosthesis and prosthetic overhaul.” The
current therapeutic drugs of non-steroidal anti-inflammatory drugs (NSAIDs) could
treat cartilage degeneration and osteoarthritis in patients.®'° However, massive use
of NSAIDs could give rise to gastric ulcer.'''* Therefore, developing the effective
and safety drug for treating OA is of great value to patients.

SAA is an herbal phenolic acid isolated from the Chinese traditional herb Salvia
miltiorrhiza.'*'> It showed versatile pharmacological activities including having
protective effect against peroxidative damage to bio membranes and ameliorating
focal cerebral ischemia.'>'® It was also indicated to inhibit platelet aggregation and
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thrombotic diseases.'® ' However, there is no study upon
the effect of SAA on alleviating osteoarthritis symptom.
In our study, we aim to observe the effect of SAA,
a potential anti-inflammatory, on inflammation in vitro. We
focus on investigating the potential effects of SAA on
reducing the expression of major inflammatory cytokines
and ameliorating osteoarthritis in vitro, which could sup-
ply not only useful information for the treatment of such
bone disease, but also enhance the understanding of its
underlying mechanism. Thus, we used IL-1p to stimulate
human chondrocytes to induce OA in vitro and observed
whether salvianolic acid A could ameliorate OA. The
mechanism of delaying osteoarthritis progression with
inhibiting the relative pathways was also investigated.

Materials and Methods

Materials and Reagents
SAA (purity>98%) was
Biotechnology (Shanghai, China). Recombinant human

purchased from Yuanye

IL-1p was purchased from Novoprotein Scientific Inc.
(Shanghai, China). The primary antibodies against
MMP13, ADAMTS-5, collagen II, and aggrecan were
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). For other non-phosphorylation and phosphor-
ylation kinase antibodies, they were obtained from Cell
Signaling Technology (Danvers, MA, USA).

Cell Culture and Identification
The chondrocytes were obtained from patients with
osteoarthritis. We isolated human primary chondrocytes
using collagen II digestion. Cartilage was cut into pieces
in a sterile environment and digested by trypsin for 30 min
at 37°C with a 5% CO, atmosphere in the incubator. After
discarding the trypsin, the cartilage was soaked with cul-
ture medium containing 0.4% collagen II. This process
lasted for 24 h. After we obtained supernatant from the
digested tissue using low-speed centrifugation (800 r/min,
5 min), the sample was centrifuged at 1500 r/min for 5
min, washed with PBS, and centrifuged at 1200 r/min for 5
min again. Finally, we suspended the sediment using
hyclone high glucose medium containing 1% penicillin-
streptomycin and 10% foetal bovine serum, subsequently,
we placed the cell suspension in a 6 cm dish in an incu-
bator at 37°C in a 5% CO2 atmosphere.

Human chondrocytes were seeded on glass slips in 12-
well plates and cultured for 72 h. After chondrocytes were
washed 3 times with PBS solution, cells were fixed in 4%

paraformaldehyde solution for 10 min. Then we treated
cells with 1% toluidine blue solution for 30 min at room
temperature. Further, glass slips were washed in ethanol.
After drying, they were sealed. The chondrocytes were
detected with the microscope and photographs were cap-
tured. The fixed cells were permeabilized with 0.5% Triton
X-100 at room temperature for 20 min. Then cells were
sealed with bovine serum albumin. Further, cells were
incubated with collagen II antibody overnight at 4 °C,
FITC-conjugated secondary antibody was incubated for
1 h at 37 °C in the dark, and the coverslips were then
visualized and photos were captured.

All cartilage samples were obtained from the second
people’s hospital of Nantong. A written informed consent
was obtained from all the patients about the study. This
research was approved by the Ethics Committee of
the second people’s hospital of Nantong and carried out in
accordance with the principles of the Declaration of Helsinki.

Cell Viability Assay

Chondrocytes were cultured in 96-well plates and treated
with a series of concentrations of SAA (10, 20, 40,
80 pg/mL) and IL-1B (10 ng/mL) for 24 h at 37 °C. Cell
viability was measured by Cell Titer-Lumin Beyotime
(Shanghai, China). The experiment was repeated three
times. Data were collected with a multimode reader
(Tecan Infinite M1000).

Real-Time PCR

Total RNA was extracted from cells using TRIzol reagent
and then reverse transcribed to cDNA according to the
mRNA concentration. Quantitative real-time PCR was car-
ried out using an Agilent Mx3000P system with the follow-
ing conditions: pre-denaturation at 95°C for 5 min, then 40
cycles of 95°C for 10 s and 60°C for 30 s, followed by
a dissolution curve of 95°C for 15 s, 60°C for 30 s, and 95°
C for 15 s. The experiment was repeated three times. The
primer sequences used in this study are as follows: MMP-1:
forward: 5-AAATAGTGGCCCAGTGGTTG-3', reverse:
5'-CACATCAGGCACTCCACATC-3; MMP-13: forward:
5'-GACTTCCCAGGAATTGGTGA-3', reverse: 5'-TGACG
CGAACAATACGGTTA3'; COL2: forward: 5'-GGAGCA
GCAAGAGCAAGGAGAAG-3, reverse: 5-TGGACAGC
AGGCGTAGGAAGG-3'; aggrecan: forward: 5-ACCCC
TGAGGAACAGG-3, reverse: 5-GTGCCAGATCATCAC
CACAC-3"; ADAMTS-5: forward: 5-CTTGACGTTCGG
GCCTGA-3, reverse: 5'-CACTGTTTCTGGGTGCAGS3'.
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NF-kB p65 Activity Assay

