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ABSTRACT
Context: Cinnamomi ramulus, the dry twig of Cinnamomum cassia Presl. (Lauraceae), has been reported
to exert several activities such as antitumor, anti-inflammatory, and analgesic effects.
Objective: This study investigates the effects of an aqueous extract of Cinnamomi ramulus (ACR) on
rheumatoid arthritis (RA).
Materials and methods: TNF-a-induced RA-derived fibroblast-like synoviocyte MH7A cells were incubated
with ACR (0.1–2mg/mL) for 24h. The proliferation was tested using CCK-8 and colony formation assays.
The migration and invasion abilities were measured using transwell tests and wound healing assays.
Apoptosis and cell cycle were examined by flow cytometry. The potential mechanisms were determined
by western blotting and quantitative real-time PCR. UPLC-QE-MS/MS was used for chromatographic ana-
lysis of ACR and its compounds were identified. Molecular docking strategy was used to screen the
potential anti-RA active compounds of ACR.
Results: We found that ACR induced apoptosis in MH7A cells at concentrations of 0.4, 0.8, and 1.2mg/
mL. The proliferation of MH7A cells was reduced and the cell cycle was blocked in the G2/M phase at
concentrations of 0.2, 0.4, 0.6mg/mL. Migration and invasion of MH7A cells were reduced through inhibit-
ing the expression of MMP-1, MMP-2, and MMP-3. The molecular docking strategy results showed that 9
compounds in ACR have good affinity with protein crystal, and benzyl cinnamate (10–100mg/mL) could
inhibit cell migration and induce apoptosis.
Conclusions: The anti-RA effect of ACR may be attributed to its anti-proliferative and anti-migration
effects on synovial fibroblasts. These data suggest that Cinnamomi ramulus may have therapeutic value
for the treatment of RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune joint disease
characterized by synovial tissue inflammation, articular cartilage
destruction, and joints malformation, whose exact cause is still
not completely known (M€uller-Ladner et al. 2005; Scott and
Steer 2007). Synovial fibroblasts (SFs) play an important role in
cartilage destruction by mediating most of the relevant pathways.
Increasing evidence has suggested that activated SFs can manifest
similar properties of tumour-like cells, such as hyperproliferation
and insufficient apoptosis (Bustamante et al. 2017). The uncon-
trolled proliferation of SFs has been thought to contribute to the
formation of RA (Huber et al. 2006). Meanwhile, SFs can also
spontaneously secrete numerous pro-inflammatory cytokines and

matrix metalloproteinases (MMPs), which play an important role
in progressive destruction of articular cartilage (Abeles and
Pillinger 2006; Malemud 2017). Thus, promoting apoptosis and
inhibiting proliferation of SFs are believed to exert potential
therapeutic effects on RA.

Cinnamomi ramulus, the dry twig of Cinnamomum cassia
Presl. (Lauraceae), known as ‘Guizhi’ in China and ‘Geiji’ in
Korea, has traditionally been used to relieve chronic joint pain in
patients with arthritis (Kim et al. 2017; Zhang, Peng, et al. 2019).
It is reported that the extract of Cinnamomi ramulus has a var-
iety of biological activities, including antitumor, anti-inflamma-
tory and analgesic activities (Sun et al. 2016; Park et al. 2018).
These bioactivities of Cinnamomi ramulus might be dependent
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on the presence of certain classes of compounds in this plant,
such as phenylpropanoids, monoterpenoids, sesquiterpenoids,
sterols, etc. (Liu et al. 2018). Although the therapeutic potential
of Cinnamomi ramulus for inflammatory reactions has been
investigated, its effects on RA are currently poorly understood.
In previous studies, we found that the traditional Chinese recipe
guizhi-shaoyao-zhimu decoction has a significant anti-arthritic
effect (Zhang, Peng, et al. 2019), and Cinnamomi ramulus is one
of the most important herbal medicines in this traditional
Chinese medicine (TCM) formula. In addition, there are also
many other anti-RA TCM formulas with Cinnamomi ramulus as
the main component, such as huangqi guizhi wuwu decoction,
guizhi fuzi decoction, and chai hu guizhi ganjiang decoction, etc.
(Kang et al. 2019; Yang 2019; Zeng et al. 2019). Some modern
studies have confirmed the anti-RA potential of Cinnamomi
ramulus, but the detailed molecular mechanisms remain unclear.

In this paper, we assessed the anti-RA effects of ACR on RA-
derived fibroblast-like synoviocyte MH7A cells, focussing on pos-
sible mechanisms associated with suppressing proliferation, inva-
sion and migration of MH7A cells, and inducing cell cycle arrest
and apoptosis. In addition, we used the molecular docking to
study the interactions between the main compounds of ACR and
the RA-associated protein targets. And the influence of an
important active component isolated from ACR on cell migra-
tion and apoptosis was discussed. Therefore, our present study
provides a direction for anti-RA mechanism and drug research,
as well as a reference for new treatment strategies of RA and the
clinical application and development of Cinnamomi ramulus.

Materials and methods

Reagents and chemicals

Foetal bovine serum (FBS), phosphate buffered saline (PBS),
penicillin-streptomycin, trypsin-EDTA and Dulbecco’s modified
Eagle medium (DMEM) were purchased from GIBCO (Grand
Island, NY, USA). The human TNF-a (tumour necrosis factor-a)
was purchased from Pepro Tech (Rocky Hill, NJ, USA). Griess
reagent, dimethyl sulfoxide (DMSO), Cell Counting Kit-8 (CCK-
8 kit), BCA Protein Assay Kit, and Annexin V-FITC/PI apoptosis
kits were purchased from the BOSTER Biol.Tech. Co. (Wuhan,
China). Cell Cycle Staining kits were purchased from Beyotime
Biotechnology Company (Haimen, China). TRIzolTM Plus RNA
Purification Kit (Invitrogen life technology, Carlsbad, CA, USA),
ReverTra AceVR qPCR RT Master Mix (Beans Biol Tech. Co.,
Tokyo, Japan) and SYBR Green RT-PCR reaction kit (QPK-201,
Toyobo, Tokyo, Japan) were used in RT-PCR experiment. Benzyl
cinnamate was purchased from the Desite Biology Co., Ltd.,
(Chengdu, China).

Cell culture

Human synovial cell line MH7A and normal human fibroblast-
like synoviocytes (HFLS) were purchased from the Beina
Biological Company (Beijing, China), and cultured in DMEM
medium with 10% FBS at 37 �C in 5% CO2 humidified atmos-
phere. Cells were passaged every 3–4 days, and cells obtained
from the 5th to 10th passages were used for the experimen-
tal procedures.

