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ABSTRACT: Inflammation and oxidation are widely regarded as primary contributors to rheumatoid arthritis, with
macrophages such as murine RAW264.7 cells playing significant roles in the disease progression by secreting
inflammatory cytokines. Rhamnella gilgitica Mansf. et Melch (RG), a traditional Chinese plant medicine, has been shown
to have anti-inflammatory and anti-rheumatoid effects, although its underlying mechanism remains unclear. In this
study, we confirmed the anti-inflammatory and anti-oxidative effects of RG and investigated its protective mechanism.
The active components of RG were analyzed using LC-MS/MS. The components found included ursolic acid, daidzin,
simvastatin, chlorogenic acid, casticin, kaempferol, naringenin, azelanic acid, and vanillic acid. In addition, the contents
of kaempferol and naringenin were examined by HPLC. Results showed that RG significantly improved ankle joint
swelling, arthritis index, paw thickness, and ankle joint thickness; with decreasing serum levels of pro-inflammatory
cytokines’ such as IL-1β, IL-6, TNF-α, and RF. Furthermore, RG also inhibited the protein expression levels of IL-10
and IL-17, as well as the protein phosphorylation of MAPK signaling pathway including JNK, ERK, and P38 in ankle
cartilage of mice. In vivo, RG decreased the levels of NO, IL-1β, IL-6, TNF-α. and IL-17. Additionally, RG inhibited the
protein phosphorylation of JNK, ERK, and P38 in RAW264.7 cells stimulated by LPS. Overall, results suggested that
the underlying anti-inflammatory effects of RG could be associated with the inhibition of JNK, ERK, and P38 protein
phosphorylation.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune
disease characterized by inflammation, synovitis, car-
tilage erosion, and bone destruction, which affects
around 0.1% of the global population [1, 2]. RA
progression is caused by a variety of endogenous and
exogenous factors, including genetic and environmen-
tal factors, dietary habit, obesity, and bacterial infec-
tion [3]. The goals of RA treatment are to reduce
pain and inflammation and to prevent cartilage injury
and joint deformity [4]. Although nonsteroidal anti-
inflammatory drugs, disease-modifying anti-rheumatic
drugs, and glucocorticoids effectively relieve pain and
inhibit the inflammatory reaction, they are temporarily
administrated due to their severe hepatorenal toxicity
and other side effects [5, 6]. At the same time, tra-
ditional drugs have been proved to be beneficial for
RA treatment because of their reliably mild curative
effect and low toxicity. Notably, the herb extract ECa
233 has shown promising anti-inflammatory effects on
osteoarthritis, particularly at the mandibular joint. The
finding was demonstrated in recent studies involving

animal models similar to those used for rheumatoid
arthritis [7]. Traditional herbs contain various active
ingredients that can improve RA symptoms by interact-
ing with immune regulation, inflammatory response,
angiogenesis, miRNA, and oxidative stress, together
with good anti-RA activity [8]. Hence, the study of
traditional medicine for arthritis treatment has become
a highlight of researches for many scholars.

Rhamnella gilgitica Mansf. et Melch (RG), a tradi-
tional Tibetan medicine belonging to the rhamnaceae
plant, is recorded in Shel Gong Shel Phreng, mainly
distributed in Qinghai-Tibet Plateau at an altitude of
2600–2900 m. In the Tibetan medical theory, RG is
traditionally used to treat rheumatism, swelling, and
pain [9]. In our previous study, the anti-rheumatoid
arthritis effects of RG have been demonstrated in
arthritis rats [10]. In vitro experimental data showed
that the anti-inflammatory effect of RG was related to
inhibition of the NF-κB signaling pathway. Su et al [11]
found that the anti-RA effect of RG was to promote
cell apoptosis by mediating the expression of JAK/STAT
signaling pathway in the synovium region of collagen-
induced arthritis rats. The MAPK signaling pathway
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has been implicated in the development and deteri-
oration of RA, including cell proliferation, apoptosis,
differentiation, and inflammatory responses [12, 13].
Previous studies reported that the anti-rheumatoid
effect of RG was mainly and closely related to its anti-
inflammatory effect. However, are there any other
potential anti-inflammatory action mechanisms about
RG? If there are, are they related to the MAPK signaling
pathway? Therefore, the main focus of this study was
to find the answer to these questions.

