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Isochlorogenic acid C (ICAC) is found in a variety of natural foods and medicinal plant materials. Tis study aims to validate the
biological activity of isochlorogenic acid C in limiting infammation by the Erk/JNK/NF-κB pathway. In this study, TNF-
α-induced human fbroblast-like synoviocytes and collagen-induced arthritis animal models were used to perceive the potential
anti-infammation mechanism of ICAC. Te role of isochlorogenic acid C was evaluated by observing the migration, invasion
ability, and apoptotic activity of TNF-α-induced fbroblast-like synoviocytes cells in humans and analysing foot swelling, joint
index, and histopathological changes in a collagen-induced RA animal model. Te results reveal that ICAC inhibited the
proliferation of human fbroblast-like synoviocytes and promoted their apoptosis. ICAC also blocked the nuclear transfer of NF-
κB, Erk, and JNK. It was observed that ICAC signifcantly inhibited the degree of posterior foot swelling in CIA, reducing arthritis
scores, bone tissue injury, and articular synovitis. ICAC may promote cell apoptosis and inhibit the hyperactivation of in-
fammatory cells to alleviate infammation-induced synovial proliferation through the Erk/JNK/NF-κB pathway.

1. Introduction

Isochlorogenic acid C is a phenolic compound produced by
plants, a natural product of quinic acid and cafeine ester
condensation, found in various fruits, vegetables, cofee, and
spices [1]. It is also found in Artemisia capillaris Tunb.,
Lonicera japonica, Eclipta prostrata, and other homology of
medicine, food, or medicinal plants. Its various biological
activities have been demonstrated; for example, iso-
chlorogenic acid C alleviates high-fat diet-induced hyper-
lipemia by promoting cholesterol reverse transport [2] or
isochlorogenic acid C prevents enterovirus infection by
regulating the redox homeostasis of glutathione [3]. In-
fammation is one of the main target research areas for
biomedical researchers, which includes a variety of cellular
processes [4, 5]. Rheumatoid arthritis (RA) is an autoim-
mune disease associated with infammatory synovial hy-
perplasia, which easily causes joint swelling and joint
cartilage damage with deformity [6]. Early active anti-
infammatory treatment is used to prevent the destruction

of joint bone and reduce the rate of disability [7]. In patients
with rheumatoid arthritis, joint tissue is typically infltrated
by immune cells, for instance, T cells, B cells, and macro-
phages, which produce various proinfammatory cytokines
such as Erk, JNK, or NF-κB that promote infammatory
responses. Te synovial fbroblast is stimulated by in-
fammation and has strong proliferative and invasive abil-
ities [8]. Earlier studies have shown that activation of ERK,
JNK, or NF-κB in human fbroblast-like synoviocytes is
essential for IL-1-induced intercellular adhesion molecule
expression and leukocyte adhesion [9]. ERK activation in
T cells from RA patients was a risk factor [10]. Research on
therapeutic drugs for autoimmune diseases, efectively
inhibiting cytokines and proteases by blocking or weakening
the activation of fbroblasts in the synovial membrane, is one
of the crucial strategies for the clinical treatment of RA.
However, isochlorogenic acid C has not been explored for its
efcacy and mechanism via Erk/JNK/NF-κB signaling
against rheumatoid arthritis.Tis study ofers further insight
into the development and application of isochlorogenic acid
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C after intervention in a cell model and collagen-induced
arthritis animal through the preparation of collagen-induced
arthritis (collagen-induced arthritis, CIA) rats and TNF-
α-induced human fbroblast-like synoviocytes.