Preparation of an aqueous extract of Cinnamomi
ramulus (ACR)

For laboratory study, authentic plant materials were purchased
from the Neautus Chinese Herbal Pieces Ltd. Co. (Chengdu,
China) on May 18, 2019, and were identified by Prof. Chun-Jie
Wu (School of Pharmacy, Chengdu University of Traditional
Chinese Medicine). A voucher specimen (CD123) has been
deposited at Pharmacognosy Laboratory at Chengdu University
of Traditional Chinese Medicine, China. Plant materials (200 g)
were air-dried and cut into small pieces. The prepared samples
were soaked by 300mL of distilled water for 2 h and then left to
boil for 1 h in a closed flask. Afterwards, the filtrates were cooled
to room temperature and subsequently freeze-dried (�20 �C) to
obtain the dry extract (0.6678 g). Then, the lyophilized powder of
ACR was dissolved in DMEM at the appropriate concentrations
for further experiments.

Cell viability assay

Cell viability was determined using the CCK-8 kit according to
the instruction of manufacturer. Briefly, MH7A cells were seeded
at 5� 103 cells/well in 96-well culture plates in DMEM contain-
ing 10% FBS, incubated overnight. Then cells were stimulated
with TNF-a (20 ng/mL) and exposed at various concentrations of
ACR for 24 h. After that, CCK-8 was added to each well of the
plate and incubated at 37 �C for 1.5 h. The resulting optical dens-
ity was detected at 450 nm by a multi-detection iMARK micro-
plate reader (BIO-RAD, Hercules, CA, USA).

Apoptosis assay

MH7A cells (5� 105 cells/well) were seeded onto 6-well plates
and cultured for 12 h. After the incubation, cells were treated
with different concentrations ACR (0.4, 0.8, 1.2mg/mL) and
TNF-a (20 ng/mL) for 24 h. After treatment, the cells were har-
vested and washed with PBS, and subsequently stained with
AnnexinV FITC/PI apoptosis assay kit according to the manufac-
turer’s instructions. Afterward, apoptosis was analysed by laser
scanning confocal microscope (Leica TCS SP8 STED, Heidelberg,
Germany) and FACS Calibur flow cytometry (Becton Dickinson,
San Jose, CA, USA).

Cell cycle assay

MH7A cells (5� 105 cells/well) were inoculated on 6-well plates
and cultured for 12 h. Cells were incubated with different con-
centrations of ACR (0.2, 0.4, 0.6mg/mL) and TNF-a (20 ng/mL)
for 24 h. For analysis of the cell cycle distribution, the super-
natant was discarded, and attached cells were harvested and fixed
in cold 75% ethanol. The cells were then kept at �20 �C for 24 h
before analysis. Cells were stained with propidium iodide (PI;
Sigmar), and the DNA content was determined by FACS Calibur
flow cytometry (Becton Dickinson, San Jose, CA, USA) to ana-
lyse the cell cycle.

Scratch wound healing experiment

Cell migration assay was performed by the scratch wound heal-
ing assay. MH7A cells (5� 105 cells/well) were seeded into a 6-
well plate, and when the cells covered the whole bottom surface
of the well, the serum-free medium was used to continue the

864 J. LIU ET AL.



culture for 12 h, so as to eliminate the influence of normal cell
growth on the scratch experimental results. After that, a p200
pipet tip was used to make a scratch at the bottom of the well,
and the cells were treated with TNF-a (20 ng/mL) and ACR (0.2,
0.4 and 0.6mg/mL). After 24 h of scratch, cells were stained with
crystal violet, and an inverted microscope (Nikon TS2, Tokyo,
Japan) was used to observe and photograph the scratch area, and
then the distance change of the scratch area was measured
and analysed.

Transwell experiment

Transwell chamber was used to assess the migration and inva-
sion capacity of cells. The cells (1� 105 cells/well) were seeded
in a serum-free medium in the upper chamber of transwell
(Corning Inc, Corning, NY, USA), and a DMEM medium con-
taining 20% serum in the lower chamber, and cells treated with
TNF-a (20 ng/mL) or ACR (0.2, 0.4 and 0.6mg/mL) for 24 h.
After that, the transwell chambers were removed, and the cells
inside the membrane were gently scraped off with a cotton swab,
while the cells outside the membrane were thought to be migra-
tory or invasive. The migratory or invasive cells were fixed with
4% paraformaldehyde at room temperature for 20min, washed
with PBS three times, and stained with crystal violet for 10min.
Finally, an inverted microscope (Nikon TS2, Tokyo, Japan) was
used to observe and photograph. Image J software (version 1.51,
NIH, MD) was used to count invasive cells. In contrast to the
migration experiment, 0.1% matrigel (BD) was spread at the bot-
tom of the transwell chamber in the invasion experiment.

Colony formation assay

MH7A cells (1� 103 cell/well) were seeded in 6-well plates and
treated with TNF-a (20 ng/mL) and ACR (0.2, 0.4 and 0.6mg/
mL) for 24 h. The cells were cultured in a new medium for a
week. Then the cells were immobilized and stained with crystal
violet, and the number of colony formation was counted in a
random microscopic field and the photos were taken.

Western blot analysis (WB)

MH7A cells (5� 105 cell/well) were treated with TNF-a (20 ng/
mL) and various concentrations of ACR (0.2, 0.4, 0.6mg/mL) for
24 h. RIPA lysis buffer (containing protease and phosphatase
inhibitors) was used to collect protein from cell samples. The
supernatant of lysate was boiled, and total protein was measured
using a BCA kit. Proteins were separated by SDS-PAGE, and
then transferred to polyvinylidene fluoride (PVDF) membrane.
The membranes were blocked with 5% BSA (Bovine
SerumAlbumin) in TBST (Tris-Buffered Saline and Tween 20) at
room temperature for 1 h, followed by exposure to the corre-
sponding primary antibodies overnight at 4 �C. After washing
with TBST for three times, the membranes were incubated with
the secondary antibodies. Proteins were scanned using the ECL
detection system, and the gel images were analysed using the
Image J (v1.51) image processing software.

