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Astilbin influences the progression of osteoarthritis in rats by
down-regulation of PGE-2 expression via the NF-kB pathway
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Background: Osteoarthritis (OA) is the most common joint disease, affecting most middle-aged and
elderly people. Astilin (AST) is the main active ingredient isolated from the traditional Chinese medicine
Astilbe chinensis and has anti-inflammatory and anti-arthritis effects. The purpose of this study was to
investigate the effect and mechanism of AST on OA in rats mediated by papain.

Methods: In this study, in vivo experiments were conducted to investigate the protective effect and
potential mechanism of Astilbin (AST) when it inhibited the development of osteoarthritis (OA).

Results: A rat model of OA is constructed. Through HE staining, it is found that AST can protect the
articular surface and reduce damage. The results of immunohistochemical staining also prove that AST can
inhibit the expression of prostaglandin E2 (PGE2) and has an excellent inhibitory effect on inflammatory
factors. It is found that AST can significantly inhibit the protein expression of interleukin 1 beta (IL-1p),
TNF-a, and NF-«B. Polymerase Chain Reaction (PCR) assay shows that the mRNA of IL-1p, TNF-a, and
NF-«B is down-regulated, which also proves that the protective mechanism of AST is related to the NF-«xB
pathway.

Conclusions: In general, this study proves that AST can be a potential therapy for degenerative joint
diseases, including OA.

Keywords: Astilbin (AST); osteoarthritis (OA); NF-kB signaling pathway; inflammatory cytokine; prostaglandin
E2 (PGE2)
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Introduction can be detected in the synovial fluid of patients with OA.

Chondrocytes are the cells in articular cartilage, which can

Osteoarthritis (OA) is a common chronic disease that affects balance the synthesis and degradation of the extracellular

middle-aged and elderly patients worldwide. It is mainly matrix (3). Chondrocytes obtained from OA patients

characterized by the progressive destruction of articular
cartilage, synovium, and peri-articular soft tissue (1). At
present, the treatment of OA includes conservative and
drug therapies (2). Pro-inflammatory cytokines produced
by the infiltration of inflammatory cells and chondrocytes
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will release interleukin 1 beta (IL-1f), which induces
the production of metalloproteinase (MMPs), leading
to cartilage degeneration (4). The inducible nitric oxide
synthase (iNOS) and cyclooxygenase (COX-2) are essential

mediators of matrix degradation, which promote the release
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of nitric oxide (NO) and prostaglandin E2 (PGE2), and
these inflammatory mediators can further cause pain and
enhance the inflammatory response (5).

Astilbin (AST), a natural flavonoid compound, is first
isolated from the rhizome of Astilbe chinensis, widely
used for its various pharmacological properties. It has
been reported that AST has various biological activities,
including anti-liver fibrosis (6), anti-oxidation (7), anti-
diabetic nephropathy (8), anti-inflammation (9), anti-
arthritis etc. Some studies also have shown AST can inhibit
bone marrow differentiation factor 88 (MyD88), p65, and
inhibitor KB kinase f (IKK B) through the NF-«B signal
pathway, to treat chronic inflammatory diseases including
rheumatoid arthritis (10). Also, AST has been proved to
have no genotoxicity, which further shows the tremendous
value of this compound in clinical application. Recent
studies have shown that AST can prevent renal damage by
inhibiting the expression of transforming growth factor-f
(T'GF-p1) and connective tissue growth factor (CTGF),
and protect the kidney by inhibiting the formation of
monosodium urate (MSU) and PGE2 and IL-1. These
studies supply convincing evidence for AST as a safe and
promising drug for the treatment of clinical diseases.

However, the efficacy and mechanism of the AST-
mediated inflammatory pathway in the treatment of OA
are not clear. Therefore, in this study, we used papain-
induced rats to evaluate the therapeutic effect of AST on
OA and further explore its possible molecular mechanism of
inflammation.

We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4485).

Methods
AST and main reagents

Pure AST is provided by Shanghai Yuanye Biotechnology
Co., Ltd. In the experiment, pure AST was dissolved
with phosphate buffer (PBS) and diluted with saline.
Pentobarbital sodium, papain, and cysteine were purchased
from Guangzhou Chemical Reagent Factory. Hematoxylin,
water-soluble eosin Y, toluidine blue O, paraformaldehyde,
and Ethylene Diamine Tetraacetic Acid (EDTA) were
from TAKARA, Japan. Anti- PEG2, B-actin, and other
monoclonal antibodies were purchased from Abcam, UK.
Finally, the immunohistochemical kit was purchased from
Boster, Wuhan, China) The fluorescence quantitative PCR
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detection kit was purchased from Baoshi, Dalian, China,
and the Prime Script RT kit were purchased from Takara,
Dalian, China.