2. Materials and Methods

2.1. Chemicals and Reagents. Isochlorogenic acid C (ICAC),
with a purity of 98%, was purchased from Desite Bio-
technology Co., Ltd. (Lot: 1092320232, Chengdu, China).
Matrigel, SDS-PAGE gel kit, phosphate bufer saline (PBS),
microscope slides, cover glass, crystal violet stain solution,
and glycerin jelly were purchased from Solarbio Science &
Technology Co., Ltd. (Lot: 356234, P1200, P1010, YA0172,
YA0770, G1064, and S2150, Beijing, China). Dime-
thylbenzene and anhydrous ethanol were purchased from
Kemiou Chemical Reagent Co., Ltd. (Lot: 20070182 and
214393, Tianjin, China). Rat IL-1β ELISA kit, Rat IL-6 ELISA
kit, Rat TNF-α ELISA kit, Rat IFN-c ELISA kit, Rat CXCL1
ELISA kit, Rat IL-17/IL-17A ELISA kit, Human IL-1β ELISA
kit, Human IL-18 ELISA kit, HumanMIP-1α ELISA kit, and
Human MCP-1 ELISA kit were purchased from Neo-
bioscience (Lot: ERC007, ERC003, ERC102a, ERC101g,
ERC008, ERC170, EHC002b, EHC127, EHC112a, EHC113,
Shenzhen, China). Caspase 1 Antibody and Cleaved-Caspase
1 p20 Antibody were purchased from Afnity Biosciences
(Lot: AF5418 and AF4005, Liyang, China). Te Anti-NLRP3
antibody, Anti-COX1 antibody, and Anti-COX2 antibody
were purchased from Abcam (Lot: ab263899, ab109025, and
ab179800, Shanghai, China). Human fbroblast-like syno-
viocytes were purchased from Jennio Biotech Co., Ltd. (Lot:
342165554, Guangzhou, China). Cell Counting kit-8 (CCK-
8), Rabbit Anti-NF-κB p65 antibody, Rabbit Anti-RANKL
antibody, Rabbit Anti-β-Actin antibody, Rabbit Anti-Bax
antibody, Rabbit Anti-Bcl-2 antibody, Rabbit Anti-IκB α
antibody, Rabbit Anti-phospho-Erk1/2 (Tr202 +Tyr204)
antibody, Rabbit Anti-Erk1/2 antibody, Rabbit Anti-
JNK1+ JNK2 + JNK3 antibody, Rabbit Anti-Phospho-
JNK1/2/3 (T183 +T183 +T221) antibody, and Rabbit Anti-
Caspase-3 antibody were purchased from Bioss (Lot:
BA00208, bs-20355R, bs-0747R, bs-0061R, bs-0127R, bs-
20351R, bs-1287R, bs-3016R, bsm-2637R, bs-2592R, bsm-
4163R, and bs-0081R, Beijing, China). Phospho-NF-κB p65
Rabbit mAb, Phospho-IκBαRabbit mAb, and Cleaved-
Caspase-3 Rabbit mAb were purchased from CST (Lot:
#3033, #2859, #9664, Shanghai, China). Incomplete Freund’s
adjuvant was purchased from Sigma-Aldrich Trading Co.,
Ltd. (Lot: F5506, Shanghai, China). Bovine II type collagen
was purchased from Chondrex (Lot: 190078, Washington,
USA). Apoptosis and necrosis assay kit, 2-(4-Amidino-
phenyl)-6-indolecarbamidine dihydrochloride(DAPI),
Caspase-3 activity assay kit, Caspase-6 activity assay kit,
Caspase-8 activity assay kit, Caspase-9 activity assay kit,
immunofuorescence staining kit with FITC-Labeled Goat
Anti-Rabbit IgG, Biotin-labeled Goat Anti-Rabbit antibody,
electrochemiluminescence (ECL), and hematoxylin-eosin
(HE) staining kit were purchased from Beyotime Bio-
technology (Lot: C1056, C1005, C1116, C1136, C1152,
C1158, P0186, A0277, P0018FS, and C0105S, Shanghai,

China). Minute™ animal cell/tissue total protein extraction
kit was purchased from Invent Biotechnology Inc. (Lot: SD-
001/SN-002, Beijing, China). A microBCA protein assay kit
was purchased from Cwbio (Lot: CW2011, Beijing, China).
PVDF was purchased from Millipore (Merck, Shanghai,
China). Fetal bovine serum (FBS) and Dulbecco’s modifed
Eagle’s medium (DMEM) were purchased from Termo
Fisher Technology Co., Ltd. (Lot: 42F3261K and 8121302,
Shanghai, China). Transwell was purchased from Corning
(Lot: 354234, Shanghai, China) and recombinant human
tumor necrosis factor (TNF-α) was purchased from
PeproTech (Lot: 014532, Suzhou, China).

2.2. Culture of Human Fibroblast-Like Synoviocyte.
Human fbroblast-like synoviocytes were cultured in DMEM
high glucose complete medium containing 10% fetal bovine
serum at 37°C and 5% CO2. Trypsin was digested when the
cell density was about 80%.

2.3. Cellular Proliferation Detected by CCK-8. Human
fbroblast-like synoviocyte cells (5×103 cells) were in-
oculated in 96-well plates with DMEM high glucose com-
plete medium containing 10% fetal bovine serum. After 24 h,
the broth was replaced with fresh medium, and a control
group and an ICAC group were set up. Diferent concen-
trations of ICAC (0 μM, 50 μM, 100 μM, 200 μM, 400 μM,
and 800 μM) were added and repeated in triplicate. CCK-8
(10 μL) was added to each well of every group and incubated
at 37°C and 5% CO2 for 48 h. After incubation for 4 h, the
absorbance value was detected at 450 nm.

