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Rheumatoid arthritis (RA) is an inflammatory 
disease with a chronic course characterized 
by synovitis, synovial proliferation, and joint 
destruction.1 Proinflammatory cytokines, which 
are critically involved in RA pathogenesis, can 
be mediators of pain by directly influencing 
the nociceptive system.2 Thus, the inflammatory 
process in RA can cause pain, and this 
inflammatory pain is closely correlated with poor 
quality of life in patients with RA.3

The transient receptor potential vanilloid 
type 1 (TRPV1) and the acid-sensing ion 
channel 3 (ASIC3) are reportedly associated 
with inflammatory pain. TRPV1 is a family 
of nonselective cation channels stimulated 
by heat, capsaicin, endogenous lipids, such 
as endovanilloids, and other endogenous 
compounds, such as ammonia, adenosine 
triphosphate, and polyamines.4,5 TRPV1 plays 
a critical role in the pathogenesis of RA, 
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Objectives: This study aimed to determine whether GCSB-5 has anti-inflammatory and 
antinociceptive effects in mice with collagen-induced arthritis (CIA), an animal model of rheumatoid 
arthritis (RA), and investigate the influence of GCSB-5 on the mitogen-activated protein kinase 
(MAPK) pathway.
Materials and methods: The experimental animal study was designed to include five groups: 
CIA mice treated with GCSB-5 (300 mg/kg), GCSB-5 (600 mg/kg), celecoxib (60 mg/kg), or saline for 
four weeks, and nontreated control mice. The clinical severity of arthritis was scored. Nociceptive 
thresholds were measured by using a von Frey dynamic plantar analgesimeter. The MAPK pathway 
was evaluated in mouse synovium. The expression of channels associated with pain signaling was 
assessed by western blot and immunohistochemical staining.
Results: GCSB-5 treatment diminished the severity of clinical arthritis and increased the nociceptive 
threshold in mice with CIA. Celecoxib, a positive control drug, also showed comparable changes. 
Clinical arthritis scores were inversely related to mechanical thresholds. GCSB-5 administration 
decreased the levels of anti-type II collagen antibody and inflammatory cytokines in the sera of 
mice with CIA. Furthermore, ERK, p38 MAPK, and JNK phosphorylation were downregulated and 
TRPV1 and ASIC3 expression were decreased in the synovium of GCSB-5-treated mice compared 
to saline-treated mice. Interleukin-6-induced TRPV1 and ASIC3 upregulation were also inhibited by 
GCSB-5 in human RA fibroblast-like synoviocytes in vitro.
Conclusion: GCSB-5 decreased inflammatory arthritis and pain in a murine model of RA. The results 
present evidence that GCSB-5 may be beneficial for relieving pain as well as decreasing inflammation 
in autoimmune arthritis, such as RA.
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with many studies supporting that it can be 
activated by inflammatory cytokines and also 
cause the release of inflammatory molecules.6,7 
Accordingly, the expression of inflammatory 
cytokines increased in synovial fibroblasts 
derived from RA patients when stimulated with a 
TRPV1 agonist.8 Furthermore, a study revealing 
that the inhibition of TPRV1 reduces joint 
edema supports the possible targeting of this 
channel receptor for the amelioration of joint 
swelling in RA.9 Along with TRPV1, ASIC3 
is also involved in RA development. ASIC3 is 
highly sensitive to pH changes. ASIC3 channels 
contribute to hyperalgesia by sensing acidic 
pain produced during inflammation.10 ASIC3 is 
associated with maintaining chronic RA pain.11 
ASIC3 upregulation has also been observed in 
neurons innervating knee joints in a model of 
carrageenan-induced arthritis.12

GCSB-5 is an extract purified from the mixture 
of six herbs and has been traditionally accepted 
as an effective treatment for inflammatory and 
bone disorders in Eastern Asia.13 Previous studies 
have shown that GCSB-5 decreases interleukin 
(IL)-1 and tumor necrosis factor-alpha (a) 
serum levels in an experimental arthritis rat 
model and suppresses cyclooxygenase-2 (COX-
2) enzyme levels in macrophages.14,15 GCSB-
5 has also inhibited ear swelling caused by 
12-O-tetradecanoylphorbol-13-acetate and paw 
swelling induced by carrageenan.16 GCSB-
5 exhibits protective effects against peripheral 
nerve injury in rats via reduction of oxidative 
stress.17 Most of the previous studies on GCSB-5 
have been conducted in osteoarthritis.(OA) The 
activities of matrix metalloproteinase-2 and-9 
have been attenuated by GCSB-5 in a murine 
model of OA.18 Additionally, GCSB-5 reduced 
bone loss and cartilage degradation in OA-induced 
rats.18,19 A few clinical trials have investigated the 
safety and efficacy of GCSB-5 for the treatment 
of OA.20,21 However, little is known about the 
effect of GCSB-5 on inflammatory arthritis and 
pain in RA.

Herein, we evaluated the effects of GCSB-5 
on the severity of inflammatory arthritis and pain 
perception in a murine model of RA. The impact 
of GCSB-5 on pain-related receptors was also 
investigated, and its underlying mechanism was 
explored. To the best of our knowledge, this is the 
first study to reveal the effects of GCSB-5 in RA.