Animals

SD rats, male, 12 weeks old, 200 mL 250 g, were bought
from the Experimental Animal Center of Guiyang College
of Traditional Chinese Medicine. The mice are in line
with the specific pathogen-free (SPF) conditions of the
Animal Care and Use Committee of Guiyang College of
Traditional Chinese Medicine, raised in the Experimental
Animal Center of Guiyang College of Traditional Chinese
Medicine and fed with routine water and food. All the
experiments conducted in this study are approved by the
experimental animal ethics committee of Guangdong
Medical Experimental Animal Center.

The establishment and intervention of the animal model

OA model was constructed in 12-week-old rats. Firstly, the
rats were randomly divided into four groups (n=24): drug
group, PBS group, OA group, and control group. The rats
in the drug group, PBS group, and OA group were injected
with 0.25 mL/kg of a mixed solution of 4% (w/v) papain
and 0.3 mol/L cysteine at the knee joint on the 1st, 3rd and
5th days, while the control group did not receive surgical
intervention. After the model was successfully established
in the four groups, 3 mg/kg of AST was given to the drug
group by gavage, the equal volume of PBS buffer was given
to PBS group by gavage, and the other two groups were
treated with an equal volume of saline at the same way, once
a day for 4 weeks. Four weeks after the operation, the mice
were euthanized with pentobarbital sodium, and the knee
joint tissue of all the mice was collected for further tests.

HE staining

We took the cartilage tissue of the knee joint of the rat out
and fixed it in 4% paraformaldehyde for 24 hours and then
dehydrate it with graded ethanol. Embed the waxed tissue
in the embedding machine and slice the trimmed wax block
on a paraffin slicer and cut it a thickness of 4 pm. After
routine dewaxing, the slices were stained with hematoxylin
for 8 min, washed with tap water for 1 min, and then stained
with 3 min in eosin solution. Finally, the slides were sealed
with gradient alcohol dehydration, transparent xylene, and
neutral gum.
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Gene Forward Reverse

IL-1p GACTTCACCATGGAACCCGT GGAGACTGCCCATTCTCGAC
TNF-a TTTCTGTGGTACCCTCTGTGC GATCGGTCCCAACAAGGAGG
NF-xB CTGAGAACTGCTCGTGGTGT GTTCCCATCAATACGCGTGC
PGE2 TGACTGTACCCGGACTGGAT TCCCTTGAAGTGGGTCAGGA
GAPDH CTCCTCGAAGTACCCTGTGC CATGGTGCAGCGATGCTTTA

Toluidine blue staining

After routine dewaxing, the slices were stained with 0.5%
toluidine blue solution for 30 min, washed with tap water,
then soaked in 0.5% glacial acetic acid for 5 s, and then
washed with distilled water. Finally, the slices were sealed
with gradient alcohol dehydration, transparent xylene, and
neutral gum, and the average optical density of toluidine
blue was analyzed.

Detect the PGE2 with the immunobistochemical method

According to the instructions of immunohistochemical
detection reagents, the slices were successively placed
in xylene I for 15 min, xylene II for 15 mis, anhydrous
ethanol I for 5 min, absolute alcohol 85%, 75% alcohol
for 5 min, and washed with distilled water, then placed in
37 °C incubators for 30 min, rinsed with PBS for 5 min,
3 times. Then soaked in 3% hydrogen peroxide (H,0,)
for 25 min, 3 times, to cut endogenous peroxidase activity.
Rinsed with PBS for 5 min, 3 times. The blocking solution,
5% bovine serum albumin (BSA), was dripped and kept at
room temperature for 30 min in a wet box. Wipe off the
sealing fluid with filter paper rather than wash. Incubate the
slice with primary antibodies of appropriate concentration
in a wet box at 4 °C overnight, then wash off the primary
antibody with PBS for 5 min, 3 times. Wipe off the PBS
outside the sample with filter paper. The biotinylated
secondary antibody solution is added to the slice and
incubated in a wet box at room temperature for 50 min,
with PBS for 5 min, 3 times to wash off the secondary
antibody. The fresh Diaminobenzidine (DAB) solution was
added to control the color development time under the
microscope. Brownish-yellow is positive. Rinse the slices
with tap water to stop the color development and rinse
thoroughly with tap water. Then re-stain with hematoxylin
for 3 min, dehydrate, transparent, and sealed with neutral
gum. Image J was used to analyze the percentage of positive
area in the results of immunohistochemistry.
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The detection of cartilage protein expression in each group