MATERIALS AND METHODS

Chemicals and reagents

The tissue culture reagents used in this study: Dul-
becco’s Modified Eagle’s Medium (DMEM) and fetal
bovine serum (FBS) were acquired from Gibco BRL
(Grand Island, NY, USA). Enzyme-Linked Immunosor-
bent Assay (ELISA) kits for detecting interleukins (IL)-
1β, IL-6, IL-10, and IL-17; tumor necrosis factor (TNF)-
α; and rheumatoid factor (RF) were obtained from
R&D Systems (Minneapolis, MN, USA). The primary
antibodies, p38, p-p38, JNK, p-JNK, ERK, p-ERK, and
β-actin; and their respective secondary antibodies were
purchased from Cell Signaling Technology (Danvers,
MA, USA). Complete Freund’s adjuvant (CFA) and
other chemicals were acquired from Sigma-Aldrich
(St. Louis, MO, USA).

Preparation of RG

Rhamnella gilgitica Mansf. et Melch (RG), was collected
in Linzhi City, Tibet, in September 2022 and identified
by Professor Jule Wang from Tibet University, China.
Pulverized heartwood of RG was subjected to extrac-
tion using 70% EtOH as a solvent at a solid/liquid
ratio of 1:20 and with two repetitions of 2 h extraction
under reflux. The obtained mixture was filtered with
filter paper. The filtrate was subsequently evaporated
under vacuum to obtain the RG powder. The extraction
yield was 6.61%. The RG powder was stored at −20 °C
and compiled into the Component Bank of Tibetan
Medicine (CBTM-E317).

Analysis of RG main components

RG samples were subjected to UHPLC analysis using
a Vanquish UHPLC system (Thermo Fisher Scientific,
Waltham, MA, USA) equipped with a UPLC HSS T3
column (2.1 mm×100 mm, 1.8 µm) and coupled
to an Orbitrap Exploris 120 mass spectrometer (Or-
bitrap MS, Thermo Fisher Scientific). The mobile
phase consisted of 5 mmol/l ammonium acetate and
5 mmol/l acetic acid in water (A) and acetonitrile
(B). The autosampler temperature was maintained at
4 °C, and the injection volume was 2 µl. RG samples
were prepared by weighing 0.1 g of powdered herb
into a 10 ml volumetric flask, adding 75% methanol
to volume, and ultrasonically extracting at 40 °C for
30 min. The extract was cooled, topped up with 75%

methanol, mixed, and centrifuged at 12000 rpm for
10 min. The supernatant was used as the sample solu-
tion. The Orbitrap Exploris 120 mass spectrometer was
used in information-dependent acquisition (IDA) mode
to acquire MS/MS spectra controlled by the Xcalibur
software (Thermo Fisher Scientific). In this mode, the
acquisition software continuously evaluated the full
scan MS spectrum. The ESI source conditions were set
as follows: sheath gas flow rate, 50 Arb; Aux gas flow
rate, 15 Arb; capillary temperature, 320 °C; full MS
resolution, 60000; MS/MS resolution, 15000; collision
energy, 10/30/60 eV in Normalized Collision Energy
(NCE) mode; and spray voltages, 3.8 kV (positive) or
−3.4 kV (negative).

