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Abstract. Gallotannin (GT) is a type of tannic acid, derived 
from plant polyphenols, that is an agonist of plant defense 
mechanisms. Tannins have two types of structure; condensed 
tannins are a polymer of flavonoid units, while hydrolysable 
tannins are carbohydrates. GT is used in medical agents for 
its anti‑viral, anti‑bacterial and anti‑parasitic effects. The 
present study investigated the effects of GT on differentiation 
and inflammation in rabbit articular chondrocytes. GT caused 
differentiation and inflammatory responses in the rabbit 
articular chondrocytes. GT treatment induced the expression 
of type Ⅱ collagen and sulfated proteoglycan, as determined 
by western blot analysis and alcian blue staining, respectively, 
in a dose- and time-dependent manner. Additionally, treatment 
with GT increased the expression of cyclooxygenase-2 (COX-2) 
and the production of prostaglandin E2 (PGE2), as determined 
by western blot analysis and PGE2 assay. GT was confirmed to 
cause phosphorylation of ERK‑1/‑2 and p38 kinase. Inhibition 
of pERK with PD98059 promoted GT‑induced type Ⅱ collagen 
expression. However, the inhibition of p38 with SB203580 
suppressed GT-induced COX-2 expression and PGE2 produc-
tion. In summary, the results demonstrated that GT-induced 
ERK-1/-2 and p38 kinase have opposite effects on differentia-
tion and inflammation in rabbit articular chondrocytes.

Introduction

Chondrocytes in cartilage are differentiated from mesenchymal 
cells during embryonic development (1,2). They are the only 
cell type located in normal mature cartilage and they function 
to maintain extracellular matrix (ECM) integrity by synthe-
sizing cartilage‑specific ECM in sufficient quantities. This 
homeostasis is destroyed in degenerative diseases, including 

osteoarthritis (OA) and rheumatoid arthritis (RA) (3). The 
biochemical and structural changes in chondrocytes and carti-
lage that characterize arthritis include the degradation of the 
cartilage matrix and insufficient ECM synthesis due to a loss of 
chondrocyte phenotype. OA is the most common form of joint 
disease that evolves from a local inflammatory disease into a 
chronic process with a variable degree of degeneration of the 
articular cartilage and inflammation. This ultimately exposes 
the underlying bone and results in pain and disability (4). The 
second type of arthritis, RA, is a destructive and inflammatory, 
polyarticular joint disease, with an etiology that remains to be 
clarified. RA is characterized massive synovial proliferation 
and subintimal infiltration of the inflammatory cells followed 
by the destruction of cartilage and bone (5). 

Tannins are water‑soluble polyphenols that are widely 
distributed in the plant kingdom, including in food grains and 
fruits (6). Based on their structural characteristics, tannins 
may be separated into four major groups: gallotannins (GTs), 
ellagitannins, complex tannins and condensed tannins. These 
tannins are thought to have notable biological and pharmaco-
logical activities (7,8). The hydrolysable tannin, gallotannin, is 
a compound of the polygalloyl esters of glucose. Gallotannin is 
a type of tannic acid derived from plant polyphenols. Tannins 
have two types of structure; condensed tannins are a polymer 
of flavonoid units, while hydrolysable tannins are carbohy-
drates. The hydroxyl groups of the carbohydrate are partially 
or completely esterified with phenolic groups, including gallic 
acid. Hydrolysable tannins are hydrolyzed by weak acids or 
weak bases to produce carbohydrates and phenolic acids. 
These hydrolysable tannins are used in medical agents for 
their useful properties, including their anti‑viral, anti‑bacterial 
and anti‑parasitic effects. GTs have been shown to exhibit 
diverse biological abilities, ranging from anti‑inflammation to 
anti-oxidant effects (9,10).

Cyclooxygenases (COXs) are known to exist in two 
isoforms, COX-1 and COX-2. In addition, the two COX 
isoforms were identified with a similar sequence (11). COX‑1 
is a constitutive enzyme located in the majority of mammalian 
cells (12). COX‑2, however, is undetectable in the majority 
of normal tissues (13). COX‑2 is an inducible enzyme that 
becomes abundant in activated macrophages and other cells at 
sites of inflammation as a result of various stimuli, including 
cytokines. Expression of COX-2 was demonstrated to increase 
prostaglandin E2 (PGE2) production (14,15) and induce various 
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inflammatory reactions (16). Mice that lack COX‑2, but 
possess COX‑1 expression, exhibit reduced bone resorption 
in response to parathyroid hormone (PTH) or 1, 25-hydroxyl 
vitamin D3 (17). COX‑2 may also have a role in bone forma-
tion as local or systemic injections of PGE2 stimulate bone 
formation (18,19). COX-2 mediates the increase in lamellar 
bone formation that occurs as a response to mechanical 
strain (20,21).