In addition, cells (5×103 cells) were inoculated in 96-
well plates, and DMEM high glucose complete medium with
10% fetal bovine serum was added. After 24 h, the broth was
replaced with fresh medium, and control, model, and ICAC
groups were set up. In the model group, 20 μg/L TNF-α and
ICAC of diferent concentrations were added in triplicate.
After 48 h of incubation at 37°C with 5% CO2, 10 μL CCK-8
was added to each well. After 4 h of incubation, the ab-
sorbance was recorded at 450 nm.

2.4. Transwell Migration and Invasion Assays. Te efects of
ICAC on the migration and invasion of human fbroblast-
like synoviocyte cells were studied using a Transwell
chamber. Cells (2×103 cells) and DMEM high glucose
complete medium containing 20% fetal bovine serum
(600 μL) were added into the upper and lower Transwell
chambers, respectively. Cells were cotreated with ICAC for
48 h in the presence of TNF-α (20 μg/L). Migration to the
membrane cells was calculated in six randomly selected areas
with themicroscope. Similar invasion assays were conducted
by adding a Matrigel gel before adding cells to the upper
chamber. After 48 h, the chamber membrane was fxed with
4% paraformaldehyde for 30min and stained with a crystal
violet staining solution.

2.5. Immunofuorescence Staining Analysis. Human
fbroblast-like synoviocytes were digested using trypsin, and
the excess trypsin was washed away by PBS. Cells
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(3×103 cells) were resuspended in a 24-well plate, and slides
of cells were prepared. After 24 h of culture and attachment,
the complete medium was replaced. Cells were cotreated
with ICAC for 48 h in the presence of TNF-α (20 μg/L). Te
culture medium was aspirated and washed with PBS thrice.
Paraformaldehyde (4%) was fxed for 30min in the well.
After cleaning with PBS thrice, 5% goat serum was added
and blocked for 1 hour, and 1 :100 NF-κBp65, JNK1/2/3, and
Erk1/2 antibodies were added directly and incubated
overnight at 4°C, washed with PBS thrice. Furthermore, 1 :
300 FITC-labeled goat anti-rabbit IgG was added and in-
cubated for 2 h in the dark, washed with PBS thrice, stained
with DAPI, and incubated at room temperature for 10min
in the dark. Tree randomly selected felds from each well
were photographed and analyzed with a laser confocal
microscope.

2.6. Apoptosis Activity Analysis. Firstly, slides were prepared
from cultured cells (1× 103 cells). Anchorage-dependent
cells were added and cocultured in cell staining bufer.
Hoechst stain and PI stain were cocultured at 4°C for 30min,
washed with PBS, and visualized under a fuorescence mi-
croscope. Secondly, the apoptotic activity of human
fbroblast-like synoviocyte cells was detected by the caspase-
3, 6, 8, and 9 activity assay kit. Cells were digested with
trypsin and washed with PBS. Cells of 4×106 were in-
oculated on a T25 cell culture bottle with DMEM high
glucose complete medium supplemented with 10% fetal
bovine serum. Cells were cotreated with ICAC for 48 h in the
presence of TNF-α (20 μg/L). Te culture medium was
absorbed, the cells were digested with trypsin, and they were
centrifuged at 600g and 4°C for 5min. Te lysate from the
corresponding kit was added at low temperature for 30min
and centrifuged at 4°C, 20000g for 15min. Te absorbance
OD was detected by adding the reaction solution and in-
cubating for 2 h at 37°C.

2.7. IL-1β, IL-18, MIP-1α, and MCP-1 Secretion Content in
Cell Supernatant. Te digested human fbroblast-like syn-
oviocytes were adjusted to 3×105 and inoculated in 6-well
plates. Cells were cotreated with ICAC in the presence of
TNF-α (20 μg/L) for 48 h. Te cell culture medium was
collected to detect the OD value according to the ELISA
protocol. Firstly, the standard curve for detection was made.
Secondly, the samples and the corresponding antibody
detection working liquid were added in the 96-well plate and
incubated at room temperature away from light. After
adding the color developing agent for color development,
the contents of IL-1β, IL-18, MIP-1α, and MCP-1 in the cell
supernatant were calculated.

2.8. Animals. Specifc pathogen-free (SPF) Sprague-Dawley
(SD) male rats, weighing 180–220 g and 6–9weeks old,
purchased from Tianqin Biological Co., Ltd. (Hunan,
China), bred by the Animal Laboratory Center of Guizhou
University of Traditional Chinese Medicine at room tem-
perature 25°C and humidity 45–55%. Te animals had free
access to standard food and drinking water during the

experiment. Te Animal Ethics Committee of the Guizhou
University of Chinese Medicine approved the experiment
plan. Te experimental process shall conform to the
implementation provisions of the National Regulations on
the Administration of Medical Laboratory Animals.

