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This study was conducted to examine the cellular regulatory mechanisms of sulfasalazine (SSZ) in rabbit

articular chondrocytes treated with sodium nitroprusside (SNP). Cell phenotype was determined, and the

MTT assay, Western blot analysis and immunofluorescence staining of type II collagen was performed in

control, SNP-treated and SNP plus SSZ (50~200 µg/mL) rabbit articular chondrocytes. Cellular prolifera-

tion was decreased significantly in the SNP-treated group compared with that in the control (p < 0.01).

SSZ treatment clearly increased the SNP-reduced proliferation levels in a concentration-dependent man-

ner (p < 0.01). SNP treatment induced significant dedifferentiation and inflammation compared with con-

trol chondrocytes (p < 0.01). Type II collagen expression levels increased in a concentration-dependent

manner in response to SSZ treatment but were unaltered in SNP-treated chondrocytes (p < 0.05 and

< 0.01, respectively). Cylooxygenase-2 (COX-2) expression increased in a concentration-dependent man-

ner in response to SSZ treatment but was unaltered in SNP-treated chondrocytes (p < 0.05). Immunofluo-

rescence staining showed that SSZ treatment increased type II collagen expression compared with that in

SNP-treated chondrocytes. Furthermore, phosphorylated extracellular regulated kinase (pERK) expres-

sion levels were decreased significantly in the SNP-treated group compared with those in control chondro-

cytes (p < 0.01). Expression levels of pERK increased in a concentration-dependent manner by SSZ but

were unaltered in SNP-treated chondrocytes. pp38 kinase expression levels increased in a concentration-

dependent manner by SSZ but were unaltered in control chondrocytes (p < 0.01). In summary, SSZ signifi-

cantly inhibited nitric oxide-induced cell death and dedifferentiation, and regulated extracellular regulated

kinases 1 and 2 and p38 kinase in rabbit articular chondrocytes.

Key words: Chondrocyte, Sulfasalazine, Nitric oxide, Apoptosis, Differentiation

INTRODUCTION

Rheumatoid arthritis (RA) is one of the most common

forms of autoimmune disease and is an inflammatory dis-

ease of the joint with an unknown cause. This disease can

occur at any age (1-5). RA is distinguished by chronic

inflammation of multiple joints with associated systemic

symptoms, such as weakness. Inflammation induces joint

pain, stiffness, and swelling, causing loss of joint function

due to destruction of cartilage and bone, often leading to

progressive disability (6-11). Patients with RA also have an

increased risk of developing other systemic complications

such as osteoporosis, anemia, and other disorders affecting

the lungs and skin. The main characteristic of the disease is

inflammation of the joint synovial tissues. The synovium is

present as a thin, specialized tissue that is responsible for

producing fluid (1,12-15). The synovium becomes swollen

in patients with RA and many inflammatory cells appear.

Inflammation of the joints causes a release of enzymes from

the inflammatory cells that are attracted to the synovial tis-

sue (16-18). These enzymes destroy the synovial tissue and

can continue into bone, damaging the joint so that it is

unable to perform its basic function.

Arthritis is a chronic health problem. However, the molec-
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ular mechanism of cartilage degeneration is largely unknown

(5,19,20). The aim of this study was to understand the basic

molecular mechanism of cartilage degeneration, which is

important for therapy in patients with degenerative carti-

lage disease.

One of the main mechanisms by which cytokines elicit

their effects on cartilage involves stimulation of nitric oxide

(NO) production via stimulation by inducible NO synthase

(21,22). Although NO-induced cartilage destruction is caused

by various factors, increased apoptotic cell death (23-25)

and loss of the differentiated phenotype of articular chon-

drocytes (26,27) appear to be important contributors. Our

previous results showed that direct production of NO in

primary cultured articular chondrocytes by the NO donor

sodium nitroprusside (SNP) leads to apoptosis, dedifferenti-

ation, and cyclooxygenase-2 (COX-2) expression via a com-

plex protein kinase signaling cascade involving mitogen-

activated protein kinase (MAPK) (28-30).