MATERIALS AND METHODS

GCSB-5 ingredients

GCSB-5 is a dried extract of a mixture of 
six herbs (Saposhnikovia divaricate Schischk, 
Achyranthes japonica Nakai, Acanthopanax 
sessiliflorus Seem, Glycine max Merrill, Cibotium 
barometz J. Smith, and Eucommia ulmoides Oliver) 
at a fixed ratio (4.444:4.444:4.444:2.778:2.778:
1.389 ratio, respectively). GCSB-5 was prepared 
using the following method. The six herbs were 
made into a powder at a fixed ratio and heated 
for 3 h with 1 L of distilled water. Constituents 
with molecular weight over 10,000 g/mol were 
discarded through ultrafiltration of the resulting 
extract. The filtrate was freeze-dried and kept 
at 4°C. The regulations of the Korea Food 
and Drug Administration were applied to the 
standardization of GCSB-5 for quality control. 
GCSB-5 was kindly presented by the Green Cross 
Corporation (Yongin, Republic of Korea).

Animals and experimental arthritis

Male DBA/1J mice aged six to eight weeks 
(Japan SLC Inc., Hamamatsu-shi, Shizuoka, 
Japan) were used. The mice were housed, 
provided with water and chow ad libitum, and 
kept under a 12-h light and 12-h dark cycle 
at 22±1°C with a humidity of 55±10%. As a 
primary immunization for induction of CIA in 
mice, an emulsion of bovine type II collagen 
and complete Freund’s adjuvant (Chondrex, 
Redmond, WA, USA) at a 1:1 ratio was injected 
into the base of the tail intradermally. Three 
weeks later, bovine type II collagen emulsified in 
incomplete Freund’s adjuvant was also injected 
intradermally as a booster immunization. To 
investigate the influence of GCSB-5 on the 
severity of arthritis, intragastric infusion of 
GCSB-5, celecoxib, or saline was administered 
to collagen-induced arthritis (CIA) mice five 
times per week after booster immunization. 
Prior to administration, GCSB-5 and celecoxib 
were dissolved in saline. The study was designed 
to include five groups: (i) CIA mice treated with 
GCSB-5 (300 mg/kg), (ii) CIA mice treated with 
GCSB-5 (600 mg/kg), (iii) CIA mice treated 
with celecoxib (60 mg/kg), (iv) saline-treated 
CIA mice, and (v) nontreated control mice. 
Three observers independently scored the 
arthritis severity. The experimental timeline 
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is shown in Figure 1a. The arthritis scores 
were based on the severity and extent of paw 
swelling and erythematous change, in which 
0 represents no swelling, 1 represents mild 
swelling confined to the ankle or midfoot, 
2 represents moderate swelling extending from 
the ankle to the midfoot, 3 represents severe 
swelling and erythema from the ankle to the 
metatarsal joints, and 4 represents ankylosis 
of the ankle. The arthritis score of each mouse 
was determined as the sum of the scores of the 
four extremities.

Radiological assessment

A mammographic imager (Siemens 
Mammomat Novation DR Digital Mammography; 
Siemens Healthineers, Erlangen, Germany) was 
used for plain radiography of the hind paws. 
Formalin fixation was performed with dissected 
hind paws for radiography. All radiographic 
assessments were performed by a radiologist. 
The radiographic features were based on tissue 
swelling and bone changes (0, no bone damage; 
1, tissue edema; 2, joint erosion; 3, bone erosion 
and osteophyte formation).22

Mechanical withdrawal threshold 
measurement

An electronic von Frey device (Dynamic 
Plantar Aesthesiometer; Ugo Basile, Gemonio, 
Italy) was used for measuring mechanical 
withdrawal threshold. After an adjustment period 
of more than 2 h, each von Frey filament was 
touched to the sole of the hind paw of each 
mouse. The pressure force was increased at a 
rate of 0.5 g/sec. The mechanical withdrawal 
threshold was determined as the pressure force 
(g) when the mouse took its paw off the device. 
Five repeated measurements were performed at 
10-min intervals.

Histological evaluation

Joint tissues were fixed in 4% 
paraformaldehyde and decalcified with 
hydrochloric acid for one week. The decalcified 
joint tissue was embedded in paraffin. The 
paraffin-embedded tissue sections cut to a 
thickness of 4 μm were stained with hematoxylin 
and eosin for histological evaluation, and the 
infiltration of inflammatory cells was observed. 
Safranin O staining was performed on the 
tissue sections embedded in paraffin to assess 

cartilage damage. Histological evaluation 
was performed by a pathologist with scoring 
based on the degree of synovial inflammation, 
pannus formation, cartilage damage, and bone 
resorption.23 For the histological expression 
analysis of TRPV1 and ASIC3, the paraffin-
embedded joint tissue sections were incubated 
for 30 min at room temperature with a 20% 
goat serum for nonspecific protein blocking and 
subsequently incubated with anti-TRPV1 and 
anti-ASIC3 antibodies (Alomone Labs, Jerusalem, 
Israel) overnight at 4°C. Immunohistochemistry 
was processed using 3,3’-diaminobenzidine as 
a chromogen according to a standard protocol 
of the Vectastain ABC kit (Vector Laboratories, 
Burlingame, CA, USA).

