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ABSTRACT  

Inflammation in rheumatoid arthritis is characterized by immune cell infiltration and cytokine secretion. 

In particular, mast cells and their cytokines play an important role in the pathogenesis of rheumatoid 

arthritis. Korean medicine, BaekJeol-Tang (BT) was designed by traditional Korean medicine theory. We 

already reported therapeutic effect of BT in rheumatoid arthritis. Here, we report the specific underlying 

mechanism of BT in activated human mast cells, HMC-1 cells. In addition, we report for the first time 

that BT significantly inhibited the production and mRNA expression of proinflammatory cytokines 

including thymic stromal lymphopoietin, interleukin (IL)-1β, IL-6, IL-8, and tumor necrosis factor-α in 

activated HMC-1 cells. BT also decreased the activation of mitogen-activated protein kinases, nuclear 

factor-κB, and caspapase-1. Taken together, these results indicate that BT has potential as a regulator of 

inflammatory reactions for the treatment of arthritis such as osteoarthritis and rheumatoid arthritis. 
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ostheoarthritis 
 

 

 

INTRODUCTION 
 

Rheumatoid arthritis (RA) induces inflammatory and 

destructive processes in synovium, cartilage, bone, and bone 

marrow (Schett and Firestein, 2010). Osteoarthritis (OA) is 

primarily described as a disease of cartilage damage 

(Clockaerts et al., 2011). The disease process in both OA and 

RA is influenced by systemic and metabolic disturbances and 

inflammatory processes (van Eekeren et al., 2013). 

Inflammation in OA and RA is characterized by immune cell 

infiltration (de Lange-Brokaar et al., 2012). Most frequently 

found cells types were macrophages, T cells, and mast cells. In 

particular, mast cells and their cytokines play an important role 

in the pathogenesis of rheumatoid arthritis (Bridges et al., 1991; 

Cauli et al., 2000; Dean et al., 1993). Overall mast cell numbers 

in RA and OA patients were higher than in normal controls 

(Buckley et al., 1998; Dean et al., 1993; Ceponis et al., 1998). 

The mast cells were mainly found within the sublining layer 

and around blood vessels (Damsgaard et al., 1999). The 

number of degranulated mast cells was highest in superficial 

layers of OA synovial tissues. However, the number of mast 

cells in RA synovial tissues was increased in the capsule (Dean 

et al., 1993). Inflammation is also characterized by 

inflammatory cytokine secretion in OA and RA (de 

Lange-Brokaar et al., 2012). Interleukin (IL)-1β and tumor 

necrosis factor alpha (TNF-α) are proinflammatory cytokines 

and increase the inflammatory reactions. These cytokines were 

seen in lining layer and sublining layer (Melchiorri et al., 1998). 

Moreover, IL-1β was induced by IL-1β-converting enzyme 

(ICE, caspase-1) in OA synovial tissues (Saha et al., 1999). 

IL-6 was detected in lining layer of OA synovial tissues (de 

Lange-Brokaar et al., 2012; Doss et al., 2007). Another 

cytokine associated with innate immunity, IL-8 was produced 

in the synovial membrane, cartilage-pannus junction, and 

chondrocytes and detected in deeper layers and around vessels 

(Deleuran et al., 1994). Thymic stromal lymphopoietin (TSLP) 

plays a pivotal role not only in allergic diseases but also in 

inflammatory arthritis (Koyama et al., 2007). These cytokines 

are expressed in mast cells via the mitogen activated protein 

kinase (MAPKs)/nuclear factor (NF)-κB/caspase-1 signaling 

pathways (Zhang et al., 2007; Moon et al., 2011).  

Traditional Korean medicine, BaekJeol-Tang (BT) has been 

used to treat rheumatoid arthritis and to protect injured 

chondrocytes in Korean medical clinic. BT is composed of 

shark cartilage, Atractylodis Rhizoma (蒼朮), Phellodendri 

Cortex (黃柏), and Sophora Radix (苦蔘). The traditional 

Korean medicine describes that the pathological dampness-heat 

in body can induce articular pain, swelling, carbuncle, or 

furuncle (Heo, 1999), etc. Clear heat and dry dampness 

medicinal (淸熱燥濕藥) have been mostly used at treatment 
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for these diseases. Phellodendri Cortex keeps cold character 

and has been used to treat arthralgia or knee pain (Sin, 1997). 