2.9. Collagen-Induced Arthritis. After one week of adaptive
feeding, SPF SD rats were divided randomly into the control
group (n� 10) and the model group (n� 30) by the random
number table method. Te collagen and incomplete Freund’s
adjuvants were mixed into 2mg/mL emulsion at the volume
ratio of 1 :1. Te model group was respectively injected with
0.4mL emulsion subcutaneously in the tail root for the frst
immunization on the 1st day. On the 14th day, 0.2ml of
emulsion was injected for a second immunization.Te swelling
of rat foot joints was observed and rated 0 to 4 according to the
severity of swelling (0 rated no swelling; one ratedmild swelling
of both feet; two rated moderate swelling of bilateral metatarsal
and toes; three rated severe swelling of bilateral metatarsal toes;
and four rated total swelling of bilateral metatarsal toes and
ankle joint or deformity; a rate above one is randomized to
receive drug treatment). After the successful induction of the
model, the rats were assigned randomly to themodel group: the
ICAC 50mg/kg group and the 100mg/kg group, with ten rats
in each group. After grouping, the animals received the in-
dicated drugs intragastrically for 35 consecutive days. Mean-
while, the control and model groups were given sodium
carboxymethyl cellulose. Arthritis index scores were recorded
every seven days. Animal weight was recorded, and a rat foot
volume measuring instrument was used to measure the degree
of double hind limb swelling in rats in each group.Te formula
(swelling degree� thickness after induction− thickness before
induction) was used, and statistical analysis was performed.
Isofurane gas anesthesia was used on the last day of the ex-
periment, micro-CT was used to obtain images of the foot to
construct three-dimensional images, and EDTA-K3 antico-
agulant was used to collect blood from the abdominal aorta.
Te spleen was dissected and weighed, and organ coefcients
were calculated.Te synovium of the left joint, the foot, and the
spleen was fxed with 4% paraformaldehyde, and the synovium
of the right joint was taken for −80°C cryopreservation. After
the end of the experiment, isofurane overdose was anes-
thetized and euthanized.

2.10. Pathological Analysis of Spleen and Synovium. Te
spleen and synovium were fushed with tap water for 30min
and immersed in 70%, 80%, 90%, and 100% ethanol for 2 h.
Te synovium and spleen were soaked in xylene for 10min
and 30min, respectively. Te synovium and spleen were
soaked in liquid parafn for 15min and 1 h, respectively.
Sections were prepared, and the slides of synovium and
spleen samples of 4 μm thickness were dewaxed with fresh
xylene for 30min. Slides were immersed in 100%, 90%, 80%,
and 70% ethanol for 10min, soaked in distilled water for
1min, hematoxylin stained for 10min, rinsed with tap water
for 5min, stained with eosin for 1min, soaked in 70% and
90% ethanol for 10min, and xylene for 10min, and observed
under the microscope.
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2.11. Western Blot Analysis in Synovium. Total protein was
extracted using columnar centrifugation and quantifed by
BCA. Separation gel (12%) and gel (5%) concentration gel
electrophoresis was prepared. Diferent concentrations of
antibodies were used, including β-actin (1 : 6000), NLRP3 (1 :
500), Caspase-1 (1 :1000), Cleaved-Caspase-1 (1 : 500), NF-
κBp65 (1 :1000), phospho-NF-κBp65 (1 : 500), IκB-α (1 :
1000), phospho-IκB-α (1 : 500), RANKL (1 :1000), Erk1/2
(1 :1000), phospho-Erk1/2 (1 : 500), JNK1/2/3 (1 :1000),
phospho-JNK1/2/3 (1 : 500), COX-1 (1 :1000), COX-2 (1 :
1000), Caspase-3 (1 :1000), Cleaved-Caspase-3, Bax (1 :
1000), and Bcl-2 (1 :1000). After overnight incubation at
4°C, II antibody (1 : 8000) and ECL were added. Te ex-
periment was repeated three times. After each PVDF
membrane was regenerated with a regenerating agent, an
antibody was added for reincubation and development.

2.12. ELISAAssay for Serum. Te rat plasma was centrifuged
at 3000g for 15min. Te expression of IL-1β, IL-6, TNF-ɑ,
IFN-c, IL-17, and CXCL-1 in the plasma was detected using
an ELISA kit according to the manufacturer’s protocols.

2.13. Statistical Analysis. All data from a minimum of three
experiments were recorded as mean± SD. Data were ana-
lyzed using GraphPad Prism 9.0 software (GraphPad Soft-
ware, Santiago, USA) based on a one-way ANOVA with
Dunnettʼs multiple comparisons test. A value of P< 0.05 was
considered signifcant.

3. Results

3.1. ICACInhibitsProliferationofFibroblast-Like Synoviocyte.
After 48 h of incubation of fbroblast-like synoviocytes, the
optimal concentration of the drug was determined. Based on
this optimal concentration, the subsequent experimental
drug concentrations (50, 100, and 200 μM) were determined
(Figures 1(a) and 1(b)).