Western blot was used to detect the expression of IL-
1B, TNF-0, NF-xB, and PGE2 in the synovium tissue of
the keen rat joint of each group. The articular cartilage
was placed in a mortar, rapidly ground after adding liquid
nitrogen, after grinding, 1 g:4 mL of RIPA protein cleavage
solution was added to the mortar for cracking for one
time per 30 min. Two hours later, the lysate was placed in
a 1.5 mL centrifuge tube, centrifuged with 14,000 r/min
at 4 °C for 30 min. The 200 pL supernatant was absorbed
out and placed in a 0.6 mL centrifuge tube, 50 pL protein
loading buffer was added and boiled for 5 min, and samples
were injected according to the quantitative results of BCA
protein. Add 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) to react for 2 hours, and
5% skimmed milk powder at room temperature to seal for
2 hours. Then the add B-catenin antibody, IL-1p (1:1,000),
TNF-a (1:1,000), NF-kB (1:1,000) and PGE2 (1:1,000)
respectively as primary antibody and incubated overnight at
4 °C. Wash with TBST washing buffer for 10 min, 3 times.
Add goat anti-rabbit IgG/HRP antibody 4 mL as the
secondary antibody, incubated for 1 hour at room
temperature, wash with the washing buffer of TBST for
10 min, 3 times, and then developed through air exposure. The
gray-scale value was analyzed by gel graphic analysis Image
Lab, and the relative expression of the protein was calculated.

Real-time fluorescence quantitative PCR

The total mRNA of rat cartilage tissue was extracted by
TRIzol reagent. According to the instructions, mRNA was
reverse transcribed with the PrimeScript RT kit, and then
real-time PCR was conducted by using a Thermal Cycler
Dice real-time system with SYBR Green I dye. In this study,
we designed sequence-specific primers to produce products
between 104 and 421 bp in length, which were listed in 7zble 1.
The mean Ct value of the genes studied was standardized as
GAPDH, and the results were quantified by RQ (27**“"). All
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Figure 1 HE staining map of each group of slices (x40 times). Arrows indicate chondrocytes, and the cartilage matrix. (A) Control group; (B)
PBS group; (C) OA group; (D) drug group. PBS, phosphate buffer; OA, osteoarthritis.

experiments were repeated at least three times.

Statistical processing

The data were obtained from at least three independent
experiments and expressed with mean + standard deviation.
Single-factor analysis of variance (ANOVA) and #-test were
adopted for comparison between groups. The data were
analyzed by SPSS 20.0 (SPSS Company, Chicago, Illinois,
USA). When P<0.05, it was considered that the difference
was statistically significant.

Results
HE staining analysis

The articular cartilage of the drug group has a relatively

© Annals of Translational Medicine. All rights reserved.

smooth surface, neatly arranged cells, clear four-layer
structure, intact tidal line, normal matrix staining, and
the moderate thickness of cartilage. Meanwhile, in the
PBS group, compared with the drug group, there were
fewer chondrocytes, the disordered arrangement of cells,
light staining of the cartilage matrix, discontinuous tidal
line, and unclear four-layer structure. Compared with the
drug group, the OA group had irregular cartilage surfaces,
cracks, the disordered arrangement of cells, light staining
of the cartilage matrix, and loss of tidal line. However, in
the control group, the cartilage surface was smooth, the
arrangement of cells was regular, and the cartilage matrix
was moderately discolored (see Figure 1). Among them,
the drug group has the most significant improvement, and
the least joint damage, which is close to the results of the
control group, and the chondrocytes are neatly arranged,
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Figure 2 Toluidine blue staining map of each group of slices (x40 times). Arrows indicate chondrocytes. (A) Control group; (B) PBS group; (C)

OA group; (D) drug group. PBS, phosphate buffer; OA, osteoarthritis.

relative to PBS, with less cell damage.