The mitogen-activated protein kinase (MAPK) cascades 
make up one of the major signaling systems by which cells 
transduce and integrate diverse intracellular signals. MAPKs 
are serine/threonine kinases that regulate a variety of 
processes, including cell growth, proliferation, apoptosis and 
extracellular matrix accumulation. The three MAPK subfami-
lies consist of extracellular signal-regulated kinases (ERKs), 
p38 kinases and c-Jun NH2-terminal kinases (JNKs) (22). 
Previous studies in articular chondrocytes indicated that NO 
caused apoptosis and dedifferentiation, which were mediated 
by the MAPK subtypes, ERK and p38 kinase (23). These MAP 
kinases play opposing roles; activated ERK-1/-2 induces dedif-
ferentiation, COX-2 expression and NO-induced apoptosis 
inhibition, whereas p38 kinase signaling triggers apoptosis, 
COX‑2 expression and maintains the differentiated states (24).

In the present study, ERK-1/-2 and p38 kinase are 
demonstrated to regulate GT-induced differentiation and 
inflammation of chondrocytes, respectively.

Materials and methods

Cell culture. Rabbit articular chondrocytes were isolated from 
cartilage slices obtained from 2‑week‑old New Zealand white 
rabbits using enzymatic digestion, as described previously (25). 
The cartilage slices were dissociated enzymatically for 6 h 
in 0.2% collagenase type II (381 U/mg solid; Sigma Aldrich, 
Louis, MO, USA), in Dulbecco'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 U/ml 
penicillin, after which they were plated on culture dishes at a 
density of 5x104 cells/cm2. The medium was changed every 
2 days following seeding and the cells reached confluence in 
~5 days. At 3.5 days the cell cultures were treated with GT 
purchased from Sigma Aldrich and a stock solution (MW: 
1701.23 mM) in DMSO was prepared and stored at 4˚C. The 
following pharmacological agents were added 1 h prior to the 
GT: SB203580 (Calbiochem, San Diego, CA, USA) to inhibit the 
p38 kinase and PD98059 (Calbiochem) to inhibit the MEK‑1/‑2. 
The treated cells, which were cultured in complete medium 
for 24 h, were used for further analysis, as indicated in each 
experiment. The study was approved by the ethics committee of 
Kongju National University, Gongju, Republic of Korea.

Western blot analysis. Whole cell lysates were prepared by 
extracting proteins, using a buffer containing 50 mM Tris‑HCl, 
150 mM NaCl, 1% Nonidet P‑40 and 0.1% sodium dodecylsul-
fate (SDS) at pH 7.4, supplemented with protease inhibitors 
[10 g/ml leupeptin, 10 g/ml pepstatin A, 10 g/ml aprotinin 
and 1 mM of 4‑(2‑aminoethyl)‑benzenesulfonyl fluoride] and 
phosphatase inhibitors (1 mM NaF and 1 mM Na3VO4). The 
proteins were size‑fractionated by SDS‑polyacrylamide gel 

electrophoresis and transferred to a nitrocellulose membrane. 
The nitrocellulose sheet was then blocked with 3% skimmed 
dry milk in Tris‑buffered saline. The following antibodies 
were used: anti‑COX‑2 (Cayman Chemical, Ann Arbor, MI, 
USA), pp38 (Cell Signaling, Beverly, MA, USA), pERK, 
ERK‑2 and p38 (Santa Cruz Biotechnology Inc., Santa Cruz, 
CA, USA) and type II collagen (Chemicon, Temecula, CA, 
USA). The western blot samples were developed using a 
peroxidase‑conjugated secondary antibody on a chemilumi-
nescence system.

Alcian blue staining assay. The cells were fixed with 95% 
methanol at -20˚C for 2 min and stained with 0.1% alcian blue 
in 0.1 M HCl overnight. The chondrocytes were washed three 
times with PBS buffer and 6 M guanidine HCl was added 
for 6 h. The production level of sulfated proteoglycan was 
measured at 620 nm by enzyme‑linked immunosorbent assay 
(ELISA).