RNA extraction and quantitative real-time PCR (qPCR)

According to the manufacturer’s instructions, total RNA was
extracted using Trizol reagent, and each sample was reverse tran-
scribed using the cDNA synthesis kit. The mRNA expression of

MMP-1, 2 and 3, P53, P21, CDK4 and cyclin D were determined
by qRT-PCR assays using SYBR Green PCR Premix Ex Taq II
reagents on a Light Cycler 480 II real-time system (Roche,
Mannheim, Germany). GAPDH, a house-keeping gene, was used
for was used as a quantitative control for RNA levels. Relative
gene expression was calculated by the DDCt method. The sequen-
ces for the relevant primers are listed in Table 1. qPCR was run
with an initial denaturation step at 95 �C for 30 s, followed by
extension step at 57 �C and 30 s for 44 cycles.

Qualitative UPLC-QE-MS/MS analysis

For qualitative analysis, a Thermo Scientific Q Exactive Orbitrap
HRMS (Thermo Fisher Scientific, Massachusetts, USA) was con-
nected to a Thermo Scientific Vanquish UPLC (Thermo Fisher
Scientific, Massachusetts, USA). Chromatographic separation was
achieved on a Thermo ScientificTM AccucoreTM C18 (3� 100mm,
2.6lm) in a thermostatically controlled column compartment
(30 �C). The aqueous and organic mobile phases used were 0.1%
formic acid in water (A) and methyl alcohol (B), respectively. A
gradient elution system was set up as follows: 0–20min, 5–80% B;
20–30min, 80–95% B; 30.1–35min, 95–5% B. The flow rate was
0.3mL/min, and 2lL of the extraction was injected to the LC
system. The instrument was operated in positive ion mode to
perform full-scan analysis over an m/z range of 100–1500. And the
optimized parameters were set as follows: the sheath gas flow rate –
35L/min; spray voltage – 3000 V; capillary temperature – 320 V;
aux gas flow rate – 10.00L/min; max spray current – 100A; probe
heater temperature – 350 �C; S-lens RF level – 50.00%.

Molecular docking studies

According to the preliminary analysis by UPLC-QE-MS/MS,
ACR contained 9 chemical components. We found the structure
formulas of these compounds in PubChem (https://pubchem.
ncbi.nlm.nih.gov/), and used ChemDraw software (version 14.0,
CambridgeSoft, Cambridge, MA, USA) to draw the structures of
these compounds and save them as MOL files. Then, according
to the previous WB and q-PCR results, Bcl-2, caspase 3, MMP3,
CDC2, cyclin B1, CDK4, P21, P53 and cyclin D were selected as
the functional targets of RA. Human protein complex crystals
with prototype small molecular ligands for these targets were
downloaded from the PDB (http://www.rcsb.org) website, and
the standard names of selected targets were confirmed by
Uniprot (http://www.uniprot.org/). Molecular docking was per-
formed using Discovery studio software (DS, version 4.5.0,

Table 1. Primer sequences used for quantitative real-time PCR.

Target genes Sequence

MMP-1 Forward:
Reverse:

CTCAATTTCACTTCTGTTTTCTG
CATCTCTGTCGGCAAATTCGT

MMP-2 Forward:
Reverse:

CGGTGCCCAAGAATAGATG
AAAGGAGAAGAGCCTGAAGTG

MMP-3 Forward:
Reverse:

GGCTTCAGTACCTTCCCAGG
GCAGCAACCAGGAATAGGTT

p53 Forward:
Reverse:

CAGCCAAGTCTGTGACTTGCACGTAC
CTATGTCGAAAAGTGTTTCTGTCATC

p21 Forward:
Reverse:

AGATGTCCAGCCAGCTGCACCTGAC
CTATGTCGAAAGTGTTTCTGTCATC

CDK4 Forward:
Reverse:

ACGCCTGTGGTGGTTACG
CCATCTCTGGCACCACTGAC

Cyclin D Forward:
Reverse:

CAAACAGATCATCCGCAAAC
GCGTGTGAGGCGGTAGT

GAPDH Forward:
Reverse:

AGCCACATCGCTCAGACAC
GCCCAATACGACCAAATCC
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Biovea Inc., Omaha, NE, USA). In simple terms, after importing
the target protein crystal composite and the MOL files of com-
pounds into DS software, Ligand Docking module and molecular
Docking of rigid Docking were used according to prototype
Ligand binding site. Compounds with higher docking scores
than the prototype ligand were considered as the active com-
pounds capable of binding to the target.

Effects of benzyl cinnamate on cell migration and apoptosis
in synovial fibroblasts

In order to explore the effects of compound 9 (benzyl cinna-
mate) on cell migration and apoptosis in synovial fibroblasts,
MH7A cells were treated with TNF-a (20 ng/mL) and different
concentrations benzyl cinnamate (10–100lg/mL) for 24 h, and
the cell viability was evaluated by CCK-8. Based on the above
experimental methods, after MH7A cells were treated with TNF-
a (20 ng/mL) and benzyl cinnamate (10, 20, 40lg/mL) for 24 h,
the cell migration was determined by the wound healing assay
and apoptosis was tested by flow cytometry.

Statistical analysis

All results were presented as mean± standard deviation (SD).
Statistical significance between groups was analysed by Student’s
t-test or ANOVA of SPSS software (version 19). Statistical sig-
nificance was defined as a p< 0.05.

Results

ACR inhibits the proliferation of synovial fibroblasts

CCK-8 assay was carried out to examine the cytotoxicity of ACR
(0.1, 0.2, 0.4, 0.8, 1.0 and 2.0mg/mL) on TNF-a stimulated
MH7A cells. As shown in Figure 1, it revealed that ACR could
inhibit the proliferation of MH7A cells in a concentration-
dependent manner. Interestingly, ACR had no obvious effect on
HFLS cells viability at the same concentration (Supplementary

Figure S1). Therefore, the ACR concentration (0.2–1.2mg/mL)
used in this experiment was suitable for the in vitro studies of
MH7A RA-derived fibroblast-like synoviocytes.

Furthermore, colony formation is an in vitro cell survival
assay based on the ability of a single cell to grow into a colony.
The assay essentially tests every cell in the population for its abil-
ity to undergo ‘unlimited’ division, and to measure the prolifer-
ation capacity of the cells (Franken et al. 2006). Similar to the
results of CCK-8 assay, colony formation assay showed that ACR
(0.2, 0.4 and 0.6mg/mL) significantly and concentration-depend-
ently inhibited the colony formation rate (p< 0.001), compared
to the TNF-a group (MH7A cells treated by TNF-a alone)
(Figure 2).