3.2. ICAC Lessens Cell Migration and Invasion. After the
incubation of human fbroblast-like synoviocytes for 48 h,
TNF-α signifcantly increased their migration and invasion
capacity. Te diferent concentrations of ICAC signifcantly
reduced human fbroblast-like synoviocytes migration and
invasion ability compared to TNF-α (Figures 2(a)–2(d)).

3.3. ICAC Restrain Nuclear Translocation of NF-κBp65, JNK,
and Erk Proteins in Cells. After 48 h of incubation, NF-
κBp65, JNK, and Erk protein expression levels in human
fbroblast-like synoviocytes were all higher than those in the
control group. Diferent concentrations of ICAC signif-
cantly inhibited the overexpression and nuclear trans-
location of NF-κBp65, JNK, and Erk proteins in the cells
(Figures 3–5).

3.4. ICACEnhancesApoptosisActivity inCells. In the control
group, TNF-α apoptosis activity was not expressed in cells.
However, ICAC at diferent concentrations signifcantly
promoted cell apoptosis activity (Figure 6).

3.5. ICACLessens IL-1β, IL-18,MIP-1α, andMCP-1 Secretion
in Cells. TNF-α promoted the expression of IL-1β, IL-18,
MIP-1α, and MCP-1 when compared with the control cells.
Te addition of ICAC to the cells signifcantly inhibited the
overexpression of these proteins (Figures 7(a)–7(d)).

3.6. ICAC Decreases Infammatory Swelling of Feet. Te
following results show the efect of ICAC on animal weight
and arthritis scores. After 35 days of drug treatment, there
was no signifcant body weight diference between the
groups (Figure 8(a)).Te arthritis score remained high in the
CIA group compared to the control group, and ICAC
signifcantly reduced the collagen-induced arthritis score in
rats (Figure 8(b)). Figures 8(c) and 8(d) show the efect of
ICAC on the infammatory swelling of the rear feet of CIA
rats. After fve weeks of drug intervention, the foot swelling
was signifcantly reduced in CIA rats.

3.7. ICAC Protects Bone Tissue and Synovium. After fve
weeks of drug intervention, ICAC signifcantly increased
bone content in the CIA animal models (Figures 9(a), 9(b),
and 9(d)). Te collagen-induced immune response resulted
in the disappearance of the normal synovium structures,
fbroblast proliferation, lymphocytic infltration within the
synovium, and a high score of synovial pathology. After fve
weeks of ICAC intervention, the synovial cell proliferation
and lymphocyte infltration were signifcantly reduced, and
the synovial pathology score was low (Figures 9(c) and 9(e)).

3.8. ICAC Infuences Spleen and Visceral Coefcients.
After fve weeks of the consecutive drug intervention, the
CIA visceral coefcient signifcantly increased, compared
with the control group, while ICAC signifcantly reduced the
visceral coefcient of CIA in the spleen (Figure 10(b)).
Furthermore, pathological changes in the spleen after HE
staining showed that the control group had more secondary
lymphoid follicles, and the periarterial lymphatic sheath was
arranged into cylinders. In CIA, secondary lymphatic fol-
licles in the spleen atrophied and disappeared. Only a few
primary lymphatic follicles were contained, and the peri-
arterial lymphatic sheath was reduced. Compared to CIA,
the ICAC-L and ICAC-H contained more primary lym-
phatic follicles in the spleen, while with the periarterial
lymphatic sheaths was increased (Figure 10(a)).