Western blot

Synovial tissues were obtained from 
hind paws and kept at -70°C until use. 
Proteins were extracted from frozen tissues, 
homogenized, and lysed with ice-cold 
radioimmunoprecipitation assay buffer (Sigma-
Aldrich, St. Louis, MO, USA) and protease 
inhibitors. An 8-12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis was 
performed to separate the extracted protein, 
which was then transferred to a nitrocellulose 
transfer membrane (Millipore, Billerica, MA, 
USA). After nonspecific protein blocking, 
the membrane was washed to remove the 
blocking solution and incubated with antibodies 
against TRPV1, ASIC3 (Alomone Labs Ltd, 
Jerusalem, Israel), p-ERK (extracellular signal-
regulated kinase), ERK, p-p38 MAPK, p38 
MAPK, p-JNK (c-Jun N-terminal kinase), JNK 
(Cell Signaling Technologies, Danvers, MA, 
USA), and b-actin (Sigma-Aldrich, St. Louis, 
MO, USA). After washing the membrane, 
horseradish peroxidase-conjugated secondary 
antibodies (Santa Cruz Biotechnology, Dallas, 
TX, USA) were added. Protein expression 
was detected with enhanced chemiluminescent 
detection reagents (Amersham Pharmacia 
Biotech, Uppsala, Sweden), and ImageJ software 
(National Institutes of Health, Bethesda, MD, 
USA) was used for quantification of protein 
intensity normalized to the density of b-actin.

Enzyme-linked immunosorbent assay

Anti-type II collagen IgG (Chondrex) was 
measured by enzyme-linked immunosorbent 



569Effectiveness of GCSB-5 in a murine model of rheumatoid arthritis

assay (ELISA). The levels of IL-17 or IL-6 
(R&D Systems, Minneapolis, MN, USA) were 
measured in mice sera using ELISA kits 
(R&D Systems) for mouse IL-17 and IL-6 
according to the manufacturer’s instructions. 
The absorbance was read at 450 nm by a 
Victor3 multilabel plate reader (Perkin Elmer, 
Waltham, MA, USA).

Isolation of rheumatoid arthritis 
fibroblast-like synoviocytes

The patients fulfilled the American College 
of Rheumatology criteria.24 The synovium of 
RA patients was obtained from the Keimyung  
Human Bio-Resource Bank, which belongs 
to National Biobank in Korea. Fibroblast-

Figure 1. The effects of GCSB-5 on the severity of autoimmune arthritis. (a) Experimental timeline. (b) Representative 
photos of hind paws of mice from each group. (c) Clinical arthritis  scores of each group. Celecoxib is used as a positive 
control. Values are expressed as mean ± standard deviation.
CFA: Complete Freund's adjuvant; IFA: Incomplete Freund's adjuvant; CIA: Type II collagen-induced arthritis; # p<0.05; ## p<0.01; ### p<0.001 compared 
to the control group; * p<0.05 and ** p<0.01 compared to the CIA + saline group.

(a)

(b)

(c)
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like synoviocytes (FLS) of RA patients were 
isolated from the synovium through tissue 
explant cultivation, as previously described.25 
Under sterile conditions, synovial tissues were 
placed in culture dishes with Hanks’ Balanced 
Salt Solution (Sigma-Aldrich, St. Louis, 
MO; USA), and the connective tissue and 
fat from synovial tissues were removed. The 
synovial tissues were divided into small pieces 
(approximately 1-2 mm3), treated with 0.5% 
type I collagenase (Worthington Biochemical 
Corporation, Lakewood, NJ, USA), and 
incubated in Dulbecco’s modified Eagle medium 
(DMEM) with 10% fetal bovine serum (FBS) at 
37°C and 5% CO2. The culture medium was 
replaced with fresh culture medium every two 
to three days. Adherent cells were routinely 
trypsinized, split at a 1:2 ratio, and passaged 
in DMEM containing 10% FBS. FLS at passage 
numbers 3 to 5 were used in the experiments.

Statistical analyses

Data were analyzed using the IBM SPSS 
version 26.0 software (IBM Corp., Armonk, NY, 
USA). Results are presented as mean±standard 
deviation. Statistical significance was determined 
by the Kruskal-Wallis H test. A p-value <0.05 
was considered statistically significant.

RESULTS

Effects of GCSB-5 on the development of 
arthritis in CIA mice

We first assessed whether GCSB-5 affected 
the clinical severity of experimental autoimmune 
arthritis. Representative photos of hind paws 
in each group are shown in Figure 1b. The 
GCSB-5-treated group revealed reduced joint 
swelling compared to the saline-treated CIA 
group. The mean arthritis score was also 
lower in the GCSB-5-treated group than in the 
saline-treated CIA group (Figure 1c).