ACR induces apoptosis in synovial fibroblasts

In order to determine whether the cytotoxic effects of ACR on
MH7A cells are related to induction of apoptosis or not, flow
cytometry and laser scanning confocal microscope with
AnnexinV FITC/PI staining were used to determine the apop-
tosis in MH7A cells. As shown in Figure 3, different concentra-
tions of ACR (0.4, 0.8, 1.2mg/mL) could significantly induce the
apoptosis of MH7A cells (p< 0.001), compared to the TNF-a
group. Furthermore, similar to the results of flow cytometry ana-
lysis, the MH7A cells treated with ACR (0.4, 0.8, 1.2mg/mL)
were also observed using laser scanning confocal microscope to
exhibit early and late apoptotic characteristics (Figure 4).

Furthermore, we analysed the effect of ACR on expression of
apoptosis-associated proteins by western blotting assays. As
shown in Figure 5, ACR (0.2, 0.4, 0.6mg/mL) significantly ele-
vated the expression of Cleaved (C)-caspase-3 (p< 0.001) and
Bax (p< 0.001), whereas reduced the expressions of Bcl-2
(p< 0.001) in concentration-dependent manner compared to the
TNF-a group, which was consistent with results from previous
apoptosis analysis.

Figure 1. Cytotoxicity of ACR on MH7A cells. MH7A cells were treated with different concentrations of ACR (0.1, 0.2, 0.4, 0.8, 1.0 and 2.0mg/mL) for 24 h, and cell via-
bility was measured by CCK-8 assay. ACR: an aqueous extract of Cinnamomi ramulus.
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Figure 2. Colony formation assays. Equal numbers of MH7A cells were plated and treated with various concentrations of ACR for 10 days. The number of colony for-
mation was counted in a random microscopic field. Data are expressed as mean±SD (n¼ 3), ���p< 0.001, vs. TNF-a group. ACR: an aqueous extract of
Cinnamomi ramulus.

Figure 3. Effect of ACR on apoptosis of MH7A cells. MH7A cells were treated with ACR (0.4, 0.8, 1.2mg/mL) for 24 h, followed by assessment of apoptosis by flow
cytometric analysis. Data are expressed as mean± SD (n¼ 3), ��p< 0.01, ���p< 0.001, vs. TNF-a group. ACR: an aqueous extract of Cinnamomi ramulus.
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ACR induces G2/M phase arrest in synovial fibroblasts

The effect of ACR on cell cycle distribution was studied by flow
cytometric analysis. The results showed that ACR (0.2, 0.4,
0.6mg/mL) treatments resulted in a concentration-dependent
increase in the proportion of G2 phase cells, accompanied by a
decrease in G1 phase cells (Figure 6). Therefore, in order to fur-
ther investigate whether the cell cycle arrest due to the exposure
to ACR or not, we examined the relative levels of cell cycle-
related genes and proteins after treatment with different concen-
trations of ACR (0.2, 0.4, 0.6mg/mL). Western blotting and q-
PCR assays showed that compared with the TNF-a group, ACR
treatment (0.2, 0.4, 0.6mg/mL) resulted in the up-regulation of
cyclin D (p< 0.01), P53 (p< 0.01) and P21 (p< 0.01),

accompanied by the down-regulation of CDK4 (p< 0.01), cyclin
B1(p< 0.01) and CDC2 (p< 0.01) (Figures 5 and 7). These
results were consistent with the results of G2 cell cycle arrest
obtained by flow cytometry, and confirming the involvement of
ACR in the regulation of cell cycle.

ACR inhibits cell migration and invasion in synovial
fibroblasts

The wound healing and transwell assays carried out to determine
the cell migration and invasion in MH7A cells, and the results
showed that ACR (0.2, 0.4, 0.6mg/mL) can inhibit cell migration
and invasion of MH7A cells with a concentration-dependent

Figure 4. ACR induces apoptosis in MH7A cells. MH7A cells were treated with ACR (0.4, 0.8, 1.2mg/mL) for 24 h, followed by assessment of apoptosis under laser
scanning confocal microscope. ACR: an aqueous extract of Cinnamomi ramulus.
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Figure 5. Results of the western blotting assays. Western blot analysis was applied to detect the protein level of C-caspase-3, Bax, Bcl-2, cyclin B1 and CDC2 in MH7A
treated with ACR (0.2, 0.4, 0.6mg/mL) for 24 h. b-Actin was used as the sample loading control, Data are expressed as mean± SD (n¼ 3), ��p< 0.01,���p< 0.001, vs.
TNF-a group. ACR: an aqueous extract of Cinnamomi ramulus.

Figure 6. Effect of ACR on the cell cycle in MH7A cells. Flow cytometry was used to assess the cell cycle rate of MH7A cells treated with various concentrations of
ACR (0.2, 0.4, 0.6mg/mL). Histogram represented the statistical analysis of the relative expression level of G2/M related proteins. Data are expressed as mean± SD
(n¼ 3). ACR: an aqueous extract of Cinnamomi ramulus.
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manner. In the wound healing assay (Figure 8(A)), we found
that the scratch prepared by pipette tip in the normal and TNF-
a groups were almost fully filled with MH7A cells, while the cells
migratory ability in the ACR-treated group were decreased.
Similar to the results of wound healing assay, significant
decreased cells were detected in ACR (0.2, 0.4, 0.6mg/mL)
treated MH7A cells in the transwell migration experiment
(p< 0.01), compared to the TNF-a groups (Figure 8(B)).
Furthermore, transwell chambers with matrigel were used to
detect the invasive capacity of MH7A cells. The results showed
ACR (0.2, 0.4, 0.6mg/mL) caused significant suppression of the
invasive cells in the matrigel-transwell experiment (p< 0.001),
compared to the TNF-a group (Figure 9).

Cell migration and invasion are closely related to matrix deg-
radation, a process mainly dependent on the activities of degrad-
ation enzymes such as MMPs (Araki and Mimura 2017). The
quantitative real-time PCR (q-PCR) assays of MMP-1, 2 and 3
were carried out to explore its related molecular mechanism. As
shown in Figure 10, all testing MMPs (including MMP-1, MMP-
2, MMP-3) were significantly increased by TNF-a stimulation
(p< 0.001), compared to the normal MH7A cells. Interestingly,
the increased MMPs could be markedly reduced by ACR (0.2,
0.4, 0.6mg/mL) (p< 0.01) compared to the TNF-a group. The
data mentioned above manifested that ACR could obviously
reduce the migration and invasion of TNF-a stimulated MH7A
cells via suppression of MMPs expression.