Sophora Radix also keeps cold character and has been used to 

treat skin diseases such as pruritus or scabies (Sin, 1997). On 

the other hand, Atractylodis Rhizoma keeps warm character 

and has been used to prevent the clear heat and dry dampness 

medicinal-induced side effect or stomach ache as well as to 

treat limbs and the knee joint pain (Sin, 1997). Shark cartilage 

has been often used to treat for joint problems. In addition, 

Jeong et al. (2012) have reported that BT inhibited RA through 

negative regulation of IL-32 pathways.  

Inflammation is involved in increasing number of diseases 

necessitating the development of new, effective, and safe 

treatments. Non-steroidal anti-inflammatory drugs (NSAIDs) 

have been helpful in inflammatory diseases through the 

inhibition of cyclooxygenase-2 and inflammatory cytokines 

(Conti et al., 2013). However, NSAIDs are accomplished with 

adverse effects such as cardiovascular, renal, and 

gastrointestinal toxicity (Cavagna et al., 2013; Lindberg 2013). 

The traditional medicine therapies are generally considered to 

be safe and efficacy by general population (Guo and Liu 2013). 

Therefore, we examined whether BT can regulate the 

inflammatory cytokine production signaling pathway in 

phorbol 12-myristate 13-acetate (PMA) and calcium ionophore 

A23187 (PMACI)-stimulated human mast cells (HMC)-1.  

 

 

MATERIALS AND METHODS 
 

Materials 

PMA, A23187, dimethyl sulfoxide (DMSO), 3-(4, 

5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 

(MTT), hesperidin, glycyrrhizin, dexamethasone, and other 

reagent were purchased from Sigma (St. Louis, MO, USA). 

Iacove's midified Dulbecco's medium (IMDM) and fetal bovine 

serum (FBS) were purchased from Gibco BRL (Grand Island, 

NY, USA). Anti-human TSLP, IL-1β, IL-6, IL-8, and TNF-α 

biotinylated anti-human TSLP, IL-1β, IL-6, IL-8, and TNF-α, 

recombinant human (rh) TSLP, IL-1β, IL-6, IL-8, and TNF-α 

were purchased from Pharmingen (San Diego, CA, USA). 

Antibodies (Abs) for caspase-1, ERK, phosphorylated (p) 

extracellular signal-regulated kinase (ERK), p38, pp38, c-Jun 

N-terminal kinase (JNK), pJNK, NF-κB, IκBα, and β-actin 

were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, 

USA). The caspase assay kit was supplied by R&D Systems 

Inc. (Minneapolis, MN, USA).  

 

Cell culture 

The HMC-1 cells have been established from the peripheral 

blood of a patient with mast cell leukemia (Butterfield et al., 

1988). The HMC-1 was grown in IMDM supplemented with 

100 U/ml penicillin, 100 mg/ml streptomycin, and 10% heat 

inactivated FBS at 37°C, 5% CO2 and 95% humidity.  

 

Preparation of BT 

BT is composed of shark cartilage (24 g), Atractylodis 

Rhizoma (Atractylodes lancea DC, 8 g), Phellodendri Cortex 

(Phellodendron amurense Ruprecht, 8 g), and Sophora Radix 

(Sophora flavescens Solander ex Aiton, 8 g). BT (voucher No 

201101) was provided from TeunTeunMadi Korean medical 

clinic (Seoul, Republic of Korea) and identified by Korean 

Medical Doctors Woo-Moon Sim, Moo-Chang Sul, Min-Cheol 

Kim, Chang-Hee Lee, Dong- Won Kim, Se-Hun Lee, Ho-Cheol 

Lee, Jong-Min Ryu, Bong-Soo Nam, Jong-Ok Kim, Seong-Oh 

Moon, Hyeon-Lok Jang, Young-Seok Kim, Ihn Lee, Jin-Young 

Yang, Kyu-SunHwang, Chang-Sun Chun, Hyeon-Seok Jeong. 

An extract of BT was prepared by decocting the dried 

prescription of herbs with boiling distilled water (48 g/l). The 

product was filtered, lyophilized and kept at 4°C. The yield of 

dried product from starting materials was about 35.6%. The 

samples were dissolved in distilled water and then filtered 

through 0.22 μm syringe filter. 