Nuclear extracts from cells treated SSA were performed
using a Nuclear Extract kit (Cayman chemical,
10009277), and DNA-bind activity of NF-kB was exam-
ined using an NF-kB (p65) transcription factor assay kit
(Cayman chemical, 10007889) following the manufac-
turer’s instructions.

Western Blot Analysis

The cells were washed twice using PBS, after that the
proteins were extracted in a RIPA buffer and PMSF
(100:1) mixture, and the protein content was measured
after high-speed centrifugation at 4°C (12,000 g/min, 10
min). The protein isolation kit was selected for extracting
proteins from cytoplasmic and nuclear fractions, and their
concentrations were quantified by using a bicinchoninic
acid (BCA) kit (Thermo Scientific, IL, USA). Equal
amounts of protein were resolved with 10% SDS-PAGE
and transferred to PVDF membranes. The membranes
were incubated with blocking buffer for 1 h at room
temperature with gentle shaking and then probed with
the primary antibodies overnight at 4°C. After washing
three times with buffer for 10 min, the membranes were
incubated with secondary antibody for 2 h at room tem-
perature. The membranes were visualized with the
SuperSignal West Pico Chemiluminescent Substrate
(Thermo Scientific, USA).

Statistical Analysis

All data are presented as the meantstandard deviation.
A one-way analysis of variance (ANOVA) with GraphPad
8.0 (GraphPad Inc, San Diego USA) was used to analyze the
differences between groups. p<0.05 indicated statistical
significance.

Results
Identification of Human Primary
Chondrocytes

We first characterized human primary chondrocytes we
obtained using toluidine blue staining and immunohisto-
chemistry staining. Proteoglycan, which exists in the chon-
drocyte cytoplasm, can be stained by toluidine blue
staining. The results showed that human primary chondro-
cytes were spindle-shaped (Figure 1A). Additionally, col-
lagen II in human primary chondrocytes can also be
stained by immunohistochemistry staining (Figure 1B).
The staining results indicated that cells isolated from
articular cartilage are chondrocytes.

The Effects of Salvianolic Acid A (SAA) on
Cell Viability

Firstly, the chemical structure of SAA is shown in Figure 2A.
Next, the results of the cell viability assay showed (Figure 2B)
no significant cytotoxicity when cells were treated with the
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Figure | Identification of human primary chondrocytes. (A) Toluidine blue staining of human primary chondrocytes, and proteoglycans in chondrocytes were stained purple.
Scale bar, 100 um. (B) Collagen Il immunohistochemical staining of human primary chondrocytes.
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Figure 2 The chemical structure of SAA (A) and the effects of SAA on cell viability of Human primary chondrocytes (B) and (C). The experiment was repeated three times.

Data are presented as mean * standard deviation (SD).

different concentrations of SAA and IL-1p for 24 h. However,
with the increased dose of SAA (>80 pg/mL), the cell viability
may decrease. Thus, the effect of SAA on cells was observed
with amounts ranging from 5-80 pg/mL. Additionally, while
the cells were treated with IL-1B, SAA showed no significant
cytotoxicity (Figure 2C).

Effects of Salvianolic Acid A on Cytokines

Expression in Cells

The progress of OA is accompanied with inflammation.
Interestingly, large amounts of MMPs are occurring with
inflammation and lead to degradation of the extracellular
matrix. Further, we tested the effect of SAA on MMPI1,
MMP13, and ADAMTS-5 in cells. The results indicated that
the mRNA expressions following IL-1f stimulation was evi-
dently higher than that in untreated cells (Figure 3A-E).
Meanwhile, the results of Western blotting exhibited that the

levels of MMP1, MMP13 and ADAMTS-5 were also mark-
edly inhibited after SAA treatment. In terms of Aggrecan and
COL2AL, both results showed the inverse trends (Figure 3).