Results of constituent analysis of ACR by UPLC-QE-MS/MS

UPLC-QE-MS/MS was used to analyse the freeze-dried powder of
ACR, as shown in the materials and methods section. Figure 11
showed the MS total ion chromatograms (TIC) provided by analysis
of the ACR in positive ionization modes. To qualitatively investigate
the main constituents of ACR, we confirmed the identity of the
analyte by comparing individual retention times (tR), online MS
spectra and reference standards in the literature. Peaks 1–9 were
unequivocally identified as anisic acid, coumarin, 2-methoxycin-
namic acid, coniferyl aldehyde, azelaic acid, cinnamic acid, cinna-
maldehyde, 4-methoxy-cinnamaldehyde and benzyl cinnamate,
respectively. Reference standards were used to confirm the retention
times, accurate mass and fragment ions. Tentatively identified com-
pounds in the ACR (Figure 11) and the main parameters support-
ing their identification are presented in Table 2.

Molecular docking study

In order to study the active substance basis of Cinnamomi ramulus
for its anti-RA effects, the molecular docking strategy was carried
out to screen the identified 9 compounds. The active targets of
molecular docking were proteins and genes studied in cell apop-
tosis, cell cycle, cell migration and invasion experiments. Nine
potential protein targets were ultimately determined and their target
protein–ligand crystal complexes were downloaded from the PDB

Figure 7. Results of the RT-PCR analysis on P53, P21, CDK4 and cyclin D. Quantitative real-time PCR was performed as described in the Materials and methods. Data
are expressed as mean±SD (n¼ 3), ��p< 0.01, ���p< 0.001, vs. TNF-a group. ACR: an aqueous extract of Cinnamomi ramulus.
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(Table 3). The experimental results showed that compound 9 (ben-
zyl cinnamate) had a good affinity with these selected protein tar-
gets, and its docking score was much higher than that of the
prototype ligand of the target proteins, suggesting that compound 9
might be an important active component of Cinnamomi ramulus
for its anti-RA effects. The results are shown in Figure 12.

Benzyl cinnamate inhabits cell apoptosis and migration in
synovial fibroblasts

The effect of benzyl cinnamate on MH7A cells viability was eval-
uated. Our results showed that benzyl cinnamate (10–100mg/mL)
did not affect cell viability of HFLS, while markedly reduced MH7A
cells proliferation (Figure 13(A,B)). We chose 10, 20 and 40lg/mL

benzyl cinnamate for use in the follow-up experiments to reveal cell
apoptosis and migration effects. As shown in Figure 13(C), the early
and late apoptotic cells were both markedly increased after treat-
ment with benzyl cinnamate. Moreover, the apoptosis rate increased
with the increase of benzyl cinnamate concentration. As shown in
Figure 13(D), cell migration was increased in MH7A cells treated
with TNF-a alone compared with normal group, but benzyl cinna-
mate treatment markedly inhibited TNF-a-induced cell migration.

Discussion

At present, the pathogenesis of RA is considered to be a multi-
factorial interaction process, and its occurrence and expression
are influenced by many risk factors such as heredity and

Figure 8. Effects of ACR on migration ability of MH7A cells in wound healing test (A) and transwell migration assay (B) of MH7A cells (200�). Data are expressed as
mean± SD (n¼ 3), ��p< 0.01, ���p< 0.001, vs. TNF-a group. ACR: an aqueous extract of Cinnamomi ramulus.
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environment (Alamanos and Drosos 2005). The pathogenesis of
RA is associated with a variety of cell types, and SFs has been
identified as the responsible cell for destruction of cartilage and
bone. Activated SFs in RA show excessive proliferation, loss of
contact inhibition and increased migration (Bartok and Firestein
2010). Unfortunately, although there are many RA treatment
options available, including traditional disease-modifying anti-
rheumatic drugs (DMARDs) and currently available biologicals
agents, the general effectiveness of these drugs has been far from
satisfaction (Gabay et al. 2014). Therefore, we should pay more
attention to the development of novel drugs for treating RA.
Numerous previous reports indicated that the extract of
Cinnamomi ramulus has a variety of biological actions, including
anti-microbial, anti-inflammation, and anti-RA activities. On the

basis of the known anti-inflammatory and anti-RA effects of
Cinnamomi ramulus, we investigated the effects of ACR on RA
using human synovial cell line MH7A cells and its underly-
ing mechanisms.

In the present study, CCK-8 assays results showed that ACR
significantly inhibited the cell proliferation in a dose-dependent
manner, indicating that ACR exerted potent anti-proliferative
effect on MH7A cells. To investigate the mechanism of ACR
inhibiting synovial cell proliferation, we evaluated the ability of
ACR to induce MH7A cells apoptosis and cycle arrest.
Promoting programmed cell death (apoptosis) is an important
strategy for RA therapy (Liu and Pope 2003; Li and Wan 2013;
Zhang, Liu, et al. 2019). There are two main ways for apoptosis:
the death receptor way and the intrinsic mitochondrial way. The

Figure 9. ACR suppresses the invasion ability of MH7A cells. Cell invasion abilities were detected by Matrigel Transwell assay. Cinnamomi ramulus reduced the inva-
sion of MH7A cells in dose-depended manner as demonstrated by representative microscope graphs (200�). Data are expressed as mean± SD (n¼ 3), ��p< 0.01,���p< 0.001, vs. TNF-a group. ACR: an aqueous extract of Cinnamomi ramulus.

Figure 10. ACR suppresses the expression of MMPs. The mRNA levels of MMP-1, -2 and -3 were determined by using Quantitative real-time PCR (q-PCR). Data are
expressed as mean± SD (n¼ 3), ��p< 0.01, ���p< 0.001, vs. TNF-a group. ACR: an aqueous extract of Cinnamomi ramulus.
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intrinsic mitochondrial mediated apoptosis is considered to be
the more critical way of the two (Stevens and Oltean 2019; Yoon
et al. 2020). Mitochondrial mediated apoptosis is largely regu-
lated by the Bcl-2 protein family. It is well known that among

the Bcl-2 family proteins, anti-apoptotic proteins such as Bcl-2
can inhibit apoptosis, while pro-apoptotic proteins such as Bax
can activate apoptosis (Wang and Zhao 2019). In this study, our
results showed that ACR increased the expression of Bax in
MH7A cells, as well as decreased the expression of Bcl-2 protein.
Moreover, the expression of C-caspases-3 was significantly up-
regulated in MH7A cells by ACR. These results collectively indi-
cated that ACR has obvious pro-apoptotic effect on MH7A cells.