High performance liquid chromatography (HPLC)
of RG

Chromatography was conducted through gradient elu-
tion on an Agilent 1220 Infinity LC System (Agi-
lent Technologies, USA). Chromatographic separations
were performed using a Hypersil BDS C18 column
(4.6×250 mm, 5 µm, Thermo Fisher Scientific) at
25 °C with a flow rate of 1 ml/min. The mobile phase
consisted of acetonitrile (A) and 0.1% phosphoric acid
(B). The gradient elution program was set as follow:
15% (A) and 85% (B) for 0–40 min, and 25% (A)
and 75% (B) for 40–80 min. Chromatograms were
obtained with a UV detector at 360 nm.

Experimental animals

Eighty DBA/1 male mice were procured from the
Qingdao Institute for Food and Drug Control (approval
number: SYXK (Lu) 2022 0342). All animal experi-
mental procedures were approved by the Institutional
Animal Care and Use Committee of Qingdao Univer-
sity of Science and Technology (approval number:
ACQUST-2020-056) and were in accordance with the
ethical standards. Mice were housed in a clean envi-
ronment under a controlled 12 h light/12 h dark cycle
at a temperature of 22±2 °C, with ad libitum access to
food and water.

Experimental design

After one week of adaptive feeding, mice were ran-
domly divided into two groups. The first group (n =
10) was designated as normal control group (Con);
while the remaining seventy mice, rheumatoid arthritis
(RA) group. were induced to develop RA through the
subcutaneous injection of 50 µl of complete Freund’s
adjuvant into the foot pad of the right hind paw. Two
weeks after the injection, the RA group mice were
randomly divided into five groups (n = 10 per group)
according to treatment of drugs: rheumatoid arthritis
model (no drug) group (RA); methotrexate group as
the positive control (MTX, 1.3 mg/kg/day); low dose-
RG group (L-RG, 2047.5 mg/kg/day); middle dose-RG
group (M-RG, 4095 mg/kg/day); and high dose-RG
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group (H-RG, 8190 mg/kg/day). The drugs (MTX, L-
RG, M-RG, and H-RG) were administered once daily
via oral gavage. After 4 weeks of treatment and a
12 h fast, mice were euthanized using cervial dislo-
cation, and blood samples were collected for analysis.
Spleen, thymus, and ankle cartilage were removed and
stored for further experiment. Serum samples were
used to measure biochemical parameters. During the
experiment, arthritis index scores were assessed every
7 days for all groups; and paw and ankle joint thickness
of individual mice were measured. Arthritis scores
were assigned based on the following criteria: 0, no
redness or swelling of the ankle joint; 1, slight swelling
of the ankle; 2, moderate swelling of the ankle with
noticeable redness; 3, severe swelling of the whole
paw; 4, severe swelling and stiffness of the hind limbs.

Biochemical parameters

ELISA kits obtained from BOSTER Biological Technol-
ogy (Wuhan, China) were used to detect levels of IL-1β,
IL-6, TNF-α, and RF in serum and in cells supernatant.

Histopathological evaluations

Ankle cartilage specimens were fixed with 4%
paraformaldehyde for more than 24 h and subse-
quently embedded in paraffin. The specimens were
then sectioned to a thickness of 5 µm and subjected to
haematoxylin and eosin (H&E) staining to assess any
histopathological alterations.

Immunohistochemistry

Paraffin-embedded tissues were sectioned into 5 µm-
thick slices and mounted onto silanized slides, fol-
lowed by deparaffinization and hydration. Endoge-
nous peroxidase activity was blocked with 3% hydro-
gen peroxide in methanol. The tissue sections were
incubated in 5% normal goat serum in Tris-buffered
saline for 60 min and then incubated overnight to a
1:100 dilution of polyclonal goat anti-mouse IL-10, IL-
17, p-p38, p-JNK, and p-ERK antibodies, which were
obtained from Affinity Biosciences (OH, USA).