Toluidine blue staining

The toluidine blue staining section showed that the
cartilage in the drug group was blue-purple with relatively
uniform staining. Meanwhile, the color depth was higher
than that in the OA group and the PBS group. The PBS
group had broken the structure and the rough surface layer,
where the staining became light. Additionally, the staining
depth and area in the OA group were lower than those in
the PBS group and the drug group, and an extensive area
showed a loss of staining in some parts, showing light blue.
Furthermore, the content of proteoglycan was significantly
lower in other groups. In the control group, the upper part
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of the cartilage was blue-purple, with dark staining, large
area, deep and uniform staining (see Figure 2).

Immunobistochemical results

The drug group had light staining and no apparent
brown expression. In the PBS group and the OA group,
a substantial number of brown staining can be observed,
while almost no brown staining was observed in the control
group. Compared with the control group, the expression
of PGE2 in the knee joint tissue of the model group and
the drug group increased. Meanwhile, compared with the
model group, the expression of PGE2 in the knee joint
tissue of the drug group decreased in varying degrees (see
Figure 3, lable 2).
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Figure 3 Toluidine blue staining map of each group of slices (x100 times). Arrows represent the expression of PGE2. (A) Control group; (B)
PBS group; (C) OA group; (D) Drug group. PBS, phosphate buffer; OA, osteoarthritis.

Table 2 Area percentage of positive immunohistochemical areas in
each group (X £ 5, %)

Group N Positive area percentage (% area)
Control group 6 1.58+0.27""

PBS group 6 23.1:£0.17*

OA group 6 26.8:0.49*

Drug group 6  7.8+0.27*

Compared with the control group, **, P<0.01; compared with the
PBS group, *, P<0.01; compared with the OA group, **, P<0.01.
PBS, phosphate buffer; OA, osteoarthritis.

Western blot

Western Blot detection suggested the protein contents of
IL-1B, TNF-a, PGE2, and NF-«B in cartilage tissue of rats

© Annals of Translational Medicine. All rights reserved.

in the drug group were significantly lower than those in the
PBS group and the OA group (P<0.01). Compared with the
PBS and OA group, the relative expression of each protein
in the control group decreased, yet the decrease in IL-1P
and NF-«xB was smaller than that in the drug group (see
Figure 4).

PCR

The results of RT-PCR indicated that compared with the
PBS group and the OA group, the mRNA levels of IL-
1B, TNF-0, and NF-kB in the cartilage of rats in the drug
group were significantly lower, with statistically significant
difference (P<0.05). The levels of PEG, in the cartilage
tissue in the drug group were not significantly lower than
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those in the PBS group, whereas the mRNA level of PEG,
in the drug group was significantly declined compared with
the OA group (P<0.05). There is no statistical significance
in each mRNA between the control group and the drug
group (see Figure 5).

Discussion

OA is a degenerative disease characterized by destruction
of cartilage. Earlier studies have shown that inflammatory
response and infiltration of inflammatory factors play a
crucial role in the pathogenesis of OA. The papain-induced
rat OA model has the advantages of high stability, convenient
operation, limited time and other strength, a classic
model used to evaluate the efficacy of drug treatment (11).
Therefore, this model was used to study the anti-
inflammatory and anti-OA functions of AST. Papain is
a proteolytic enzyme, and its mechanism of causing OA

© Annals of Translational Medicine. All rights reserved.

is considered the decomposition of proteoglycan in the
cartilage matrix, the removal of mitotic inhibitors on the
chondrocyte membrane, and the loss of proteoglycan from
the cartilage matrix. The researchers believed that one of
the earliest remarkable changes in human OA cartilage is an
increase in water and a decrease in proteoglycans (11).

The current theory is that inflammation plays a
determinant part in the development of OA (12). New
research shows that cartilage, bone, and synovium play a
crucial role in OA. Cartilage, bone, and synovium, as buffer
tissues, participating in the pain process of OA, are the
source of inflammatory mediators (13). Many studies have
shown that the down-regulation of inflammatory mediators
may have a protective impact on the development and
progress of OA. Although some breakthroughs have been
made in the pathogenesis of the disease, finding a treatment
is still a challenge. Relative to inflammatory joint disease,
there is no effective drug treatment for OA (14). Non-
steroidal anti-inflammatory drugs (NSAIDs) are widely
applied in the clinic, yet it can only temporarily alleviate
the symptoms of OA, but with increased risk of myocardial
infarction. As a traditional Chinese medicine, AST has been
reported to have a positive therapeutic effect on rheumatoid
arthritis (15). Previous studies have shown that AST in gout
mice can reduce the infiltration of inflammatory cells into
the synovium and reduce the erosive damage to cartilage,
but its mechanism needs to be further studied. In one study,
AST has been proved to effectively inhibit the production
of TNF-q, IL-1p, IL-6, and IL-12 (16).