Effects of GCSB-5 on serum 
proinflammatory cytokine levels in 
CIA mice

To investigate whether GCSB-5 affected 
antibody production against type II collagen and 
proinflammatory cytokine levels in CIA mice, 
serum levels of anti-type II collagen IgG, IL-17, 

and IL-6 were measured by ELISA. Administration 
of GCSB-5 (300 mg/kg) decreased the serum 
concentration of the anti-type II collagen IgG 
(Figure 2a). The serum concentrations of IL-17 
in GCSB-5-treated groups (both 300 mg/kg 
and 600 mg/kg) were also lower than those 
in the saline-treated CIA group (Figure 2b). 
Both GCSB-5-treated groups showed comparable 
serum IL-17 levels to the celecoxib-treated group. 
Serum concentrations of IL-6 were lower in the 
GCSB-5 (300 mg/kg)-treated group than those in 
the saline-treated CIA group; however, GCSB-5 
(600 mg/kg) treatment did not significantly 
reduce serum IL-6 levels (Figure 2c). Additionally, 
IL-6 serum levels were lower in the GCSB-5 

Figure 2. The effects of GCSB-5 on proinflammatory 
cytokine serum levels. (a) Pro-inflammatory cytokines 
such as IL-17, (b) IL-6 and (c) are measured by ELISA. 
Values are expressed as mean ± standard deviation.
CIA: Type II collagen-induced arthritis; IL: Interleukin; ELISA: Enzyme-linked 
immunosorbent assay; # p<0.05 and ### p<0.001 compared to the 
control group; * p<0.05 compared to the CIA + saline group.

(a)

(b)

(c)
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(300 mg/kg)-treated group (p<0.001) and in the 
GCSB-5 (600 mg/kg)-treated group (p<0.01) 
compared to those in the celecoxib-treated group.

Effects of GCSB-5 on radiographic and 
histologic changes in CIA mice

On plain radiographs, multiple erosive 
changes were found in the joints of hind paws 
from the saline-treated CIA group, whereas 
only minimal erosions were observed in the 
GCSB-5-treated group (Figure 3a). Moreover, 

the GCSB-5 (300 mg/kg)-treated and celecoxib-
treated groups had significantly decreased 
radiographic arthritis scores compared to the 
CIA group (Figure 3b). Furthermore, radiographic 
arthritis scores were comparable between the 
GCSB-5-treated groups and the celecoxib-treated 
group.

Histologic sections of the mouse hind 
paw joints are shown in Figure 3c. Marked 
cartilage and bone damage were observed in 

Figure 3. The effects of GCSB-5 on radiographic and histologic changes. (a) Representative plain radiographs of each 
group. (b) Radiographic scores of each group. (c) H&E and safranin O staining of each group. (d) Histologic scores of 
each group. Values are expressed as mean ± standard deviation.
CIA: Type II collagen-induced arthritis; H&E Hematoxylin and eosin; ### p<0.001 compared to the control group; * p<0.05 and ** p<0.01 compared to 
the CIA + saline group.

(a) (b)

(c)

(d)
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the CIA group compared to the GCSB-5-treated 
or celecoxib-treated group. In contrast, the 
joints of GCSB-5-treated or celecoxib-treated 
mice exhibited decreased levels of synovial 
inflammation, pannus formation, cartilage 
damage, and bone resorption (Figure 3d). There 
were no differences between the GCSB-5-treated 
groups and the celecoxib-treated group in 
histologic changes, such as synovial inflammation, 
pannus formation, cartilage damage, and bone 
resorption.

Effects of GCSB-5 on pain hypersensitivity 
in CIA mice

The effect of GCSB-5 on mechanical 
hyperalgesia in CIA mice was evaluated using 
von Frey filaments. The CIA group showed 
a marked decrease in the paw withdrawal 
threshold compared to the control group 
(Figure 4a). After CIA induction, the paw 
withdrawal threshold in the CIA group was 
5.04±0.82 g, whereas it was 9.95±0.14 g 
in the control group. The paw withdrawal 
threshold of mice in the GCSB-5 (300 mg/kg)-
treated group was higher than that of mice in 
the CIA group (Figure 4a). The baseline paw 
withdrawal latency after CIA induction was 
1.29±0.19 sec, whereas that of the control 
group was 2.52±0.59 sec (Figure 4b). Figure 4b 
also shows that intragastric administration of 
GCSB-5 (300 mg/kg) increased the paw 

withdrawal latency of mice in this group 
compared to that of mice in the CIA group. 
The celecoxib group exhibited increased paw 
withdrawal threshold and latency compared to 
the CIA group (Figures 4a and b). Withdrawal 
threshold and withdrawal latency were also 
both inversely correlated with clinical arthritis 
scores (Supplemental Figure 1).