Cell culture and the viability assay

RAW264.7 macrophage cell line was obtained from
the China Center for Type Culture Collection (Wuhan,
China) and maintained in DMEM containing 10% FBS.
The cells were routinely cultured in a humidified in-
cubator with 5% CO2 at 37 °C. RAW264.7 cells were
seeded at a density of 8 × 103 cells/well in 96-well
plates and incubated for 12 h. Subsequently, the cells
were treated with various concentrations of RG for
12 h, followed by treatment with lipopolysaccharide
(LPS, 1 µg/ml) for 24 h. Cell viability was examined
by adding 50 µl of 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT, 2.5 mg/ml) to
each well. After 4 h, 150 µl of dimethyl sulfoxide
(DMSO) was added to each well to dissolve formazan

crystals formed by viable cells. The absorbance of the
dissolved formazan was measured at 490 nm. RG
was dissolved in DMSO (final culture concentration,
0.05%) for each experiment.

Measurements of levels of inflammatory factors in
cells

Cells were harvested and combined with Radioim-
munoprecipitation Assay (RIPA) lysis buffer (Solarbio,
Beijing, China), after which they were suspended and
maintained at 0 °C or on ice for a duration of 9 minutes
to promote cell lysis. Following this, the obtained
mixture was subjected to centrifugation at 15000× g
for a period of 15 min at 4 °C, yielding a supernatant
containing cell extracts. The levels of various cy-
tokines, namely IL-1β, IL-6, IL-17 and TNF-α, were
quantified using ELISA kits, and Griess method was
used to detect the NO production.

Western blot analysis

The RIPA buffer (Thermo Fisher Scientific) was used
to lyse the cells, and the total protein concentration
was determined using the BCA protein assay kit. The
protein samples were separated by 10%–15% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred onto PVDF membranes (Millipore, Bed-
ford, MA, USA). The membranes were incubated with
5% dried milk for 2 h and subsequently with diluted
primary antibody (1:1000) overnight at 4 °C. Following
this, the blottings were incubated with an appropri-
ate horseradish peroxidase-coupled goat anti-rabbit or
rabbit anti-mouse secondary antibody at room temper-
ature for 1.5 h. Finally, the blottings were visualized
using ECL Western Blotting Substrate (Amersham Bio-
science, Buckinghamshire, UK) and a ChemiDoc image
analyser (4600; Tanon, Shanghai, China).

Statistical analysis

All data were shown as mean±SD. Differences be-
tween two groups were analyzed using a two-tailed t-
test. Statistical significance was considered at p< 0.05
or p < 0.01.

RESULTS

LC-MS analysis of main components of RG

Previous reports have demonstrated that RG are rich in
phenolic acids and flavonoid glycosides. In this study,
the active constituents of RG were identified through
LC/MS analysis, revealing the presence of kaempferol,
naringenin, daidzin, ursolic acid, vanillic acid, casticin,
azelaic acid, simvastatin, and chlorogenic acid, as
summarized in Fig. 1.

HPLC analysis of RG

In our previous study [10], two active components
in RG were identified, kaempferol and naringenin.
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Fig. 1 LC-MS analysis showing main components of RG: A, total positive ion pattern; and B, total negative ion pattern.

Fig. 2A,B show the retention time of two active ingre-
dients in the standard and the extract sample, respec-
tively. The first marked peak was naringenin, and the
second one was kaempferol.

Effect of RG on the paw swelling of RA mice

As presented in Fig. 3A, the degree of swelling in
the left hind paw of mice was visually assessed.
The RA group exhibited a significant increase in
swelling compared with the Con group, while the H-
RG group demonstrated a noticeable improvement.
Moreover, the arthritis index score was determined
weekly throughout the experiment. As the study
progressed, a decline in the arthritis index score was
observed in the RG group (Fig. 3B). Finally, the paw
and joint thicknesses were measured, and the results
were shown in Fig. 3C,D, respectively. Compared with

the Con group, the paw and joint thicknesses of the
RA group significantly increased, while the RG-treated
mice exhibited a significant decrease in the thicknesses.
In addition, we observed that the complete Freund’s
adjuvant induced a marked increase in the thymus
index and spleen index in RA mice, which was dose-
dependently reversed by RG treatment (Fig. 3E,F).