3.9. ICAC Restrain Infammatory and Apoptosis Factors.
Te synovial infltration of lymphocytes, such as monocytes,
T cells, and B cells, produced mononuclear and chemotactic
factors that stimulated synovial cell proliferation and pro-
moted the entry of leukocytes into joints. NF-κB regulated
gene expression afects innate and adaptive immunity, in-
fammation, stress response, B cell development, and lym-
phoid organ formation. In the classic signaling pathway, NF-
κB protein binds to and is inhibited by IκB protein, and
infammasomes have been implicated in various auto-
infammatory and autoimmune diseases. NLRP3, Caspase-
1, Cleaved-Caspase-1, phospho-IκB-α, NF-κBp65, phospho-
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Figure 1: Efects of ICAC on growth and suppression ratio of human fbroblast-like synoviocytes. Diferent concentrations of ICAC were
added in cells and incubated for 48 h. 20 μg/L TNF-a were added to human fbroblast-like synoviocytes to promote their proliferation, and
the inhibition rate of ICAC on proliferating cells was analyzed after incubating for 48 h. (a) Cell viability of human fbroblast-like
synoviocytes; (b) the suppression ratio of human fbroblast-like synoviocytes. (∗∗P< 0.01 vs. TNF-a group, n� 3).
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Figure 2: Efects of ICAC on migration and invasion ability of human fbroblast-like synoviocytes. 20 μg/L TNF-a and diferent con-
centrations of ICAC were added in cells and incubated for 48 h. (a, c) Migration count of human fbroblast-like synoviocytes; (b, d) invasion
count of human fbroblast-like synoviocytes. (##P< 0.01 vs. control group; ∗∗P< 0.01 vs. TNF-a group. n� 6).
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Figure 3: Efects of ICAC on expression of Erk protein in human fbroblast-like synoviocytes. 20 μg/L TNF-a and diferent concentrations of
ICAC were added in cells and incubated for 48 h. (a, b) Te expression of Erk protein in 10 to 20 fbroblast-like synoviocytes. (##P< 0.01 vs.
control group; P< 0.05 and ∗∗P< 0.01 vs. TNF-a group, n� 3).
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Figure 4: Efects of ICAC on expression of JNK protein in human fbroblast-like synoviocytes. 20 μg/L TNF-a and diferent concentrations
of ICAC were added in cells and incubated for 48 h. (a, b)Te expression of JNK protein in 10 to 20 fbroblast-like synoviocytes. (##P< 0.01
vs. control group; ∗∗P< 0.01 vs. TNF-a group, n� 3).
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Figure 5: Efects of ICAC on expression of NF-κBp65 protein in human fbroblast-like synoviocytes. 20 μg/L TNF-a and diferent
concentrations of ICAC were added in cells and incubated for 48 h. (a, b) Te expression of NF-κBp65 protein in 10 to 20 fbroblast-like
synoviocytes. (##P< 0.01 vs. control group; P< 0.05 and ∗∗P< 0.01 vs. TNF-a group, n� 3).
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NF-κBp65, RANKL, Erk1/2, phospho-Erk1/2, JNK1/2/3,
phospho-JNK1/2/3, COX-1, and COX-2 increased in CIA
than the control group, and IκB-α performed the opposite
way. ICAC signifcantly inhibited the overexpression of

these proteins as compared to CIA, but IκB-α was opposite
to other proteins. Apoptosis proteins such as Caspase-3,
Cleaved-Caspase-3, and Bax were upregulated in ICAC than
in CIA, but Bcl-2 was downregulated (Figures 11(a)–11(d)).
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Figure 6: Efects of ICAC on apoptosis expression in human fbroblast-like synoviocytes. 20 μg/L TNF-a and diferent concentrations of
ICAC were added in cells and incubated for 48 h. (a, b) Te expression of apoptosis cells by Hoechst 33342-propidium iodide staining in 10
to 20 fbroblast-like synoviocytes. (c–f) Efect of ICAC on Caspase-3, Caspase-6, Caspase-8, and Caspase-9 expressions in human fbroblast-
like synoviocytes. (∗∗P< 0.01 vs. TNF-a group, n� 3).
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3.10. ICAC Inhibits Infammatory Cytokines in Plasma.
After fve weeks, plasma from each group was detected using
ELISA, in which IL-1β, IL-6, TNF-α, IFN-c, CXCL1, and IL-
17/IL-17A were upregulated in CIA than the control group
and downregulated in ICAC (Figures 12(a)–12(f )). Tese
phenomena indicate that ICACmay potentially inhibit these
infammatory factors.

4. Discussion

As products of the cafeic acid derivative, compounds with
similar chemical structures have been reported to have
multiple pharmacological activities. 3, 5-, or 4, 5-
dicafeoylquinic acid may improve islet function in type
2 diabetic mice, and 3, 5-dicafeoylquinic acid has a strong
antibacterial efect [11]. Studies have confrmed that
fbroblast-like synoviocytes are direct efector cells of
rheumatoid arthritis, and their high activation, secretion of
infammatory factors, and blocking of apoptosis are es-
sential mechanisms leading to infammation and tissue