PGE2 assay. PGE2 production was determined by measuring 
the levels of cellular and secreted PGE2 using an assay kit 
(Amersham Pharmacia Biotech, Piscataway, NJ, USA). Briefly, 
chondrocytes were seeded in standard 96-well microtiter plates 
at 2x104 cells/well. Following addition of the indicated phar-
macological reagents, the supernatant was used to quantify the 
amount of PGE2, according to the manufacturer's protocol. 
The PGE2 levels were calculated using a PGE2 standard curve.

Immunohistochemistry. Rabbit joint cartilage explants were 
fixed in 4% paraformaldehyde in PBS for 24 h at 4˚C, washed 
with PBS, dehydrated in ethanol, embedded in paraffin and 
sliced into 4‑µm sections, as described previously (26). The 
sections were stained by standard procedures, using antibodies 
against type II collagen and COX‑2, then alcian blue staining 
followed by visualization by development with a kit purchased 
from Dako (Carpinteria, CA, USA), following the manufac-
turer's instructions.

Immunofluorescence staining. Expression and distribution of 
type II collagen and COX‑2 in rabbit articular chondrocytes 
were determined by indirect immunofluorescence microscopy, 
as described previously (26). Briefly, chondrocytes were fixed 
with 3.5% paraformaldehyde in PBS for 10 min at room 
temperature. The cells were permeabilized 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 h with anti-
bodies (10 g/ml) against type II collagen and COX‑2. The cells 
were washed, incubated with rhodamine‑ or fluorescein‑conju-
gated secondary antibodies for 30 min and observed under a 
fluorescence microscope.

Reverse transcription (RT)‑PCR. Primary cultured chondro-
cytes were treated with GT. Total RNA was isolated from the 
cells and reverse transcribed with a Maxime RT‑PCR PreMix 
kit (Intron Biotechnology, Seoul, Korea). The following 
primers (based on the sequences of the rabbit type II collagen 
and COX-2) and conditions were used for the PCR: Type II 
collagen (370‑bp product, annealing temperature 45˚C, 
30 cycles) sense, 5'‑GAC CCC ATG CAG TAC ATG CG‑3' and 
antisense, 5'‑AGC CGC CAT TGA TGG TCT CC‑3'; COX‑2 
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(282 bp product, annealing temperature 45˚C, 30 cycles) sense, 
5'‑TCA GCC ACG CAG CAA ATC CT‑3' and antisense, 
5'‑AGC CGC CAT TGA TGG TCT CC‑3'. GAPDH was 
amplified for control and normalization purposes using the 
following primers and conditions: (299‑bp product, annealing 
temperature 45˚C, 30 cycle) sense, 5'‑TCA CCA TCT TCC 
AGG AGC GA‑3' and antisense, 5'‑CAC AAT GCC GAA 
GTG GTC GT‑3'.

Data analysis and statistics. All results were expressed as the 
mean ± SE, calculated from the specified number of deter-
minations. A Student's t‑test was used to compare individual 
treatments with their respective control values. P<0.05 was 
considered to indicate a statistically significant difference.

Results

GT induces differentiation in rabbit articular chondrocytes. 
GT has known biological properties, including anti‑cancer, 
anti‑inflammation and anti‑oxidant effects (27,28). First, the 
effects of GT on differentiation in articular chondrocytes 
were examined. Various concentrations of the GT treat-
ment (10-150 µM) increased type Ⅱ collagen expression and 
activation of ERK-1/-2 and p38 kinase in a dose-dependent 
manner, as determined by western blotting (Fig. 1A). When 
cells were treated with 100 µM GT, type II collagen expression 
was increased in a time-dependent manner, while ERK-1/-2 
phosphorylation was transiently increased, as determined by 
the phosphorylation status of the protein (Fig. 1B). Levels 
of ERK‑1/‑2 phosphorylation began to increase at 10 min, 
reached peak levels at 1 h and 24 h and decreased thereafter. 
Phosphorylation of p38 was increased in a time-dependent 

manner (Fig. 1B). As expected, transcription levels of 
type II collagen were increased, as determined by RT‑PCR 
(Fig. 1C). Consistent with the expression pattern of type II 
collagen, GT treatment led to a dose-dependent decrease in 
the accumulation of sulfated proteoglycan (Fig. 1D). Overall, 
GT significantly increased the expression of type II collagen 
and the phosphorylation of ERK-1/-2 and p38 kinase in the 
chondrocytes, in a dose- and time- dependent manner.