Cell cycle control is the major regulatory mechanism of cell
growth, and the core of this process is the cyclin-dependent kin-
ases (Cdks), which complex with the cyclin proteins (Dalton
2015). In G2-M transition, the cyclin-dependent protein kinase
complex (CDC2-cyclin B1 complex) could be used as a marker
of G2/M phase arrest (Park et al. 2000). P53 protein is a key
tumour suppressor in cells. Through downregulating the expres-
sion of gene products critical to cell cycle progression, the

Figure 11. Result of the UPLC-QE-MS/MS assays of ACR. The MS total ion chromatograms (TIC) of ACR and chemical structures of identified compounds in ACR. ACR:
an aqueous extract of Cinnamomi ramulus.

Table 2. Chemical constituents identified from ACR.

Peak tR (min) Measured mass (m/z) MS/MS fragments (m/z) Identification

1 1.32 153.05481 [MþH]þ 135, 107, 92, 77 Anisic acid (Aliboni et al. 2011)
2 9.72 147.04434 [MþH]þ 103, 91, 77, 65 Coumarin (Chen et al. 2016)
3 12.01 179.07014 [MþH]þ 161, 137, 135 2-Methoxycinnamic acid (Yang 2017)
4 12.39 179.07024 [MþH]þ 161, 147, 119, 107, 91, 79, 65 Coniferyl aldehyde (Yang 2017)
5 13.07 189.09706 [MþH]þ 152, 124, 111, 98, 84, 83, 73, 69, 60, 55 , 41 Azelaic acid (He et al. 2002)
6 13.89 149.05971 [MþH]þ 131, 123, 103 Cinnamic acid (Chen et al. 2016)
7 15.15 133.06502 [MþH]þ 115, 105, 103, 91, 79, 77, 55 Cinnamaldehyde (Chen et al. 2016)
8 18.08 163.07555 [MþH]þ 145, 135, 121, 105, 79, 55 4-Methoxycinnamaldehyde (Chen et al. 2016)
9 28.84 239.10709 [MþH]þ 238, 193, 131, 103, 91, 77, 65 Benzyl cinnamate (Son et al. 2014)

Table 3. Information of the 9 potential target proteins investigated in the pre-
sent study.

Uniport ID PDB ID Target Protein Gene

P10415 6RNU Apoptosis regulator Bcl-2 Bcl-2
P42574 3H0E Caspase-3 Caspase 3
P14635 4Y72 G2/mitotic-specific cyclin-B1 Cyclin B1
P24385 6GUB G1/S-specific cyclin-D1 Cyclin D
P38936 5XVA Cyclin-dependent kinase inhibitor 1 P21
P04637 6ET4 Cellular tumour antigen p53 P53
P11802 1H00 Cyclin-dependent kinase 4 CDK 4
P06493 6FT8 Cyclin-dependent kinase 1 CDC 2
A5GZ70 1D5J Matrix metalloproteinase 3 MMP3
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activation of P53 tumour suppressor could lead to cell cycle
arrest (Engeland 2018). Furthermore, P21 act as cyclin-depend-
ent kinase inhibitors to arrest cells in the G2/M phase (Li et al.
2015). The cyclin D-CDK4 complex plays a role in G1 phase,
and the cell cycle enters G1 phase when CDK4 and CDK6 form
active complexes with D-type cyclins. However, a recent study
found that CDK4 plays an unexpected role in the G2/M check-
point (Brookes et al. 2015; Sheppard et al. 2015). In this study,
we detected the distribution of cell cycle of MH7A cells by flow
cytometry and found that ACR can significantly increase the
proportion of MH7A cells in G2/M phase in a concentration-
dependent manner. Therefore, we speculated that ACR could
induce G2/M phase arrest of MH7A cells. To further verify this
hypothesis, western blotting and q-PCR assays were performed
to detect the expression levels of cycle-related proteins. The
results showed that ACR could reduce the expression of CDC2
and cyclin B1 in MH7A cells and up-regulate P53, P21 and cyc-
lin D. In addition, we also found that ACR can down-regulate
the expression of CDK4. Therefore, ACR-induced G2/M block-
ade may be due to up-regulation of P53, P21 and cyclin D, and
down-regulation of cyclin B1, CDC2 and CDK4.

Current studies have found that stimulated SFs migrated to
intra-articular structures, leading to cartilage and bone damage,

which is a major change in the pathogenesis of RA (Bottini and
Firestein 2013). In the present study, the reduced numbers of trans-
membrane cells in transwell chambers and the scratch wound assays
showed that ACR could suppress the migration and invasive cap-
acity of MH7A cells. MMPs, a family of zinc-dependent proteases,
are the main proteases for invasion and degradation of basement
membranes and extracellular matrix. According to previous study,
inhibition of MMPs can significantly reduce cell invasion and
migration of synovial fibroblasts (Ma et al. 2014). In our study, we
found out that ACR concentration-dependently suppressed the
expressions of MMP-1, MMP-2 and MMP-3.

TCM has the characteristics of multiple components and mul-
tiple targets, resulting in its unclear basis of medicinal substances
and unclear mechanism of action, which seriously restricts the
development and promotion of TCM. In recent years, molecular
docking method has become an important technology in the field
of computer-aided drug research, which can realize rapid and high-
throughput screening of potential drugs and greatly reduce the
research and development cost and time (Peng et al. 2018).
Therefore, more and more researchers have introduced molecular
docking into the study of TCM. In this study, molecular docking
results showed that the compounds in ACR had a good affinity
with protein crystals. Notably, the docking fraction of benzyl

Figure 12. The represented results for the proposed action mode of molecular docking. Molecular docking analyses of benzyl cinnamate (compound 9) to the binding
site of human and Bcl-2 (A), caspase 3 (B), MMP3 (C), CDC2 (D), cyclin D (E), cyclin B1 (F), P21 (G), CDK4 (H) and P53 (I) proteins.
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cinnamate with nine proteins was higher than that of the prototype
ligand, indicating that benzyl cinnamate may be closely related to
the anti-RA effect of Cinnamomi ramulus. Previous studies have
reported that benzyl cinnamate has anti-hypertension, antibacterial
and antioxidant activities, etc. (Ohno et al. 2008; Tanapichatsakul
et al. 2018). However, there are few reports about the effects of ben-
zyl cinnamate on RA treatment. In this paper, we found that benzyl
cinnamate induced early and late apoptosis and inhibited migration
of MH7A cells in a dose-dependent manner. It could provide new

clues for further study on the molecular mechanism of benzyl cin-
namate in the treatment of RA.