Effects of GCSB-5 on TRPV1, ASIC3, 
and MAPK signaling pathways in 
CIA mice

Immunohistochemical staining of the hind 
paw joints showed that TRPV1 and ASIC3 
expression was markedly increased in CIA 
mice and that GCSB-5 treatment reduced 
the expression of these pain-related proteins 
(Figure 5a). TRPV1 and ASIC3 expression 
levels in GCSB-5-treated CIA mice were also 
comparable to those in celecoxib-treated CIA 
mice (Figure 5a). We used western blotting 
to measure TRPV1 and ASIC3 expression in 
the mouse hind paws. GCSB-5 administration 
suppressed the elevated TRPV1 and 
ASIC3 expression in CIA mice (Figure 5b). 
Administration of GCSB-5 (both 300 mg/kg and 
600 mg/kg) reduced the expression of TRPV1, 
and administration of GCSB-5 (300 mg/kg) 
decreased ASIC3 expression in mice synovia 
within these groups compared to those in the 
saline-treated CIA group.

Figure 4. The effects of GCSB-5 on mechanical nociception evaluated using a von Frey dynamic plantar analgesimeter. 
(a) Withdrawal threshold and (b) withdrawal latency of each group. Values are expressed as mean ± standard deviation.
CIA: Type II collagen-induced arthritis; # p<0.05 and ## p<0.01; compared to the control group; * p<0.05 and *** p<0.01 compared to the CIA + saline 
group.

(a) (b)
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The influence of GCSB-5 on the MAPK 
signaling pathway was also evaluated using 
synovial tissues from the ankle joints of mice in 
each group by western blot. ERK, p38 MAPK, 
and JNK phosphorylation were enhanced in 
the saline-treated CIA group compared to 
the control group (Figure 6). The GCSB-5 
(300 mg/kg)-treated group exhibited suppressed 
ERK, p38 MAPK, and JNK phosphorylation 
compared to the saline-treated CIA group 

(Figure 6). Similarly, ERK phosphorylation was 
inhibited in the GCSB-5 (600 mg/kg)-treated 
group compared to the saline-treated CIA group 
(Figure 6).

Effects of GCSB-5 on TRPV1 and ASIC3 
in FLS derived from patients with RA

To investigate whether GCSB-5 affects 
TRPV1 and ASIC3 regulation in human samples, 
we analyzed TRPV1 and ASIC3 expression 

Figure 5. Regulatory effects of GCSB-5 on the expression of pain-related ion channels. (a) representative 
immunohistochemical staining for TRPV1 and ASIC3 in the joints of mice from each group. (b) Western blot analysis using 
TRPV1 and ASCI3 antibodies in protein extracts from synovial tissues. Values are expressed as mean ± standard deviation.
TRPV1: Transient receptor potential vanilloid channel type 1; ASIC3: Acid-sensing ion channel 3; CIA: Type II collagen-induced arthritis; ## p<0.01; 
### p<0.001 compared to the control group; * p<0.05 and ** p<0.01 compared to the CIA + saline group.

(a)

(b)
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Figure 6. The effects of GCSB-5 on MAPK signaling pathway. The expression and phosphorylation of ERK, p38 MAPK, 
and JNK are analyzed in protein extracts from synovial tissues using western blot. Representative images of western blot 
(left panel) and densitometric quantification phosphorylation/total of ERK, p38 MAPK, and JNK expression (right panel). 
Values are expressed as mean ± standard deviation.
CIA: Type II collagen-induced arthritis; MAPK: Mitogen-activated protein kinase; ERK: Extracellular signal-regulated protein kinase; JNK: c-Jun N-terminal 
kinase; ### p<0.001 compared to the control group; * p<0.05 and ** p<0.01 compared to the CIA + saline group.

Figure 7. The effects of GCSB-5 on IL-6-induced TRPV1 and ASIC3 expression in RA-FLS. Western blot analysis of 
TRPV1 and ASIC3 in human RA-FLS (left panel). Optimal density ratios of TRPV1/b-actin and ASIC3/b-actin (right 
panel). Values are expressed as mean ± standard deviation.
TRPV1: Transient receptor potential vanilloid channel type 1; ASIC3: Acid-sensing ion channel 3; RA-FLS: Fibroblast-like synoviocytes derived from 
patients with rheumatoid arthritis; PD98059: Extracellular signal-regulated protein kinase (ERK) inhibitor; SB203580: p38 mitogen-activated protein kinase 
(MAPK) inhibitor; SP600125X c-Jun N-terminal kinase (JNK) inhibitor; IL-6: Interleukin-6; # p<0.05 compared to the control group (IL-6 unstimulated 
group); * p<0.05 and ** p<0.01 compared to the IL-6 stimulated group.
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in FLS derived from RA patients (RA-FLS) 
(Figure 7). A 3-(4,5-dimethylthiazol-2-yl)-2,5 
diphenyl tetrazolium bromide assay was applied 
to evaluate the cytotoxic potential of GCSB-5 in 
RA-FLS with no effect observed in cell viability 
from 0 to 3,000 μg/mL (Supplemental Figure 2). 
IL-6, one of the key inflammatory cytokines in 
RA pathogenesis, enhanced TRPV1 and ASIC3 
expression in RA-FLS. In contrast, GCSB-5 
treatment (800 μg/mL) reduced IL-6-induced 
(0.2 ng/mL) TRPV1 expression. PD98059, an 
ERK inhibitor, also suppressed IL-6-induced 
TRPV1 expression. Similarly, IL-6-induced ASIC3 
expression was inhibited by GCSB-5 (800 μg/mL) 
in RA-FLS. Furthermore, PD98059 (50 μM), 
SB203580 (p38 MAPK inhibitor, 25 μM), and 
SP600125 (JNK inhibitor, 25 μM) reduced 
IL-6-induced ASIC3 expression. The results 
demonstrated that TRPV1 and ASIC3 could be 
induced by IL-6 in human RA-FLS. Moreover, the 
results imply that the MAPK signaling pathway 
might be involved in IL-6-induced TRPV1 and 
ASIC3 expression in RA-FLS.