GT causes inflammation in chondrocytes. Previous studies 
showed that expression of COX-2 increased PGE2 (15) and 
that PGE2 induced various inflammation reactions (16). In the 
present study, chondrocytes were treated with varying concen-
trations of GT (Fig. 2A) or with 100 µM GT for the indicated 
period (Fig. 2B). As shown in Fig. 2A and B, GT caused 
COX-2 expression in a dose- and time-dependent manner, 
as determined by western blotting. Transcription levels of 
COX‑2 were increased with the 100 µM GT treatment, as 
determined by RT‑PCR (Fig. 2C). As expected, similar results 
were observed when PGE2 production was quantified by PGE2 
assay (Fig. 2D). GT exhibited production of PGE2 that was 
~5.6-, 6.3-, 10.2- and 16.7-fold more than the control in the 
rabbit articular chondrocytes. These results demonstrated that 
GT caused inflammation of articular chondrocytes in primary 
cultured cells.

GT regulates differentiation and inflammation via the ERK‑1/‑2 
and p38 kinase pathways in rabbit articular chondrocytes. The 
present study examined the possible modulation of GT-induced 
activation of the MAP kinase subtypes ERK‑1/‑2 and p38 
kinase on GT-induced differentiation and inflammation. 
Inhibition of GT‑induced p38 kinase activation with 20 µM 

Figure 1. Gallotannin (GT) causes differentiation in rabbit articular chondrocytes. (A) Rabbit articular chondrocytes were treated with 10, 50, 100 or 150 µM 
GT for 24 h and subjected to western blot analysis with antibodies for type Ⅱ collagen, pERK, pp38 and actin. (B) Chondrocytes were treated with 100 µM 
GT for the indicated time periods. Western blot analysis of the expression of type Ⅱ collagen, pERK, pp38 and actin was performed. Expression of β-actin was 
used as a loading control. (C) Articular chondrocytes were treated with 100 µM GT for 24 h or left untreated. Expression of type Ⅱ collagen and GAPDH was 
detected by RT‑PCR. Expression of GAPDH was used as a loading control. (D) Rabbit articular chondrocytes were treated with 10, 50, 100 or 150 µM GT for 
24 h. Accumulation of sulgated proteoglycan was determined by alcian blue staining. The data represent a typical experiment, whereby similar results were 
obtained from three experiments. *p<0.05 and **p<0.001, compared with untreated cells. RT-PCR, reverse transcription PCR.
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Figure 2. GT increases COX-2 expression and PGE2 production in rabbit articular chondrocytes. (A) Rabbit articular chondrocytes were treated with 10, 50, 
100 or 150 µM GT for 12 h and subjected to western blot analysis with antibodies for COX‑2 and actin. (B) Chondrocytes were treated with 100 µM GT for 
the indicated time periods. Expression of COX‑2 was analyzed by western blot analysis. Expression of β-actin was used as a loading control. (C) Articular 
chondrocytes were treated with 100 µM GT for 12 h or left untreated. Expression of COX‑2 and GAPDH were detected by RT‑PCR. Expression of GAPDH 
was used as a loading control. (D) Chondrocytes were treated with 10, 50, 100 or 150 µM GT for 12 h. Production of PGE2 was determined by PGE2 assay. The 
data represent a typical result and average values, with standard deviations from independent experiments. *p<0.05 and **p<0.001 compared with untreated 
cells. GT, gallotannin; RT-PCR, reverse transcription PCR.

Figure 3. GT regulates type Ⅱ collagen expression via the ERK‑1/‑2 and p38 kinase pathways in rabbit articular chondrocytes. (A) Articular chondrocytes were 
treated with 100 µM GT, PD98059 (PD) or SB203580 (SD) for 24 h or left untreated. Expression of type Ⅱ collagen was analyzed by western blot analysis. 
Expression of β‑actin was used as a loading control. (B) Rabbit articular chondrocytes were treated with 100 µM GT, PD98059 or SB203580 for 24 h or left 
untreated. Accumulation of sulfated proteoglycan was determined by alcian blue staining. The data represent a typical experiment, whereby similar results 
were obtained from three experiments. *p<0.05 and **p<0.001 compared with untreated cells. GT, gallotannin.