Conclusions

Taken together, this study suggested that Cinnamomi ramulus
might be beneficial for relieving RA clinic symptoms through
inhibiting proliferation, migration and invasion of SFs. Our

Figure 13. The effects of benzyl cinnamate on the proliferation, cell migration and apoptosis of MH7A cells. (A) HFLS and (B) MH7A cells were treated with different
concentrations of benzyl cinnamate (10-100mg/mL) for 24 h for the CCK-8 assays; (C) MH7A cells were treated with different concentrations of benzyl cinnamate (10,
20, 40mg/mL) for 24 h, and the apoptotic cells were detected by Annexin V/PI assays; (D) MH7A cells were incubated with benzyl cinnamate (10, 20, 40mg/mL) for
24 h for the cell migration assay. Data are expressed as mean± SD (n¼ 3), ��p< 0.01, ���p< 0.001, vs. TNF-a group.
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results provide a basis for elucidating the molecular mechanisms
of Cinnamomi ramulus on the therapeutic treatment of RA.
Nevertheless, some limitations exist in our study. In order to bet-
ter elucidate the characterization of Cinnamomi ramulus and its
active components in RA, it will be further explored in vivo
models in future studies.

Disclosure statement

The authors declare that there are no known conflicts of interest
associated with this research and there has been no significant finan-
cial support for this work that could have influenced its outcome.

Funding

This work was supported by the Sichuan Science and Technology
Programme [grant number 2019JDRC0074], National Science and
Technology Major Project of the Ministry of Science and
Technology of China [grant number 2018ZX09721004-009-002],
China Postdoctoral Science Foundation [grant number
2018M631071], and “Xinglin scholars” Talent Research Promotion
Program [grant number QNXZ2019025].

ORCID

Shu-Jun Wei http://orcid.org/0000-0002-2343-8107
Yong-Xiang Gao http://orcid.org/0000-0002-6921-9006

References

Abeles AM, Pillinger MH. 2006. The role of the synovial fibroblast in
rheumatoid arthritis: cartilage destruction and the regulation of matrix
metalloproteinases. Bull NYU Hosp Jt Dis. 64:20–24.

Alamanos Y, Drosos AA. 2005. Epidemiology of adult rheumatoid arthritis.
Autoimmun Rev. 4:130–136.

Aliboni A, D’Andrea A, Massanisso P. 2011. Propolis specimens from differ-
ent locations of central Italy: chemical profiling and gas chromatography-
mass spectrometry (GC-MS) quantitative analysis of the allergenic esters
benzyl cinnamate and benzyl salicylate. J Agric Food Chem. 59:282–288.

Araki Y, Mimura T. 2017. Matrix metalloproteinase gene activation resulting
from disordered epigenetic mechanisms in rheumatoid arthritis. IJMS. 18:
905.

Bartok B, Firestein GS. 2010. Fibroblast-like synoviocytes: key effector cells in
rheumatoid arthritis. Immunol Rev. 233:233–255.

Bottini N, Firestein GS. 2013. Duality of fibroblast-like synoviocytes in RA:
passive responders and imprinted aggressors. Nat Rev Rheumatol. 9:
24–33.

Brookes S, Gagrica S, Sanij E, Rowe J, Gregory FJ, Hara E, Peters G. 2015.
Evidence for a CDK4-dependent checkpoint in a conditional model of cel-
lular senescence. Cell Cycle. 14:1164–1173.

Bustamante MF, Garcia-Carbonell R, Whisenant KD, Guma M. 2017.
Fibroblast-like synoviocyte metabolism in the pathogenesis of rheumatoid
arthritis. Arthritis Res Ther. 19:110.

Chen PY, Yu JW, Lu FL, Lin MC, Cheng HF. 2016. Differentiating parts of
Cinnamomum cassia using LC-qTOF-MS in conjunction with principal
component analysis. Biomed Chromatogr. 30:1449–1457.

Dalton S. 2015. Linking the cell cycle to cell fate decisions. Trends Cell Biol.
25:592–600.

Engeland K. 2018. Cell cycle arrest through indirect transcriptional repression
by p53: I have a DREAM. Cell Death Differ. 25:114–132.

Franken NA, Rodermond HM, Stap J, Haveman J, van Bree C. 2006.
Clonogenic assay of cells in vitro. Nat Protoc. 1:2315–2319.

Gabay C, Hasler P, Kyburz D, So A, Villiger P, Kempis JV, Walker UA.
2014. Biological agents in monotherapy for the treatment of rheumatoid
arthritis. Swiss Med Wkly. 144:w13950.

He Y, Guo YJ, Gao YY. 2002. [Studies on chemical constituents of root of
Cichorium intybus]. Chin J Chin Mater Med. 27:209–210. Chinese.

Huber LC, Distler O, Tarner I, Gay RE, Gay S, Pap T. 2006. Synovial fibro-
blasts: key players in rheumatoid arthritis. Rheumatology (Oxford). 45:
669–675.

Kang JY, Wu Y, Gu WY. 2019. [Effects of Huangqi-Guizhi-Wuwu decoction
on expression of NLRP3, IL-33 and TGF-b1 in rats with acute gouty arth-
ritis]. J Emerg TCM. 28:1989–1992. Chinese.

Kim GJ, Lee JY, Choi HG, Kim SY, Kim E, Shim SH, Nam JW, Kim SH,
Choi H. 2017. Cinnamomulactone, a new butyrolactone from the twigs of
Cinnamomum cassia and its inhibitory activity of matrix metalloprotei-
nases. Arch Pharm Res. 40:304–310.

Li H, Wan A. 2013. Apoptosis of rheumatoid arthritis fibroblast-like synovio-
cytes: possible roles of nitric oxide and the thioredoxin 1. Mediators
Inflamm. 2013:953462.

Li Y, Wang X, Cheng S, Du J, Deng Z, Zhang Y, Liu Q, Gao J, Cheng B,
Ling C. 2015. Diosgenin induces G2/M cell cycle arrest and apoptosis in
human hepatocellular carcinoma cells. Oncol Rep. 33:693–698.

Liu H, Pope RM. 2003. The role of apoptosis in rheumatoid arthritis. Curr
Opin Pharmacol. 3:317–322.

Liu X, Fu J, Yao XJ, Yang J, Liu L, Xie TG, Jiang PC, Jiang ZH, Zhu GY.
2018. Phenolic constituents isolated from the twigs of Cinnamomum cas-
sia and their potential neuroprotective effects. J Nat Prod. 81:1333–1342.