Sulfasalazine (SSZ) is an antiinflammatory agent widely

used in humans to treat inflammatory bowel diseases such as

ulcerative colitis and Crohn’s disease (31,32). SSZ is also

used to treat patients with RA (33,34). SSZ is metabolized to

sulfapyridine and 5'-aminosalicylic acid by bacteria in the

lower intestinal tract (35,36). Of the two major metabolites,

sulfapyridine is relatively well-absorbed from the intestine

and further metabolized by N-acetylation, whereas 5'-amino-

salicylic acid is not absorbed as well (35,36). In humans, the

absolute bioavailability of orally administered SSZ is < 15%

(37-39). This lower bioavailability has been largely attributed

to limited solubility and poor permeability (40).

The purpose of this study was to examine the RA cellular

regulatory mechanisms via SSZ in rabbit articular chondro-

cytes. Other studies have provided cell signaling information

by identifying the cellular control mechanisms. Therefore,

we identified the regulatory mechanisms of differentiation

and inflammation by SSZ in rabbit articular chondrocytes.

MATERIALS AND METHODS

Primary chondrocyte culture. Rabbit articular chon-

drocytes were isolated from cartilage slices of 2-week-old

New Zealand white rabbits by enzymatic digestion, as

described previously (41). The cartilage slices were dissoci-

ated enzymatically for 6 hr in 0.2% collagenase type II

(381 U/mg solid; Sigma, St. Louis, MO, USA) in Dul-

becco’s Modified Eagle’s Medium (DMEM) (Gibco-BRL,

Gaithersburg, MD, USA). Individual cells were suspended

in DMEM supplemented with 10% (v/v) fetal bovine calf

serum, 50 g/mL streptomycin, and 50 units/mL penicillin.

Cells were plated onto culture dishes at a density of 5 × 104 /

cm2. The medium was changed every 2 days after seeding, and

cells reached confluence in approximately 5 days. This study

was approved by the animal ethics committee of Kongju

National University according to the Animal Protection Act.

Cell proliferation assay. The MTT assay was used to

quantify the proliferation of cells treated with SSZ and SNP.

Cells were seeded onto 96-well plates at a density of 2 × 104 /

well for 24 hr and then treated with SSZ or SNP plus SSZ.

A 10 µL aliquot of MTT reagent 1 was added to each well.

The plate was incubated for 4 hr at 37oC until purple for-

mazan crystals developed. Then, 100 µL of MTT reagent 2

was added to each well. After an overnight incubation, the

absorbance was read at 600 nm with a spectrophotometer in

four wells per treatment group.

Western blot analysis. Whole cell lysates were pre-

pared by extracting proteins using a buffer containing

50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1% Nonidet P-40,

and 0.1% sodium dodecyl sulfate (SDS), supplemented

with protease inhibitors (10 g/mL leupeptin, 10 g/mL pep-

statin A, 10 g/mL aprotinin, 1 mM 4-[2-aminoethyl] ben-

zenesulfonyl fluoride, and 1 mM NaF and 1 mM Na3VO4 as

phosphatase inhibitors). The proteins were size-fractionated

by SDS-polyacrylamide gel electrophoresis (PAGE) and

transferred to a nitrocellulose membrane. The membrane

was blocked with 3% non-fat dry milk in Tris-buffered

saline. The following antibodies were used: COX-2 (Cay-

man Chemical, Ann Arbor, MI, USA) and type II collagen

(Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA).

Western blots were developed using a peroxidase-conju-

gated secondary antibody and a chemiluminescence system.

Immunofluorescence staining. Expression and distri-

bution of type II collagen in rabbit articular chondrocytes

were determined by indirect immunofluorescence micros-

copy, as described previously (42). Briefly, chondrocytes

were fixed with 3.5% paraformaldehyde in phosphate-buff-

ered saline (PBS) for 10 min at room temperature. The cells

were permeated and blocked with 0.1% Triton X-100 and

5% fetal calf serum in PBS for 30 min. The fixed cells were

washed and incubated for 1 hr with an antibody (10 g/mL)

against type II collagen. The cells were washed, incubated

with rhodamine- or fluorescein-conjugated secondary anti-

bodies for 30 min, and observed under a fluorescence micro-

scope.