Figure 4. GT regulates COX‑2 expression and PGE2 activation via the ERK‑1/‑2 and p38 kinase pathways in rabbit articular chondrocytes. (A) Articular 
chondrocytes were treated with 100 µM GT, PD98059 (PD) or SB203580 (SB) for 12 h or left untreated. Expression of COX‑2 was analyzed by western blot 
analysis. Expression of β‑actin was used as a loading control. (B) Rabbit articular chondrocytes were treated with 100 µM GT, PD98059 or SB203580 for 24 h 
or left untreated. Productions of PGE2 were determined by PGE2 assay. The data represent a typical experiment, whereby similar results were obtained from 
three experiments. *p<0.05 and **p<0.001 compared with untreated cells. GT, gallotannin.
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SB203580 reduced differentiation and inflammation, whereas 
inhibition of GT‑induced ERK‑1/‑2 with 20 µM PD98059 
resulted in the potentiation of differentiation and inflammation 
(Figs. 3A and 4A). Consistent with the expression patterns of 
type II collagen and COX‑2, inhibition of GT‑induced p38 
kinase activation led to a decrease in the accumulation of 
sulfated proteoglycan and PGE2 production, whereas inhibition 
of GT-induced ERK-1/-2 promoted the accumulation of sulfated 
proteoglycan and PGE2 production, as determined by alcian 
blue staining and PGE2 assays, respectively (Figs. 3B and 4B). 
Consistent with the western blot data, the immunostaining 
results also showed that inhibition of p38 kinase markedly 
blocked type II collagen and COX‑2 expression levels, whereas 
ERK‑1/‑2 inhibition caused a significant increase in type II 
collagen and COX-2 expression (Fig. 5). Similar results were 

observed when inhibition of GT caused ERK‑1/‑2 and when 
p38 kinase had the opposite effect on GT-induced differentia-
tion, as determined by immunohistochemical staining (Fig. 6). 
The results collectively indicate that GT-induced ERK-1/-2 and 
p38 kinase had opposite effects on differentiation and inflam-
mation in rabbit articular chondrocytes.

Discussion

GT is a type of tannic acid derived from plant polyphenols, that 
is usually an agonist of plant defense mechanisms. The tannin 
GT is used in medical agents for its anti‑viral, anti‑bacterial and 
anti‑parasitic properties (27‑29). GT has been shown to exhibit 
diverse biological effects, including the inhibition of chemo-
kine and inflammatory cytokine expression in A549 cells (30).

Figure 5. ERK‑1/‑2 and p38 kinase pathway regulate GT‑induced type Ⅱ collagen and COX‑2 expression in rabbit articular chondrocytes. Articular chon-
drocytes were treated with 100 µM GT, 20 µM PD98059 (PD) or 20 µM SB203580 (SB) for 24 h or left untreated. Expression of type Ⅱ collagen and COX‑2 
was identified by immunofluorescence microscopy (x400). The cell nuclei were observed by 4,6‑diamidino‑2‑phenylindole (DAPI) staining of the cell. GT, 
gallotannin.

Figure 6. GT causes differentiation and inflammation of articula chondrocytes via the ERK‑1/‑2 and p38 kinase pathway. Treatment of GT causes differentia-
tion and inflammation of the rabbit cartilage. Cartilage explants were treated with 100 µM GT, 20 µM PD98059 (PD) or 20 µM SB203580 (SB) for 24 h or left 
untreated. Type II collagen was detected by immunohistochemical staining (x200). Sulfated proteoglycan was detected by alcian blue staining (x200). The 
data represent the results of typical experiments conducted at least four times. GT, gallotannin.
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Generic cells develop into specific cell types by cell differ-
entiation as a response to specific triggers from the body or 
the cells themselves. This process allows multicellular adult 
organisms, containing hundreds of varying types of cells, to 
develop from a single-celled zygote. Cell differentiation also 
has roles in the functions of numerous organisms, particularly 
complex mammals, throughout their lives. A sequential process 
of differentiation is commonly known to show indications of 
chondrogenic differentiation within fibrous, mesenchymal 
tissue, marked by the onset of type II collagen. The next stage 
of the process is characterized by the appearance of transitory, 
fibrocartilaginous cells expressing collagen types II and III. 
Chondrocyte phenotypes are classically categorized, mainly 
by the subtyping of collagen gene expression. Thus, the 
expression of the alternative splice variant of type II collagen 
characterizes chondroprogenitor cells. Mature chondrocytes 
express the typical cartilage collagen types II, IX and XI, 
as well as aggrecan and link protein. Chick chondrocytes 
are able to undergo post‑hypertrophic differentiation into 
osteoblast‑like cells, expressing type I collagen. The present 
study has shown that GT significantly induced type II collagen 
expression in rabbit articular chondrocytes following 24 h 
of treatment in a dose‑dependent manner, as examined by 
western blot analysis and RT‑PCR assays. Type Ⅱ collagen is a 
known marker of differentiation in chondrocytes.