 

ELISA 

Secreted TSLP, IL-1β, IL-6, IL-8, and TNF-α in culture 

supernatants were measured according to the manufacturer’s 

specification (Pharmingen, San Diego, CA, USA).  

 

MTT assay 

HMC-1 cell aliquots (3 × 105 cells/ml) were cultured in 

microplate wells for 8 h after treatment by BT and incubated 

with 20 μl of an MTT solution (5 mg/ml) for additional 4 h at 

37C under 5% CO2 and 95% air. Consecutively, 250 μl of 

DMSO was added to extract the MTT formazan and the 

absorbance of each well at 540 nm was read by an automatic 

microplate reader. 

 

RNA isolation and RT-PCR 

Total RNA was isolated from HMC-1 according to the 

manufacturer's specifications using an easy-BLUE RNA 

extraction kit (iNtRON Biotech, Korea). Total RNA (2.0 µg) 

was heated at 65C for 10 min and then chilled on ice. Each 

sample was reverse-transcribed to cDNA for 90 min at 37C 

using a cDNA synthesis kit. RT-PCR was carried out with 1 μl 

of a cDNA mixture, in 20 μl final volume with 2.5 mM MgCl2, 

200 mM dNTPs, 25 pM cytokine primers, and 2.5 U of 

TaqDNA polymerase in the reaction buffer (50 mM KCl, 10 

mM Tris-HCl, pH 9, and 0.1% Triton X-100). PCR was 

performed with the following primers for human TSLP (5' TAT 

GAG TGG GAC CAA AAG TAC CG 3' and 5' GGG ATT 

GAA GGT TAG GCT CTG G 3'); human IL-1β (5' CCG GAT 

CCA TGG CAC CTG TAC GAT CA 3'; 5' GGG GTA CCT 

TAG GAA GAC ACA AAT TG 3'); human IL-6 (5' GAT 

GGATGC TTC CAATCT GGAT 3'; 5' AGT TCT CCATAG 

AGA ACA ACA TA 3'); human IL-8 (5' CGA TGT CAG TGC 

ATA AAG ACA 3'; 5' TGA ATT CTC AGC CCT CTT CAA 

AAA 3'); human TNF-α (5' CAC CAG CTG GTT ATC TCT 

CAG CTC 3'; 5' CGG GAC GTG GAG CTG GCC GAG GAG 

3'); GAPDH (5' CAA AAG GGT CAT CAT CTC TG 3'; 5' 

CCT GCT TCA CCA CCT TCT TG 3'). The annealing 

temperature was 62°C for TSLP, 50°C for IL-1β, 56°C for IL-6, 

and 60°C for IL-8, TNF-α, and GAPDH. Products were 

electrophoresed on a 1.5% agarose gel and visualized by 

staining with ethidium bromide.  

 

Western blot analysis 

For analysis of protein level of indicated proteins in the text, 

stimulated cells were rinsed twice with ice-cold phosphate 

buffered saline (PBS) and then lysed in ice-cold lysis buffer 

(PBS containing 0.1% SDS, 1% triton and 1% deoxycholate). 

Cell lysates were separated through electrophoresis, the protein 

was transferred to nylon membranes by electrophoretic transfer. 

The membranes were blocked in 5% skim milk for 2 h, rinsed 

and incubated overnight at 4C with primary Abs (Santa Cruz 

Biotechnology, Santa Cruz, CA). After three washes in PBS 

containing 0.05% Tween-20 (PBST), the membranes were 

incubated for 1 h with horse radish peroxidase-conjugated 

secondary Abs. After three washes in PBST, the protein bands 

were visualized by an enhanced chemiluminescence assay 

following the manufacturer’s instructions.  

 

Caspase-1 activity 

The enzymatic activity of caspase-1 was assayed using a 

caspase-1 colorimetric assay kit according to the manufacturer's 
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protocol. The lysed cells were centrifuged at 15,000 × g for 5 

min. The protein supernatant was incubated with 50 μl reaction 

buffer and 5 μl caspase substrate (WEHD-p-nitroaniline) at 

37C for 2 h. The absorbance was measured was measured 

using a plate reader at a wavelength of 405 nm. Equal amounts 

of the total protein from each lysate were quantified using a 

bicinchoninic acid protein quantification kit (Pierce, Rockford, 

IL, USA). 