Statistical analysis. Statistical analyses were performed

using GraphPad Prism 6 (GraphPad Software, La Jolla, CA,

USA). All data were analyzed using Student’s t-test and are

expressed as the mean ± standard deviation. P-values < 0.05

were considered significant.

RESULTS

NO induces apoptosis and dedifferentiation of rabbit
articular chondrocytes. NO mediates the regulation and

survival of the chondrocyte phenotype by inducing apopto-

sis and differentiation. To assess the anti-apoptotic effect of
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Fig. 1. Effects of sulfasalazine (SSZ) on the morphological change and proliferation in chondrocyte cells. Rabbit articular chondro-
cytes untreated (control) or treated with 298μg/mL SNP and 50~200μg/mL of SSZ plus 298μg/mL of SNP at 24 hr. (A) The apoptotic
cells death was determined by phase-contrast microscope (magnification, 200×). (B) Primary chondrocytes apoptosis were determined
by MTT assay. **Significantly different compared from control; ##Significantly different compared from SNP treatment (p < 0.01); Values
were presented as the mean ± SD.

Fig. 2. Effects of sulfasalazine (SSZ) on SNP-induced dedifferentiation and inflammation in chondrocyte cells. (A) Rabbit articular chon-
drocytes treated 298μg/mL of SNP and 50~200μg/mL of SSZ plus SNP at 24 hr and subjects to western blot analysis with antibodies
type II collagen, COX-2 and glyceraldehyde 3-phosphate dehydrogenase (GAPDH). (B, C) It was determined that the protein levels of
type II collagen and COX-2 were subsequently quantified by densitometry analysis. Expression of GAPDH was used as loading control.
The data represented a typical experiment, whereby similar results obtained from three. *, **Significantly different compared from con-
trol (p < 0.05 and p < 0.01, respectively); #, ##Significantly different compared from SNP treatment (p < 0.05 and p < 0.01, respectively);
Values were presented as the mean ± SD.
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SSZ in NO-induced apoptotic cells, various doses (50~200

µg/mL) of SSZ and 298 µg/mL SNP were used. Cell mor-

phology, observed by phase-contrast microscopy, showed

that NO-induced apoptosis was inhibited by SSZ (Fig. 1A).

To investigate the role of SSZ in chondrocyte proliferation,

cells were treated with SSZ and proliferation measured using

the MTT assay. The level of cell proliferation decreased

significantly in response to SNP treatment as compared

with that in the control (p < 0.01). And SSZ treatment sig-

nificantly increased SNP-reduced proliferation levels in a

concentration-dependent manner (p < 0.01) (Fig. 1B).

Fig. 3. Expression of type II collagen in chondrocyte by immunofluorescence staining. Rabbit articular chondrocytes untreated (con-
trol) or treated 298μg/mL of SNP and 200μg/mL of sulfasalazine (SSZ) plus SNP at 24 hr. Expression of type II collagen (green) and
DAPI (blue) identify by immunofluorescence microscopy (200×).

Fig. 4. Expression of pERK and pp38 kinase protein in chondrocyte cell by western blot analyses. (A) Rabbit articular chondrocytes
treated 298μg/mL of SNP and 50~200 μg/mL of sulfasalazine (SSZ) plus SNP at 24 hr and subjects to western blot analysis with anti-
bodies pERK, pp38 kinase and glyceraldehyde 3-phosphate dehydrogenase (GAPDH). (B, C) It was determined that the protein levels
of pERK and pp38 kinase were subsequently quantified by densitometry analysis. Expression of GAPDH was used as loading control.
The data represented a typical experiment, whereby similar results obtained from three. *, **Significantly different compared from con-
trol (p < 0.05 and p < 0.01, respectively); #, ##Significantly different compared from SNP treatment (p < 0.05 and p < 0.01, respectively);
Values were presented as the mean ± SD.