In clinical practice, Astilbe chinensis is applied to treat
rheumatic joint pain. Astilbe chinensis contains flavonoids,
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terpenoids, and other active components, which are
often used in the treatment of rheumatoid arthritis, gout,
hyperuricemia, glomerulonephritis, urethral infection, and
other diseases (17). Studies have shown that the rhizome
extract of Astilbe chinensis can inhibit the activity of specific
inflammatory cells through immunomodulatory therapy,
but its mechanism is still unclear. Asparagus glycoside is
a dihydroflavonol derivative isolated from the rhizome
of Astilbe chinensis, which has various pharmacological
effects, including anti-oxidation, anti-inflammation,
anti-diabetes, and anti-nephropathy (18,19). Evidence
suggests AST selectively suppresses lymphocyte function
to reduce dysfunction in arthritis (20) and relieves contact
allergies (21). Furthermore, AST alleviates lupus
erythematosus symptoms by inhibiting activated immune
cells (22). Although it has been reported AST extracted
from Poria CocosAstilbe chinensis can inhibit inflammatory
factors and reduce immune response, but there is no report
on the application of AST in OA (15). Thus, the anti-
inflammatory mechanism of AST in the treatment of OA
still requires illustration. The study is the first to report
using AST in the treatment of OA.

Previous studies have shown that pro-inflammatory
factors, including iNOS and COX2, can aggravate
cartilage matrix damage and induce chondrocyte apoptosis
(23,24). Moreover, elevated iNOS and COX2 can further
promote the increase of inflammatory mediators, including
NO and PGE2 (25,26), the NF-«xB signal pathway has
been proved to be related to the pathogenesis of OA
(27,28). In the resting state, NF-«kB binds to the profilin
IxBo to be preserved into the cytoplasm. When stimulated
by inflammatory factors like IL-1p, IxBa is phosphorylated
and degraded, followed by the entering of P65
translocation into the nucleus. In the nucleus, p65 takes
part in the decomposition of metabolic enzymes and the
secretion of cytokines and inflammatory mediators. PGE2
is an inflammatory mediator produced by endogenous
arachidonic acid-induced by COX-2 through IL-1p, which
stimulates the expression of MMP and ADAMTSS as well.
As a subgroup of the member of collagenase, MMP-13
is one of the MMP that is most related to cartilage
catabolism. Moreover, ADAMTSS is regarded as a vital
factor in the cleavage of proteoglycan in the pathogenesis
of OA (29). Hence, drugs targeting the inhibition of
PGE2 through NF-«B have become an effective treatment
program for OA.

In this study, the HE staining suggested AST can protect
the articular surface and reduce damage. The results of

© Annals of Translational Medicine. All rights reserved.

Yang et al. The effect of astilbin on osteoarthritis in rats

immunohistochemical staining also proved that AST
could suppress the expression of PGE2 and had a superior
inhibitory effect on inflammatory factors. According to
Western blot analysis, it was found that AST can inhibit
the release of inflammatory proteins. At the meantime, in
the cartilage tissue of rats in the drug group, the mRNA
expression of IL-1B, TNF-o, PEG2, and NF-«kB was down-
regulated, indicating that the inflammatory response was
inhibited, and the inhibition of the inflammatory pathway
provided a favorable environment for the repairing of
articular cartilage, which played a regulatory and preventive
role in OA, delayed cartilage degeneration and promoted
cartilage repair.

Our results showed that AST significantly inhibits
PEGE2 through the NF-kB pathway and plays a critical
role in the development of OA. Although the study supplies
some experimental data and theoretical basis and expounds
the mechanism of traditional Chinese medicine monomer
in the treatment of OA. However, there are still some
limitations in the research, and further exploration of the
synergism between TLR, MAPK, PI3K/AKT, and other
inflammatory factors from the relevant molecular pathways
is demanded, which is also what the next step of the
research will focus.
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