Effects of RG on the serum levels of inflammatory
factors and cartilage tissue lesion in RA mice

In Fig. 4, the RA group had significantly elevated levels
of IL-1β, IL-6, TNF-α, and RF compared with the Con
group (p < 0.05 or p < 0.01). However, RG treat-
ment resulted in a dose-dependent reduction of the
serum levels of inflammatory factors, with significant
differences compared with the RA group (p < 0.05 or
p < 0.01). As illustrated in Fig. 4E, compared with
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Fig. 2 HPLC analysis of RG: A, chromatogram of the standard; B, chromatogram of the extract; peak 1, naringenin; peak 2,
kaempferol.

the Con group, the RA group demonstrated notable
inflammatory infiltration in the articular cavity carti-
lage, with intact articular cartilage tissue. However,
the RG group exhibited a substantial improvement in
this regard. Saffron O staining revealed the destruction
of cartilage tissue structure in the RA group, while
cartilage cells in the RG-treated mice were arranged
neatly and relatively complete (Fig. 4F).

Effect of RG on protein expressions of
inflammatory factors and MAPKs signaling
pathway in RA mice

Fig. 5 illustrates that the RA group had a decreased
expression level of the IL-10 anti-inflammatory factor
and an increased expression level of the IL-17 pro-
inflammatory factor, compared with the Con group.
Furthermore, the RA group had significantly increased
expression levels of phosphorylated P38, JNK, and

ERK, whereas treatment with methotrexate or RG sig-
nificantly increased the expression of IL-10, inhibited
the expression of IL-17, and suppressed the phospho-
rylation of P38, JNK, and ERK.

Effects of RG on the levels of inflammatory factor
in LPS-induced RAW264.7 cells

The viability of RAW264.7 cell was evaluated using the
MTT assay after treatment with various concentrations
of RG (25–400 µg/ml). As depicted in Fig. 6A, treat-
ment with 400 µg/ml of RG resulted in significant cy-
totoxicity against RAW264.7 cells. Therefore, further
experiments were conducted using RG concentrations
ranging from 25–200 µg/ml. Fig. 6B to Fig. 6E display
the effects of RG on inflammatory factor expressions
in LPS-stimulated RAW264.7 cells. LPS stimulation
significantly elevated the levels of NO, TNF-α, IL-1β,
IL-6, and IL-17 (p < 0.01), whereas RG treatment
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Fig. 3 Effects of RG on the RA mice: A, photos of swelling paws; B, arthritis score; C, paw thickness; D, joint thickness;
E, thymus index; and F, spleen index. The mice were treated with different doses of RG for 28 days after CFA inducement. (A)
to (D) were measured every 7 days while E and F were assessed post-treatment. Data are mean±SD, n= 10. ## p < 0.01 vs.
CON group, * p < 0.05 or ** p < 0.01 vs. RA group.

effectively reversed this elevation in a dose-dependent
manner (p < 0.05 or p < 0.01).

Effect of RG on the protein expressions of JNK,
ERK, and P38 phosphorylations in RAW264.7 cells

Fig. 7 shows that LPS stimulation significantly in-
creased the phosphorylations of JNK, ERK, and P38
in RAW264.7 cells. However, RG treatment dose-
dependently inhibited the phosphorylations of JNK,
ERK, and P38 compared with cells treated with LPS
alone (p < 0.05 or p < 0.01).