damage in rheumatoid arthritis [12]. Te infammasome is
an important part of innate immunity, and the NLRP3
infammasome regulates T cell responses [13]. Te in-
volvement of infammasomes in the pathogenesis of RA
was confrmed in various studies on genetic association in
animal models and patient samples [14]. It was also closely
related to infammatory bowel disease, gout, and other
infammatory autoimmune diseases [15]. Classical
infammasome pathways are engaged by the oligomeriza-
tion of pattern-recognition receptors that play a signifcant
role in recognizing pathogen- and damage-associated
molecular patterns [16]. Te NOD-like receptor family,
pyrin domain-containing 3 (NLRP3), is an endogenous and
exogenous receptor that senses danger signals [17] and
assembles with an apoptosis-associated speck-like protein
containing a CARD (ASC) and Caspase-1 to form a mul-
timeric protein called the NLRP3 infammasome. Te
outfow of potassium ions (K+) is a typical marker of
NLRP3 infammasome activation and is also required for
apoptotic assembly. Te NLRP3 infammasome is an
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Figure 7: Efects of ICAC on expressions of IL-1β, IL-18, MIP-1α, and MCP-1 in cell culture supernatant (a–d). (##P< 0.01 vs. control
group; ∗∗P< 0.01 vs. TNF-a group, n� 6).
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Figure 8: Efects of ICAC on animal growth and infammatory swelling of feet. 40 male Wistar rats were randomly divided into 4 groups
according to body weight: control (vehicle), CIA (collagen-induced arthritis), CIA-ICAC-L (50mg/kg), and CIA-ICAC-H (100mg/kg).
After successful replication of the CIA animal model, intervention was continued for 5weeks, body weight was measured and recorded once
a week, arthritis score was performed once a week, and volume after collagen-induced swelling was measured once a week. (a) Te growth
curve of rats (n� 10); (b) the severity of arthritis by the arthritis score; (c) the left hind foot (n� 10); (d) the right hind foot (##P< 0.01 vs.
control group; ∗∗P< 0.01 vs. CIA group, n� 10).
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important cellular sensor and efector that stabilizes cell
membranes and initiates stress responses [18]. NLRP3 is
generally self-inhibited when exposed to various extra-
cellular K+, Cl−, and Ca2+ fuxes, lysosomal damage, mi-
tochondrial dysfunction, and reactive oxygen species

production. NLRP3, pro-caspase-1, ASC assembly and
promotes self-activation of Pro-Caspaese-1 into Caspase-1,
forming isomer with enzyme activity, which cleaves pro-
IL-1β and Pro-IL-18 into IL-1β and IL-18. Two important
features of Caspase-1 activation are cell death and cytokine
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Figure 9: Efects of ICAC on animal bone tissue and synovium. (a) After collagen induction, paw swelling was evident in the model group
compared with the control group, but signifcantly decreased after ICAC treatment; (b) micro-CT was used to take photos of the left hind
foot to construct three-dimensional images. Images showed signifcant bone destruction in all rats after collagen stimulation compared with
control mice; (c) HE stained the synovium of the left joint; (d) ICAC treatment was able to signifcantly reduce the paw bone destruction.
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release. IL-1β binds to IL-1R to activate NF-κB signaling
pathways and promote infammatory gene expression and
Tcell activation [19]. IL-1β participates in joint destruction
in RA, promotes synovial fbroblast cells’ pathological
proliferation, releases matrix metalloproteinases that de-
grade cartilage, stimulates bone absorption, and also in-
hibits bone and cartilage repair [20]. IL-18 plays a vital role
in RA patients’ bone and cartilage destruction. IL-18 can
induce synovial macrophages to produce TNF-α.

Granulocyte-macrophage colony-stimulating factor ex-
pression acts on articular chondrocytes. Besides, synovial
tissue regulates cell response and participates in joint
degeneration. Te expression of NLRP3, Caspase-1, and
Cleaved-Caspase-1 was examined in the animal synovial
membrane, and ICAC signifcantly inhibited their ex-
pression. ELISA examined these infammatory factors of
IL-1β and CXCL1 in animal plasma under the infuence of
ICAC. Compared with the model group, ICAC could
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decrease the expression of IL-1β and CXCL1. Te secretion
levels of IL-1β and IL-18 in the culture medium of cells
were also examined, confrming that ICAC inhibits the
expression of these two infammatory factors.Tis evidence
suggests that NLRP3 can be regulated by ICAC and inhibit
downstream infammation. NF-κB activation is closely
related to the excessive proliferation and infammation of
fbroblast synovial cells, which regulate various cellular
transduction processes. Tis includes an increase in anti-
apoptotic genes expression, inhibition of apoptotic regu-
latory molecules expression (P53, Bax, and Fas), promoting
the release of proliferogenic growth factors, maintaining
cytokines of chronic infammation in synovial membranes,
and promoting migration of adhesion molecules contrib-
uting to infamed sites and enhanced invasive properties
[21, 22]. Te most common subunit is the NF-κB p65/p50
heterodimer, which is generally nonactivated upon binding
to its inhibitory protein IκB. Various factors stimulated the
heterodimer, phosphorylation of NF-κB p65, and degra-
dation of IκB, leading to NF-κB activation. After NF-κB
activation, infammatory injuries aggravated, leading to an
imbalance in proliferation and apoptosis in fbroblast-like
synoviocyte. We observed intrasynovial NF-κBp65, phos-
pho-NF-κBp65, IκB-α, phospho-IκB-α, RANKL, Caspase-
3, Cleaved-Caspase-3, Bax, and Bcl-2 expression in CIA
animals, and these proteins are associated with NF-κB
signaling and regulation of apoptosis. ICAC inhibits NF-κB
signaling expression and promotes the regulation of apo-
ptosis. ICAC signifcantly inhibited NF-κBp65 nucleation
expression in human fbroblast-like synoviocytes cells,
further aggravating the apoptosis in human fbroblast-like
synoviocytes cells.