DISCUSSION

Rheumatoid arthritis is a chronic autoimmune 
disease that causes abnormal proliferation of 
synovium of the joints, with accompanying 
troublesome pain and limitation of joint mobility.26,27 
The final goal of treating RA is improving 
the quality of life of patients by controlling 
inflammation, reducing joint damage, maintaining 
joint function, and regulating pain.28 Celecoxib, 
a selective COX-2 inhibitor, which we chose as a 
positive control drug in this study, is commonly 
used for symptomatic control in RA with an 
excellent anti-inflammatory and analgesic effect; 
nevertheless, it is associated with gastrointestinal 
toxicity and cardiotoxicity.29,30 Previous studies 
have shown that GCSB-5 exhibits medicinal 
effects comparable to that of celecoxib in OA, 
with the advantage of being safe in terms of 
gastrointestinal toxicity.20,31 Several studies have 
also shown that GCSB-5 improves symptoms in 
patients with OA and that it is as safe as celecoxib 
for the long-term treatment of knee OA.20,21,31 
However, evidence regarding whether GCSB-5 
acts against inflammation and alleviates symptoms 
associated with inflammatory reactions in RA 
remains scarce. We believe that the present study 

is the first to investigate the anti-inflammatory 
effect and analgesic mechanisms of GCSB-5 in 
a murine model of RA. Although our results are 
based on an in vivo animal model and in vitro 
human RA-FLS, this study supports the beneficial 
effects of GCSB-5 in reducing inflammation and 
relieving pain in RA.

To the best of our knowledge, this is the 
first study to report that GCSB-5 relieves 
arthralgia and the related mechanisms through 
a CIA model, a representative murine model of 
RA. Synovial TRPV1 and AISC3 expression 
were demonstrably reduced by GCSB-5. Both 
TRPV1 and ASIC3 are pain-related receptors, 
which can be induced during inflammatory 
responses. TRPV1 and ASIC3 expression are 
regulated by the MAPK signaling pathway, 
which is known to play a significant role in the 
pathogenesis of RA.32-34 This finding led us to 
investigate the MAPK signaling pathway in this 
study.

Nevertheless, this study had some limitations. 
First, we did not investigate the roles of each 
component of this herbal combination drug. 
Therefore, the pharmacokinetic characteristics 
of this compound should be investigated 
further to provide supporting evidence on how 
the 300 mg/kg GCSB-5 treatment induced 
better responses than 600 mg/kg GCSB-5 in 
several of our experiments. Second, this study 
observed the severity of clinical arthritis for 
only 49 days, which is a widely adopted period 
of observation for a murine model of RA. 
During the observation period, although the 
analgesic effect of GCSB-5 through regulation 
of TRPV1 and ASCI3 was comparable to 
that of celecoxib, the antiarthritic effect of 
GCSB-5 seemed to be milder and delayed 
compared to that of celecoxib. The GCSB-5-
treated group exhibited a delayed treatment 
effect and gradual improvement of clinical 
arthritis compared to the celecoxib-treated 
group. A longer observation period might 
show better clinical outcomes comparable to 
that of celecoxib. Further studies are needed 
to confirm delayed inhibitory effect of GCSB-5 
on murine autoimmune arthritis. Third, as 
celecoxib is not classified as a disease-modifying 
antirheumatic drug and is used as an adjuvant in 
the control of RA, GCSB-5 also has limitations 
as an adjunctive drug in RA for reducing 
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inflammation and pain, although GCSB-5 was 
effective for inflammation and pain in our 
experiments. Further studies are needed to 
determine whether GCSB-5 alters the course 
of RA. Fourth, as we obtained synovial samples 
already retained in the Bio-Resource Bank, 
there are limitations in obtaining sufficient 
clinical data, such as disease activities or 
therapeutic modalities of RA patients who 
donate synovial samples used in our in vitro 
study. An analysis of the association between 
clinical information and in vitro study results 
could have provided more accurate information 
for the experiment.

In conclusion, GCSB-5 reduced the severity 
of inflammatory arthritis by regulating the 
MAPK signaling pathway in a murine model of 
RA in this study. GCSB-5 has beneficial effects 
in relieving pain. Suppressed expression of 
pain-associated receptors, such as TRPV1 and 
ASIC3, by GCSB-5 treatment was confirmed 
both in vivo  and in vitro. These results 
suggest the possibility that GCSB-5 could be an 
effective anti-inflammatory and pain-relieving 
agent for autoimmune inflammatory arthritis, 
including RA.