Sulfasalazine causes differentiation in rabbit articu-
lar chondrocytes. Different SSZ concentrations regu-

lated type II collagen and COX-2 expression, as determined

by Western blot analysis of rabbit articular chondrocytes

(Fig. 2A). Dedifferentiation and inflammation were signifi-

cantly induced by SNP treatment compared with control

chondrocytes (p < 0.01). And the expression levels of type

II collagen increased in a concentration-dependent manner

in response to SSZ treatment but were unaltered in SNP-

treated chondrocytes (p < 0.05 and < 0.01, respectively)

(Fig. 2B). COX-2 expression levels increased in a concen-
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tration-dependent manner in response to SSZ but were unal-

tered in SNP-treated chondrocytes (p < 0.05) (Fig. 2C).

Immunofluorescence staining showed that SSZ increased

type II collagen expression compared with SNP-treated

chondrocytes (Fig. 3). Taken together, these results indicate

that the SSZ-induced increase in type II collagen and

decrease in COX-2 expression were sufficient to induce dif-

ferentiation of articular chondrocytes.

Sulfasalazine stimulates extracellular regulated kinases
1 and 2 (ERK-1/-2) and p38 kinase in chondrocytes.
pERK and pp38 kinase expression levels changed in

response to SSZ, as determined by Western blot analysis of

rabbit articular chondrocytes (Fig. 4A). Expression levels of

pERK decreased significantly by SNP compared with con-

trol chondrocytes (p < 0.01). And pERK expression levels

increased in a concentration-dependent manner in response

to SSZ but were unaltered in SNP-treated chondrocytes

(Fig. 4B). Furthermore, pp38 kinase expression levels increased

in a concentration-dependent manner in response to SSZ

treatment but were unaltered in control chondrocytes (p <

0.01) (Fig. 4C).

DISCUSSION

Articular cartilage is a major component of the joint, and

its mechanical properties depend on the integrity of the

extracellular matrix, which is composed mainly of proteo-

glycans and collagens (43). Differentiated chondrocytes

lose their phenotype and transform into fibroblast-like cells

upon exposure to soluble factors such as interleukin-1 (44),

and NO (29), or during serial subculture in vitro (45). Such

destruction of homeostasis is believed to be involved in the

pathophysiology of arthritis, RA, and osteoarthritis (OA)

(46,47). Several inflammatory mediators, including NO,

have been implicated in the disease processes of RA and OA.

NO is produced by cytokine-stimulated chondrocytes in

arthritis-affected cartilage via induction of COX-2 expres-

sion (48).

In this study, we demonstrated that SSZ caused a differ-

entiated chondrocyte phenotype, as demonstrated by type II

collagen expression in rabbit articular chondrocytes after

24 hr. Type II collagen is a well-known chondrocyte differ-

entiation marker. SSZ treatment increased type II collagen

expression in rabbit articular chondrocytes. These results

suggest that SSZ induces differentiation in rabbit articular

chondrocytes.

NO mediates the regulation and survival of the chondro-

cyte phenotype by inducing dedifferentiation, apoptosis,

and inflammation. Apoptosis of chondrocytes is caused by

direct production of NO, and SNP is regulated by the oppo-

site functions of the two MAPK subtypes ERK-1/-2 and

p38 kinase in association with apoptosis status and increased

differentiation (28-30). SNP treatment activated both ERK-

1/-2 and p38 kinase in chondrocytes. Activated ERK-1/2

acts as an inhibitory signal for NO-induced apoptosis, whereas

p38 kinase functions as a signal to maintain the differenti-

ated status and as a signal to induce apoptosis in chondro-

cytes. In addition, a previous study showed that NO production

in rabbit articular chondrocytes inhibited cell survival sig-

naling (49).

In summary, SSZ treatment significantly inhibited NO-

induced cell death, dedifferentiation, and inflammation, and

regulated ERK-1/2 and p38 kinase in rabbit articular chon-

drocytes.
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