DISCUSSION

In our previous study, we utilized the HPLC method
to identify active components such as quercetin, narin-
genin, and kaempferol in the ethanol extract of RG [9];
and in this study, naringenin and kaempferol were
also identified as the main active components in RG
by HPLC. Additionally, we employed LC/MS to fur-
ther analyze and identify other components of RG.
Experimental data revealed that besides naringenin
and kaempferol, other active components in RG, e.g.,
daidzin, ursolic acid, vanillic acid, casticin, azelaic
acid, simvastatin, and chlorogenic acid were identified

by LC/MS. Many researches have demonstrated that
kaempferol, naringenin, ursolic acid, casticin, sim-
vastatin, and chlorogenic acid possess anti-arthritis
effects [10], whereas daidzin, vanillic acid, and azelaic
acid are known to have prominent anti-inflammatory
and antioxidant effects [14–16]. Therefore, the phar-
macological activities of these components provide a
theoretical basis for RG’s anti-arthritis effects.

Currently, there are numerous methods to estab-
lish RA animal models. Among these, arthritis induced
by complete Freund’s adjuvant in mice is one of the
classic and commonly used methods. This method is
characterized by secondary autoimmune swelling in
mice, which is highly similar to that in human patients.
The pathogenic mechanism is that the heat shock
protein in Mycobacterium tuberculosis is highly similar
to the proteoglycan bridge protein in articular carti-
lage, and T cells are activated and mistakenly attack
articular cartilage, causing arthrosis lesions [17, 18].
The most intuitive index to judge the drug effect is
whether the ankle joint is swollen. In the present study,
after complete Freund’s adjuvant induction in mice, the
swollen joints and the increased thicknesses of paw
and ankle joints in the RA mice were observed, indi-
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Table 1 LC-MS analysis of main components of RG.

Number Tentative Molecular Rt (min) Theoretical MW m/z m/z
Identification formula Mass m/z Traces(−) Traces(+)

1 Chlorogenic acid C16H18O9 3.42 355.1024 354.309 355.0992
2 Vanillic acid C8H8O4 3.90 167.0339 168.147 167.0349
3 Daidzin C21H20O9 4.51 415.1024 416.378 415.1028
4 Casticin C19H18O8 4.83 373.0918 374.341 373.0932
5 Azelaic acid C15H12O5 4.96 187.0965 188.221 187.0976
6 Naringenin C15H12O5 6.39 271.0601 272.253 271.0605
7 Kaempferol C15H10O6 6.47 285.0394 286.236 285.0402
8 Simvastatin C25H38O5 9.89 419.2792 418.566 419.2769
9 Ursolic acid C30H48O3 10.64 455.3520 456.700 455.3531

cating that the RA model was successfully established.
This conclusion was also confirmed by H&E staining
and saffron O staining. Inflammatory cells infiltrated
into cartilage tissue of RA mice, and cartilage matrix
obviously decreased; while RG treatment effectively
restored the aforementioned lesions. As thymus and
spleen are important parts of lymphocyte proliferation,
differentiation, and maturation; they play important

roles in normal immune function. Hence, the thymus
index and spleen index can measure the strength of
immune function. Complete Freund’s adjuvant induc-
tion increased the thymus index and spleen index of
RA mice, while the intervention of RG decreased both
indexes, indicating that RG effectively restored the
immune function of the mice.

In the pathogenesis of RA, MI-type pro-
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Fig. 6 Effects of RG on the levels of pro-inflammatory factors in LPS-induced RAW264.7 cells. A, Viability of cells treated with
various concentrations of RG compared with untreated control (set at 100%); B, nO production; C, TNF-α level; D, IL-6 level;
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inflammatory macrophages dominate and recruit
inflammatory cells, stimulate synovial cell migration
and adhesion, induce osteoclast activation, and

promote inflammatory response and bone destruction
[19, 20]. LPS-induced macrophages are commonly
used to establish in vitro inflammation models.
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Inflammation is the main cause of joint swelling and
deterioration, and persistent inflammatory reactions
lead to the infiltration of macrophages and recruitment
of various inflammatory cells, further enhancing the
production of inflammatory factors like ILs and
TNF-α, which play a crucial role in initiating synovial
hyperplasia and cartilage injury [21, 22]. RF is
positively correlated with the development of RA and
is clinically used for diagnosis [23]. Our experimental
results showed that RG treatment reduced the
secretion of TNF-α, IL-1β, IL-6, and RF. Thus, we
proposed that RG can improve cartilage injury in RA
mice by improving inflammatory response.