 
Fig. 1. Effect of BT on inflammatory cytokine secretion and cell viability in HMC-1 cells. The cells were pretreated with various concentrations of 

BT (1, 10, and 100 μg/ml) for 2 h prior to PMACI stimulation for 8 h. (A-E) Secreted cytokine levels in culture supernatants of cells were measured 

by the ELISA method. (F) Cell viability was evaluated by an MTT assay. Data represent mean ± S.D. of three independent experiments. #p < 0.05: 
significantly different from unstimulated cells. *p < 0.05: significantly different from the PMACI-stimulated cells. PMACI, PMA plus A23187; BT, 

BaekJeol-Tang. 
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Statistical analysis 

Results were expressed as the mean ± standard deviation (S.D) 

of independent experiments. All statistical analyses were 

performed by one-way analysis of variance with Tukey post 

hoc test to express the difference between groups using SPSS 

v12.00 statistical analysis software (SPSS Inc., IL, USA). A 

value of p < 0.05 was considered to indicate statistical 

significance. 

 

 

RESULTS  

 
Inhibitory effect of BT on inflammatory cytokines secretion 

and mRNA expression in HMC-1 cells 

We examined the regulatory effect of BT on the production of 

TSLP, IL-1β, IL-6, IL-8, and TNF-α. PMACI significantly 

increased cytokine production compared with the media control 

(Fig. 1A-E). TSLP, IL-1, IL-6, IL-8, and TNF-α increased by 

PMACI were significantly inhibited by BT (Fig. 1A-E, p < 

0.05). Using the pretreated HMC-1 cells described above, we 

also performed a RT-PCR analysis for TSLP, IL-1, IL-6, IL-8, 

and TNF-α to determine whether BT modulated 

PMACI-induced cytokines mRNA expressions. The mRNA 

expressions of TSLP, IL-1, IL-6, IL-8, and TNF-α were 

up-regulated by PMACI stimulation but the up-regulated 

cytokine mRNA expressions were decreased with BT (Fig. 2). 

We examined cell viability using a MTT assay. BT had no 

effect on cell viability (Fig. 1F). 

 

Inhibitory effect of BT on MAPKs phosphorylation in 

HMC-1 cells 

To determine the regulatory effect of BT on the MAPKs 

activation induced by PMACI, Western blot analysis for 

phosphorylated ERK, JNK, and p38 MAPKs was performed. 

The result showed that MAPKs phosphorylation was increased 

by PMACI, but the treatment of BT suppressed the 

phosphorylation of ERK, JNK, and p38 in PMACI-stimulated 

cells (Fig. 3). 

 

Inhibitory effect of BT on NF-κB activation and IκB 

degradation in HMC-1 cells 

The expression of inflammatory cytokines was regulated by the 

transcription factor, NF-κB (Song et al., 2012). Therefore, we 

examined the effect of BT on PMACI-induced NF-κB 

activation. In the nuclear, the increased NF-κB level by PMACI 

was reduced by the treatment with BT (Fig. 4). To examine 

whether the inhibitory action of BT was due to its effects on 

IκB degradation, we investigated the cytoplasmic levels of 

IκBα protein with a Western blot analysis. The degradation of 

IκBα in the cytoplasm was inhibited by the treatment with BT 

(Fig. 4).  

 

Inhibitory effect of BT on caspase-1 activation in HMC-1 

cells 

 
Fig. 2. Effect of BT in inflammatory cytokine mRNA expression. The 

cells were pretreated with various concentrations of BT (1, 10, and 100 
μg/ml) for 2 h prior to PMACI stimulation for 6 h. The total RNA was 

assayed by an RT-PCR analysis. Results are representative of three 

independent experiments. PMACI, PMA plus A23187; BT, 
BaekJeol-Tang 

 

 
Fig. 3. Effect of BT on MAPKs phosphorylation in HMC-1 cells. The 

cells were pretreated with of BT (1, 10, and 100 μg/ml) for 2 h prior to 

PMACI stimulation for 2 h. The phosphorylated MAPKs levels were 
assayed by Western blot analysis. Results are representative of three 

independent experiments. PMACI, PMA plus A23187; BT, 

BaekJeol-Tang. 