Ma JD, Zhou JJ, Zheng DH, Chen LF, Mo YQ, Wei XN, Yang LJ, Dai L.
2014. Serum matrix metalloproteinase-3 as a noninvasive biomarker of
histological synovitis for diagnosis of rheumatoid arthritis. Mediators
Inflamm. 2014:1–10.

Malemud CJ. 2017. Matrix metalloproteinases and synovial joint pathology.
Prog Mol Biol Transl Sci. 148:305–325.

M€uller-Ladner U, Pap T, Gay RE, Neidhart M, Gay S. 2005. Mechanisms of
disease: the molecular and cellular basis of joint destruction in rheumatoid
arthritis. Nat Clin Pract Rheumatol. 1:102–110.

Ohno O, Ye M, Koyama T, Yazawa K, Mura E, Matsumoto H, Ichino T,
Yamada K, Nakamura K, Ohno T, et al. 2008. Inhibitory effects of benzyl
benzoate and its derivatives on angiotensin II-induced hypertension.
Bioorg Med Chem. 16:7843–7852.

Park GH, Song HM, Park SB, Son HJ, Um Y, Kim HS, Jeong JB. 2018.
Cytotoxic activity of the twigs of Cinnamomum cassia through the sup-
pression of cell proliferation and the induction of apoptosis in human
colorectal cancer cells. BMC Complement Altern Med. 18:28.

Park M, Chae HD, Yun J, Jung M, Kim YS, Kim SH, Han MH, Shin DY.
2000. Constitutive activation of cyclin B1-associated cdc2 kinase overrides
p53-mediated G2-M arrest. Cancer Res. 60:542–545.

Peng W, Shen H, Lin B, Han P, Li C, Zhang Q, Ye B, Rahman K, Xin H,
Qin L, et al. 2018. Docking study and antiosteoporosis effects of a diben-
zylbutane lignan isolated from Litsea cubeba targeting cathepsin K and
MEK1. Med Chem Res. 27:2062–2070.

Scott DL, Steer S. 2007. The course of established rheumatoid arthritis. Best
Pract Res Clin Rheumatol. 21:943–967.

Sheppard KE, Pearson RB, Hannan RD. 2015. Unexpected role of CDK4 in a
G2/M checkpoint. Cell Cycle. 14:1351–1352.

Son LC, Dai DN, Thang TD, Huyen DD, Ogunwande IA. 2014. Study on
Cinnamomum oils: compositional pattern of seven species grown in
Vietnam. J Oleo Sci. 63:1035–1043.

Stevens M, Oltean S. 2019. Modulation of the apoptosis gene Bcl-x function
through alternative splicing. Front Genet. Front Genet. 10:804.

Sun L, Zong SB, Li JC, Lv YZ, Liu LN, Wang ZZ, Zhou J, Cao L, Kou JP,
Xiao W. 2016. The essential oil from the twigs of Cinnamomum cassia
Presl alleviates pain and inflammation in mice. J Ethnopharmacol. 194:
904–912.

Tanapichatsakul C, Monggoot S, Gentekaki E, Pripdeevech P. 2018.
Antibacterial and antioxidant metabolites of Diaporthe spp. isolated from
flowers of Melodorum fruticosum. Curr Microbiol. 75:476–483.

Wang J, Zhao Q. 2019. Kaempferitrin inhibits proliferation, induces apop-
tosis, and ameliorates inflammation in human rheumatoid arthritis fibro-
blast-like synoviocytes. Phytother Res. 33:1726–1735.

Yang JJ. 2019. [Analysis on the clinical effect and prognosis of Chaihu-
Guizhi Ganjiang decoction in the treatment of knee osteoarthritis]. Biped
and Health. 28:185–186. Chinese.

876 J. LIU ET AL.



Yang QX. 2017. Study on chemical constituents of Cinnamomi cortex [mas-
ter’s thesis]. Guangzhou (GZ): Guangdong Pharmaceutical University.

Yoon JH, Shin JW, Pham TH, Choi YJ, Ryu HW, Oh SR, Oh JW, Yoon DY.
2020. Methyl lucidone induces apoptosis and G2/M phase arrest via the
PI3K/Akt/NF-jB pathway in ovarian cancer cells. Pharm Biol. 58:51–59.

Zeng CQ, Tan P, Zhang DY, Wu DM, Wu X. 2019. [Clinical observation on treat-
ment of rheumatoid arthritis secondary osteoporosis with Guizhi-Fuzi decoc-
tion and western medicine]. Chin Arch Trad Chin Med. 37:2737–2740.
Chinese.

Zhang Q, Liu J, Zhang MM, Wei SJ, Li RL, Gao YX, Peng W, Wu CJ. 2019.
Apoptosis induction of fibroblast-like synoviocytes is an important
molecular mechanism for herbal medicine and its active components to
treat rheumatoid arthritis. Biomolecules. 9:795.

Zhang Q, Peng W, Wei S, Wei D, Li R, Liu J, Peng L, Yang S, Gao Y, Wu
C, et al. 2019. Guizhi-Shaoyao-Zhimu decoction possesses anti-arthritic
effects on type II collagen-induced arthritis in rats via suppression of
inflammatory reactions, inhibition of invasion & migration and induction
of apoptosis in synovial fibroblasts. Biomed Pharmacother. 118:109367.

PHARMACEUTICAL BIOLOGY 877


	Abstract
	Introduction
	Materials and methods
	Reagents and chemicals
	Cell culture
	Preparation of an aqueous extract of Cinnamomi ramulus (ACR)
	Cell viability assay
	Apoptosis assay
	Cell cycle assay
	Scratch wound healing experiment
	Transwell experiment
	Colony formation assay
	Western blot analysis (WB)
	RNA extraction and quantitative real-time PCR (qPCR)
	Qualitative UPLC-QE-MS/MS analysis
	Molecular docking studies
	Effects of benzyl cinnamate on cell migration and apoptosis in synovial fibroblasts
	Statistical analysis

	Results
	ACR inhibits the proliferation of synovial fibroblasts
	ACR induces apoptosis in synovial fibroblasts
	ACR induces G2/M phase arrest in synovial fibroblasts
	ACR inhibits cell migration and invasion in synovial fibroblasts
	Results of constituent analysis of ACR by UPLC-QE-MS/MS
	Molecular docking study
	Benzyl cinnamate inhabits cell apoptosis and migration in synovial fibroblasts

	Discussion
	Conclusions
	Disclosure statement
	References