In patients with RA, the activation of M1
macrophage occurs in an inflammatory environment
dominated by Toll-like receptor (TLR) and interferon
(IFN) signaling, which promotes the production of
pro-inflammatory cytokines, chemokines, and matrix
metalloproteinases, leading to the generation, erosion
and progressive joint destruction of osteoclasts [24].
Distinct synovial tissue macrophage subsets can reg-
ulate inflammation and remission in RA [25], and
Liu et al [26] found that Sinomenine inhibited the
progression of rheumatoid arthritis by regulating the
form of macrophage subsets. Thus, studying the ex-
pression of macrophages and inflammatory factors is
of great significance for the treatment of RA. In a
previous study on RG, Su et al [11] reported that RG

exerted an anti-RA effect by regulating the JAK/STAT
signaling pathway to mediate cell inflammation and
apoptosis. In our previous study, we demonstrated that
RG inhibited LPS-induced macrophages and reduced
the secretion of inflammatory factors by suppressing
the activation of the NF-κB signaling pathway [10].
However, in this study, we discovered that the MAPK
pathway was activated in the cartilage tissue of RA
mice and the LPS-stimulated RAW264.7 cells. The
MAPK pathway, an essential signaling pathway for the
transmission of signals from cell membrane to nucleus,
primarily consists of P38, JNK, and ERK. In RA condi-
tions, MAPK activation is closely related to synovial hy-
perplasia, cartilage injury, and inflammatory reaction;
and its phosphorylation usually implies a high level of
inflammatory response [27]. Furthermore, it has been
proved in many studies that there is a certain corre-
lation among RA, macrophages and MAPK signaling
pathway. A study of Lu reported that fargesin blocked
M1 macrophage polarization by inhibiting the MAPK
pathways and downregulated expression of p-p38 and
p-ERK in M1 macrophage [28]. Zhou et al [29]
found that Kinsenoside attenuated osteoarthritis by
repolarizing macrophages through inactivating MAPK
signaling and protecting chondrocytes. Wang et al [30]
found that KP-10/Gpr54 attenuated RA through inac-
tivating MAPK signaling in macrophages. Therefore,
the activation of the MAPK signaling pathway might
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play a positive feedback regulation role in inflam-
mation and oxidative stress in macrophages. Our
results showed that after 4 weeks of RG treatment, the
phosphorylation expression of MAPK in cartilage tissue
of RA mice and in RAW264.7 cells induced by LPS
significantly decreased, and the levels of inflammatory
factors had been significantly decreased. Therefore,
we concluded that RG blocked high-level phosphoryla-
tion of the MAPK signaling pathway in macrophages;
thereby, weakening the pro-inflammatory effect of
macrophages during RA progression and ultimately
improving RA. Therefore, the inhibition of MAPK phos-
phorylation by RG is another potential mechanism to
effectively improve RA.

CONCLUSION

In this study, the potential pharmacological mechanism
of RG in RA was investigated. The anti-inflammatory
and antioxidant effects of RG were evaluated both
in vivo and in vitro experiments. Complete Freund’s
adjuvant induction-RA mice were used to demonstrate
the ameliorative effects of RG on the inflammatory
response. In vitro, RG was found to significantly
inhibit pro-inflammatory factors in RAW264.7 cells
induced by LPS. RG has therapeutic effects on RA
mainly through anti-inflammatory effects, and these
effects are closely related to the inhibition of MAPK
signaling pathway. The research results provided a
new perspective for further researches and extended
applications of RG in the treatment of RA.
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