At present, studies suggest that immune dysfunction is
closely related to the onset of rheumatoid arthritis. Persistent
joint infammation further aggravates immune system
dysfunction, abnormal proliferation of pathogenic lym-
phocytes, and unbalanced environmental homeostasis in
T cells [23]. Te disorderly function of T cells, especially
antigen-presenting and CD4+ T cell interactions, leads to
abnormal activation of CD4+ T cells and triggers the im-
balance inT cell subsets. T1 andT17 cells release positive
feedback to the infammatory response such as IFN-c, TNF-
α, IL-1, and IL-17. Clinical samples showed signifcantly
elevated IL-17 and TNF-α in RA patients, synergistically
activating synovial fbroblast cells, inducing cartilage and
fbroblast synovial cell synthesis, secreting infammatory
mediators and promoting synovial infammatory response
and cartilage destruction [24]. Conversely, T2 and Treg
cells release negative feedback on the infammatory response
and inhibit the excessive infammatory response of rheu-
matoid arthritis. Moreover, RA Breg dysfunction in pe-
ripheral blood was also an important cause of immune
tolerance in RA patients. B cells were also one of the vital
antigen-presenting cells, together with dendritic cells, acti-
vating T cells’ secretion of proinfammatory factors or di-
rectly leading to joint damage by participating in the
pathogenesis of RA. B cells could pass through the B cell
receptor in variants of citrulline peptides, form a major
histocompatibility complex (MHC), stimulate diferentia-
tion of autoreactive Tcells into memory Tcells and promote
their migration to the synovium, regulate dendrite cell
function, and activate the autoimmune response [25].
Terefore, we examined the Erk1/2, phospho-Erk1/2, JNK1/
2/3, phospho-JNK1/2/3, COX-1, and COX-2 protein
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Figure 12: ICAC reduced the production of IL-1β (a), IL-6 (b), TNF-a (c), IFN-y (d), IL-17/IL-17 (e), and CXCL1 (f) in CIA animal plasma.
(##P< 0.01 vs. control group; ∗∗P< 0.01 vs. CIA group, n� 10).

12 Journal of Food Biochemistry



expression. ELISA examined the IFN-c, TNF-α, IL-6, and
IL-17 in animal plasma and MIP-1α and MCP-1 expression
in cell culture medium. ICAC signifcantly inhibited the
nucleation and overexpression of these proteins. Te phe-
notypic changes in fbroblast-like synoviocyte cells were
examined, and ICAC signifcantly inhibited the migration
and invasion abilities of fbroblast-like synoviocyte cells. Our
study confrmed that ICAC improved the pharmacological
activity of RA using the collagen-induced rheumatoid ar-
thritis model. After fve weeks of uninterrupted adminis-
tration of ICAC, each animal group showed no signifcant
diferences in body weight. It was suggested that ICACmight
be low toxic, which was merely speculative and required
further toxicology analyses. ICAC was able to reduce the
degree of foot swelling in CIA animals signifcantly. It
showed an efect on inhibiting collagen-induced autoim-
mune infammation. Disrupted behavior of bone tissue and
the pathological proliferation of fbroblast-like synoviocytes
were also inhibited efectively. At the same time, the spleen
morphology and pathological changes of the CIA animal
model were observed. Te spleen organ coefcient increased
in CIA, but the organ coefcient signifcantly decreased in
drug treatment, and spleen pathology also changed with
drug treatment. Overall, morphological characteristics
showed that ICAC has a good antagonistic efect on rheu-
matoid arthritis.

5. Conclusion

Altogether, this study revealed that the ICAC may regulate
Erk/JNK/NF-κB signaling to alleviate synovial proliferation
and infammation through cell models and animal models,
respectively. Tis study not only supplements the phar-
macological action of ICAC and food applications but also
provides a theoretical basis. Of course, there are also
shortcomings in this study, which do not make an in-depth
analysis of the specifc biological efects target of ICAC.
Future studies will be further carried out.
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Additional Points

Many people are dying every year from infammation caused
by diferent diseases. Although new anti-infammatory drugs
are emerging all the time, their side efects are also very
obvious. Terefore, the development of new anti-
infammatory drugs from the diet or medicinal plants has
a broad scope. In this study, the cell model and animal model
are used to verify the anti-infammatory mechanism of
ICAC. Te results show that ICAC can afect the anti-
infammatory efect via Erk/JNK/NF-κB signaling, which
provides the basis for further understanding the anti-
infammatory efect of ICAC.
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