 
Fig. 4. Effect of BT on NF-κB activation and IκBα degradation in 
HMC-1 cells. The cells were pretreated with of BT (1, 10, and 100 

μg/ml) for 2 h prior to PMACI stimulation for 2 h. Nuclear protein and 

cytoplasmic protein were prepared and analyzed for NF-κB and IκBα 
by Western blotting as described in the experimental procedures. 

Results are representative of three independent experiments. PMACI, 

PMA plus A23187; BT, BaekJeol-Tang.  
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Caspase-1 plays a central role in developing pro-inflammatory 

cytokines (Jeong et al., 2010). To evaluate the regulatory effect 

of BT on the caspase-1 activation induced by PMACI, we 

measured the caspase-1 activity using a caspase-1 assay kit. 

Caspase-1 activity was significantly decreased with BT 

treatment (Fig. 5A). Western blot analysis for active caspase-1 

was also performed. Once again, caspase-1 activation was 

significantly decreased with BT treatment (Fig. 5B, p < 0.05).  

 

 

DISCUSSION  
 

Mast cells play a role in the pathogenesis of arthritic diseases 

and infiltrate into synovium in patients with RA and OA. 

Tryptase, histamine, and inflammatory cytokines released from 

mast cells increase the inflammatory process and destroy the 

joint via stimulation of various cell types including T-cells, B 

cells, and macrophages (Nakano et al., 2007; Suurmond et al., 

2011). The levels of cytokines in the synovial fluid of patients 

with OA are in some cases as high as in patients with RA, and  

inflammatory and destructive responses have been described in 

OA and RA cartilage (Bondeson et al. 2010; Simopoulou et al. 

2010; Sverdrup et al. 2010). IL-17 expression by mast cells 

leading to inflammation, breakdown cartilage, and bone erosion 

via the production of other inflammatory factors such as IL-1, 

IL-6, TNF-α, and matrix metalloproteinases (Suurmond et al., 

2011). TSLP levels were increased in synovial fluid of derived 

from patients with arthritis. IL-32-induced TSLP induced the 

macrophage differentiation (Jeong et al., 2012). In addition, 

TSLP expression in RA- and OA-derived synovial fibroblasts 

was up-regulated by TNF-α. The anti-TSLP neutralizing 

antibody ameliorated a TNF-α-dependent experimental arthritis 

induced by anti-type II collagen antibody in mice (Koyama et 

al., 2007). IL-8 is produced in arthritic joints by activated 

synovial cells and infiltrating macrophages and considered to 

be potent catabolic factors in arthritic joints (Rasheed et al., 

2011). In arthritic joints, IL-8 induces a massive accumulation 

of neutrophils, which produce neutrophil elastase, leading to 

cartilage destruction (Matsukawa et al., 1995). These 

inflammatory cytokine expressions are dependent on MAPKs 

and NF-κB signal transduction. Activated NF-κB regulates the 

expression of many cytokines and chemokines, adhesion 

molecules, inflammatory mediators, and several matrix 

degrading enzymes (Marcu et al., 2010; Jeong et al., 2010). 

NF-B activation was mediated by caspase-1 activation 

(Lamkanfi et al., 2006). Caspase recruitment domain (CARD) 

of procaspase-1 can mediate NF-κB activation by 

receptor-interacting protein-2 through a CARD-CARD 

interaction (Kersse et al., 2011). BT has been used to treat 

inflammatory diseases, especially arthritis in traditional Korean 

medicine. Thus, we examined the effect of BT on the 

productions of inflammatory cytokines in mast cells. BT 

inhibited the production of inflammatory cytokines and 

activation of MAPKs, NF-κB, and caspase-1 in activated mast 

cells. Therefore, we suggested that these anti-inflammatory 

effects by BT were dependent on the regulation of 

MAPKs/NF-κB/caspase-1 signaling pathways. 

In conclusion, these reports imply that BT reduced the 

inflammatory cytokine expression through the blockade of 

signaling cascade of the MAPKs, NF-κB, and caspase-1 

activation in mast cells. For that reason, we suggest that BT 

may be an effective therapeutic agent for RA and OA 

treatment. 

Taken together, we think that traditional Korean medicine 

can develop when it is studied on the basis of traditional 

Korean medicine theory. Herbs used in Korean medicine have 

their own identities and it is difficult to explain their natures in 

terms of its constituent compounds. Their effects must be 

considered after total and final reaction when administrated to 

humans. We hope this report can contribute to the development 

of current Korean medicine in substantial ways. 
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