Acknowledgement: The authors thank HW Chang 
for supporting the radiologic assessments. We also thank 
the Green Cross Corp. for providing GCSB-5.

Ethics Committee Approval: All animal 
experiments were conducted in accordance with 
the principles for laboratory animal use and care 
provided by US guidelines (NIH publication #85-
23, revised in 1985). The study was approved 
by Keimyung University Institutional Animal Care 
and Use Committee for animal experiments (ethics 
approval number: KM-2015-21R1).

Patient Consent for Publication: A written 
informed consent was obtained from each patient.

Data Sharing Statement: The data that support the 
findings of this study are available from the corresponding 
author upon reasonable request.

Author Contributions: Idea/concept: J-M.K.; 
Design: J.B., J-M.K.; Supervision: J-M.K.; Data collection 
and processing: J.B., J-M.K., Analysis and interpretation: 
J.B., H.R.J., J-M.K.; Writing the article: J.B., G.K., S.Y.P., 
J-M.K.; Materials: S-H.K.

Conflict of Interest: The authors declared no 
conflicts of interest with respect to the authorship and/or 
publication of this article.

Funding: This work was supported by the research 
promoting grant from the Keimyung University Dongsan 
Medical Center in 2015.

REFERENCES

1. Firestein GS. Evolving concepts of rheumatoid 
arthritis. Nature 2003;423:356-61. 

2. Schaible HG. Nociceptive neurons detect cytokines in 
arthritis. Arthritis Res Ther 2014;16:470. 

3. Kojima M, Kojima T, Ishiguro N, Oguchi T, Oba M, 
Tsuchiya H, et al. Psychosocial factors, disease status, 
and quality of life in patients with rheumatoid arthritis. 
J Psychosom Res 2009;67:425-31. 

4. Morales-Lázaro SL, Simon SA, Rosenbaum T. The 
role of endogenous molecules in modulating pain 
through transient receptor potential vanilloid 1 
(TRPV1). J Physiol 2013;591:3109-21. 

5. Vriens J, Appendino G, Nilius B. Pharmacology of 
vanilloid transient receptor potential cation channels. 
Mol Pharmacol 2009;75:1262-79. 

6. Galindo T, Reyna J, Weyer A. Evidence for Transient 
Receptor Potential (TRP) channel contribution to 
arthritis pain and pathogenesis. Pharmaceuticals 
(Basel) 2018;11:105. 

7. Terenzi R, Romano E, Manetti M, Peruzzi F, Nacci 
F, Matucci-Cerinic M, et al. Neuropeptides activate 
TRPV1 in rheumatoid arthritis fibroblast-like 
synoviocytes and foster IL-6 and IL-8 production. 
Ann Rheum Dis 2013;72:1107-9. 

8. Engler A, Aeschlimann A, Simmen BR, Michel BA, 
Gay RE, Gay S, et al. Expression of transient receptor 
potential vanilloid 1 (TRPV1) in synovial fibroblasts from 
patients with osteoarthritis and rheumatoid arthritis. 
Biochem Biophys Res Commun 2007;359:884-8. 

9. Keeble J, Russell F, Curtis B, Starr A, Pinter E, Brain 
SD. Involvement of transient receptor potential vanilloid 
1 in the vascular and hyperalgesic components of joint 
inflammation. Arthritis Rheum 2005;52:3248-56. 

10. Deval E, Noël J, Lay N, Alloui A, Diochot S, Friend 
V, et al. ASIC3, a sensor of acidic and primary 
inflammatory pain. EMBO J 2008;27:3047-55. 

11. Hsieh WS, Kung CC, Huang SL, Lin SC, Sun WH. 
TDAG8, TRPV1, and ASIC3 involved in establishing 
hyperalgesic priming in experimental rheumatoid 
arthritis. Sci Rep 2017;7:8870. 

12. Ikeuchi M, Kolker SJ, Sluka KA. Acid-sensing ion 
channel 3 expression in mouse knee joint afferents 
and effects of carrageenan-induced arthritis. J Pain 
2009;10:336-42.

13. Heo J. Bogam D. The precious mirror of oriental 
medicine. Namsangdang, Seoul 1999. p. 23-7.

14. Zhu J, Gao X, Xie WL, Jin YZ, Sun WJ. Effect of 
geniposide on serum IL-1beta and TNF-alpha of 
rheumatoid arthritis rats. Zhongguo Zhong Yao Za Zhi 
2005;30:708-11.



577Effectiveness of GCSB-5 in a murine model of rheumatoid arthritis

15. Kim BH, Park KS, Chang IM. Elucidation of anti-
inflammatory potencies of Eucommia ulmoides 
bark and Plantago asiatica seeds. J Med Food 
2009;12:764-9. 

16. Chung HJ, Lee HS, Shin JS, Lee SH, Park BM, 
Youn YS, et al. Modulation of acute and chronic 
inflammatory processes by a traditional medicine 
preparation GCSB-5 both in vitro and in vivo animal 
models. J Ethnopharmacol 2010;130:450-9.