The metabolites of COX activity have long been suspected 
to be important in skeletal reparative processes. The admin-
istration of PGE2 has increased the rate of fracture healing in 
several animal models (31,32), indicating that the metabolites 
of COXs may be necessary for efficient bone healing. The 
effect that PGE2 has on chondrocytes is dependent on physi-
ological conditions, the microenvironment and the culture 
system (33,34). PGE2 exerts anabolic effects, including 
proteoglycan and type II collagen synthesis, as well as 
catabolic effects, including the enhancement of matrix degra-
dation (35-37). For example, PGE2 has been shown to promote 
chondrocyte differentiation and increase type II collagen 
expression in inflammation (19,21,34,37). In the results of our 
previous study, it was observed that the addition of exogenous 
PGE2 did not affect chondrocyte dedifferentiation (38). GT 
decreased nitric oxide (NO) production, through inhibition 
of nuclear factor (NF)-κB in macrophages (39). Generally, 
an increase in COX-2 expression and PGE2 products induces 
activation of NF-κB. However, the present study demonstrated 
that GT increased COX-2 expression and PGE2 production in 
articular chondrocytes (Fig. 2). These results suggested that 
GT induced the inflammation in the chondrocytes.

Mitogen-activated protein kinase (MAPK) cascades 
have been shown to play key roles in the transduction of 
extracellular signals to cell responses. The MAPK families 
that have been clearly characterized in mammalian cells are 
classical MAPK (also known as ERK), C-Jun N-terminal 
kinse/stress-activated protein kinase (JNK/SAPK) and 
p38 kinase (40). The MAPK pathways relay, amplify and 
integrate signals from a wide range of stimuli prior to elic-
iting an appropriate physiological response that may include 
cell proliferation, differentiation, development, inflammatory 
responses and apoptosis in mammalian cells (41). Cellular 
stresses, including UV irradiation, heat shock, high osmotic 
stress, lipopolysaccharide, protein synthesis inhibitors, 

proinflammatory cytokines and certain mitogens activate the 
p38 MAPK families. p38 MAPK appears to play a major role 
in apoptosis, differentiation, survival, proliferation, develop-
ment and inflammation. Previously it was reported that p38 
was involved in the differentiation processes of various 
vertebrate cells, including adipocytes, cardiomyocytes, 
chondroblasts, erythroblasts, myoblasts and neurons (42). 
The ERK family (p42/44 MAPK) is known to be an intra-
cellular checkpoint for cellular mitogenesis. In cultured cell 
lines, mitogenic stimulation by growth factors correlates with 
stimulation of p42/44 MAPK. When components of the ERK 
signaling pathway are interfered with using dominant negative 
mutants or antisense constructs for raf‑1 or ERK1, significant 
inhibition of cell proliferation is revealed. In another study, 
MAPKs have been shown to play opposing roles, with acti-
vated ERK-1/-2 inducing dedifferentiation, COX-2 expression 
and the inhibition of NO‑induced apoptosis, while p38 kinase 
signaling triggers apoptosis, COX-2 expression and maintains 
the differentiated states (24). In the present study, GT caused 
an increase in differentiation of the chondrocyte phenotype, as 
demonstrated by the increase in type II collagen expression and 
sulfated proteoglycan synthesis in a time- and dose-dependent 
manner. Moreover, GT induced COX-2 expression and PGE2 

production. Inhibition of ERK‑1/‑2 with PD98059 potentiated 
GT-induced type II collagen and COX-2 expression, whereas 
inhibition of p38 kinase with SB203580 decreased type II 
collagen and COX‑2 expression (Figs. 3 and 4). GT‑induced 
type Ⅱ collagen and COX‑2 expression and PGE2 production 
are modulated by ERK‑1/‑2 and p38 kinase signaling (43,44).

In summary, the data from the present study have demon-
strated that ERK-1/-2 and p38 kinase oppositely regulate 
GT‑induced differentiation and inflammation in rabbit 
articular chondrocytes.
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