Effects of Salvianolic Acid A on

Inflammatory Mediators in Cells

The representative inflammatory mediators (contributed
to OA progression) including COX-2 and iNOS were
also measured by using Western blot and RT-gPCR
technologies. Interestingly, after the cells were pre-
treated with various concentrations of SAA (SAA) (10,
20, 40 pg/mL) for 2 h, followed by stimulating with or
without IL-1p (10 ng/mL) for 24 h, the expression of
these inflammatory factors decreased (Figure 4).
Therefore, a series of results indicated that SAA alle-
viates inflammation by regulating the secretion of

cytokines.
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Figure 3 Effect of SAA on the expression of matrix-degrading proteases and COL2 Al in IL-|B-induced chondrocytes. The mRNA expression levels of Aggrecan, ADAMTS-
5, MMP-13, MMP-1 and COL2 Al in human primary chondrocytes were measured by RT-qPCR (A-E). The expression of ADAMTS-5, Aggrecan, MMP-1, MMP-13 and COL2
Al was examined by Western blot analysis (F). *p < 0.05 vs the IL-1p group; **p < 0.01 vs the IL-I1B group; *p < 0.05 vs the control group; *p < 0.01 vs the control group;
The experiment was repeated three times. Data are presented as mean * standard deviation (SD).

Effect of Salvianolic Acid A on IL-1p-

Induced NF-kB and P38/MAPK Pathway

NF-kB signaling pathway plays a vital role in OA progres-
sion. Afterwards, we sought to detect the underlying
mechanism of the inhibitory effect of SAA. The results of
NF-kB p65 activity assay indicated that SAA treatment led
to a marked reduction in NF-kB activity, although il-1B-

induced NF-«xB activity (Figure 5A). In addition, Western
blotting assay indicated that IL-1f stimulation enhanced
p65’s phosphorylation, and SAA treatment inhibited IL-1p-
induced p65 phosphorylation (Figure 5B, C). The p38/
MAPK pathway was also activated in OA chondrocytes,
and results in MMPS’ expression and inflammatory media-
tors’ secretion. Figure 5D, E shows that IL-1B markedly
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Figure 5 Effect of SAA on IL-1B-induced NF-xB and p-38 signaling pathways (A-E). The expression of phosphorylated NF-kB p65 (p-NF-kB p65), total NF-kB pé5,
phosphorylated 38 (p-38), total p38 in human primary chondrocytes was tested by Western blot analysis. The experiment was repeated three times. Data are presented as
mean # standard deviation (SD); *p < 0.05 vs the IL-1B group; *p < 0.0 vs the IL-1B group; #p < 0.05 vs the control group; *p < 0.01 vs the control group.

enhanced the phosphorylation of p38, and SAA treatment
inhibited IL-1B- triggered p38 phosphorylation. In sum,
SAA may exert anti-inflammatory effects and suppress
MMPs expression by regulating the NF-«xB and p38/
MAPK signaling pathway.

Discussion

Osteoarthritis is a chronic degenerative disease based on
physical changes that can cause synovitis, meniscus injury,
various deformity and even disability. At present, non-

steroidal anti-inflammatory drugs (NSAIDs) can treat
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osteoarthritis effectively. Non-steroidal anti-inflammatory
drugs can relieve pain, improve joint function, and delay
joint structure damage; however, the long-term use of these
drugs may cause active peptic ulcers in the gastrointestinal
tract and does not effectively relieve the degeneration of
cartilage.

Interleukin-1p (IL-1B) is a pro-inflammatory cytokine
that is considered the key cytokine in the progression of
OA.*** Previous studies have demonstrated that IL-1p
induced the secretion of neutral metalloproteinases such as
MMPI, MMPI13, ADAMTS-5 from chondrocytes.**
Furthermore, IL-1f affected the anabolic activity of chon-
drocytes by inhibiting the synthesis of proteoglycan and
collagen II, eventually causing cartilage degeneration.
Proteoglycan is a component of articular cartilage that
plays an important role in maintaining structural integrity.
Recent studies have shown that ADAMTS-5 is a prominent
enzyme that promotes proteoglycan degradation in articular
cartilage.”® In addition, the stimulation of chondrocytes with
IL-1p promoted the expression of ADAMTS-5 and
decreased the production of proteoglycan. In this study,
SAA inhibited the expression of ADAMTS-5 in IL-1pB-
stimulated cells, indicated that SAA may be an effective
agent in osteoarthritis. Collagen II is one of the major com-
ponents of the extracellular matrix and plays a vital role in
cartilage degradation. Chondrocytes stimulated with IL-13
secreted MMPs that aggravated the destruction of the extra-
cellular matrix. MMPs play a vital role in the transformation
of osteoarthritis cartilage and the extracellular matrix. The
previous studies have shown that the expression of MMPs
was up-regulated in osteoarthritis cartilage,”® which
enhanced cartilage degradation by combination with the
MMP cleavage site on collagen II. Therefore, inhibiting the
expression of MMPs may be a promising treating strategy for
OA. Our results show that SAA can significantly suppress
IL-1pB-stimulated MMP1 and MMPI13 expression and
increase aggrecan expression, which demonstrated that
SAA could inhibit cartilage degradation and OA progressing.

Conclusions

Our results provide solid evidence that SAA inhibited the
expression of ADAMTS-5, MMPI1, and MMP13 and
increased the production of collagen II and aggrecan
through regulation of the NF-xkB pathway. Overall, we
demonstrate that SAA may be of great value to OA treat-
ment. However, lack of the experiments to compare its
effects on OA with the drug used in clinic is our paper’s
limitation.
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