17. Kim TH, Yoon SJ, Lee WC, Kim JK, Shin J, Lee 
S, et al. Protective effect of GCSB-5, an herbal 
preparation, against peripheral nerve injury in rats. J 
Ethnopharmacol 2011;136:297-304. 

18. Kim JK, Park SW, Kang JW, Kim YJ, Lee SY, Shin 
J, et al. Effect of GCSB-5, a herbal formulation, 
on monosodium iodoacetate-induced osteoarthritis 
in rats. Evid Based Complement Alternat Med 
2012;2012:730907. 

19. Kim WK, Chung HJ, Pyee Y, Choi TJ, Park HJ, 
Hong JY, et al. Effects of intra-articular SHINBARO 
treatment on monosodium iodoacetate-induced 
osteoarthritis in rats. Chin Med 2016;11:17. 

20. Park YG, Ha CW, Han CD, Bin SI, Kim HC, Jung 
YB, et al. A prospective, randomized, double-blind, 
multicenter comparative study on the safety and 
efficacy of Celecoxib and GCSB-5, dried extracts of 
six herbs, for the treatment of osteoarthritis of knee 
joint. J Ethnopharmacol 2013;149:816-24.

21. Park JK, Shin K, Kang EH, Ha YJ, Lee YJ, Lee KH, 
et al. Efficacy and tolerability of GCSB-5 for hand 
osteoarthritis: A randomized, controlled trial. Clin 
Ther 2016;38:1858-68.e2. 

22. Nishikawa M, Myoui A, Tomita T, Takahi K, Nampei 
A, Yoshikawa H. Prevention of the onset and 
progression of collagen-induced arthritis in rats by the 
potent p38 mitogen-activated protein kinase inhibitor 
FR167653. Arthritis Rheum 2003;48:2670-81. 

23. Camps M, Rückle T, Ji H, Ardissone V, Rintelen F, 
Shaw J, et al. Blockade of PI3Kgamma suppresses 
joint inflammation and damage in mouse models of 
rheumatoid arthritis. Nat Med 2005;11:936-43. 

24. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson 
DT, Bingham CO 3rd, et al. 2010 rheumatoid 
arthritis classification criteria: An American College 

of Rheumatology/European League Against 
Rheumatism collaborative initiative. Arthritis Rheum 
2010;62:2569-81. 

25. Kim SH, Bang J, Son CN, Baek WK, Kim JM. Grape 
seed proanthocyanidin extract ameliorates murine 
autoimmune arthritis through regulation of TLR4/
MyD88/NF-kB signaling pathway. Korean J Intern 
Med 2018;33:612-21. 

26. Alunno A, Carubbi F, Giacomelli R, Gerli R. Cytokines 
in the pathogenesis of rheumatoid arthritis: New 
players and therapeutic targets. BMC Rheumatol 
2017;1:3. 

27. Kasahara M. Role of immunoproteasomes and 
thymoproteasomes in health and disease. Pathol Int 
2021;71:371-82. 

28. Ferro F, Elefante E, Luciano N, Talarico R, Todoerti 
M. One year in review 2017: Novelties in the 
treatment of rheumatoid arthritis. Clin Exp Rheumatol 
2017;35:721-34. 

29. Gong L, Thorn CF, Bertagnolli MM, Grosser T, Altman 
RB, Klein TE. Celecoxib pathways: Pharmacokinetics 
and pharmacodynamics. Pharmacogenet Genomics 
2012;22:310-8. 

30. Thakur S, Riyaz B, Patil A, Kaur A, Kapoor B, 
Mishra V. Novel drug delivery systems for NSAIDs in 
management of rheumatoid arthritis: An overview. 
Biomed Pharmacother 2018;106:1011-23. 

31. Ha CW, Park YB, Kyung HS, Han CS, Bae KC, 
Lim HC, et al. Gastrointestinal safety and efficacy of 
long-term GCSB-5 use in patients with osteoarthritis: 
A 24-week, multicenter study. J Ethnopharmacol 
2016;189:310-8. 

32. Fang Q, Zhou C, Nandakumar KS. Molecular and 
cellular pathways contributing to joint damage 
in rheumatoid arthritis. Mediators Inflamm 
2020;2020:3830212. 

33. Behl T, Upadhyay T, Singh S, Chigurupati S, 
Alsubayiel AM, Mani V, et al. Polyphenols targeting 
MAPK mediated oxidative stress and inflammation in 
rheumatoid arthritis. Molecules 2021;26:6570. 

34. Wei S, Qiu CY, Jin Y, Liu TT, Hu WP. TNF-a 
acutely enhances acid-sensing ion channel currents 
in rat dorsal root ganglion neurons via a p38 MAPK 
pathway. J Neuroinflammation 2021;18:92.



Arch Rheumatol578

Supplemental Figure 1. Correlations between mechanical hyperalgesia and clinical arthritis severity.

Supplemental Figure 2. Assessment of cell viability in 
RA-FLS.
RA-FLS: Fibroblast-like synoviocytes derived from patients with rheumatoid 
arthritis; n.s: No significant difference.


