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ABSTRACT 
Recent evidence suggests that the de -
gradation of cartilage in osteoarthritis
is characterized by chondrocyte apop -
tosis, but little is known about the mol -
ecular mechanisms involved or poten -
tial protective measures. In the present
study, we used an immortalized chon -
drocyte cell line to explore the mecha -
nisms of apoptotic ch o n d ro cyte cell
d e ath. We found that stauro s p o ri n e -
mediated chondrocyte death depended
on the concentration and time of incu -
bation, and coincided with increased
B a x : B cl-X mRNA ex p re s s i o n , cy t o -
ch rome C re l e a s e, and activation of
caspase-3. Pre - t re atment of the cul -
t u res with nimesulide, a pre fe re n t i a l
cyclooxygenase (COX)-2 inhibitor, or
with ibuprofen, a non-selective COX-1/
C OX-2 inhibitor, p rotected the ch o n -
d ro cytes against the stauro s p o ri n e -
m e d i ated nu clear damage and cell
d e ath in a concentrat i o n - d ep e n d e n t
manner (10-12 to 10-6 M). Cell protec -
tion coincided with inhibition of the
s t a u ro s p o ri n e - m e d i ated induction of
caspase-3 activation. Notably, the se -
lective COX-2 inhibitor NS-398 (10-6

M, 24 hr pre-treatment) did not protect
the cells against staurosporine-mediat -
ed apoptotic death. The data suggest
that nimesulide and ibuprofen, in addi -
tion to their anti-infl a m m at o ry and
analgesicbenefits,may alsohave a pro -
tective effect in osteoarthritis through
the inhibition of apoptosis in chondro -
cytes. 

Introduction
Disintegration of articular cartilage is
an early, i nva ri able fe at u re of osteo-
arthritis (OA), a primary cause of joint
dysfunction and disability (1). Indeed,
it is generally assumed that the primary
instigating event in the aetiology of OA
occurs in the cartilage. Elucidation of
the molecular mechanisms involved in
cartilage deterioration in OA may thus
provide insights into potential protec-

tive interventions. 
A ge - re l ated ch a n ges that have been
observed in human articular cartilage
include a reduction in tissue cellularity,
and ab n o rmal mat rix calcifi c ation. It
has been hypothesized that these chan-
ges increase susceptibility to OA. Re-
cent evidence indicates that apoptotic
mechanisms are involved in cartilage
degradation related to both age and OA
(2). For example, chondrocyte apopto-
sis may contribute to proteoglycan de-
pletion (3) and pathological matrix cal-
cification (4). 
In general, activation of apoptotic cell
d e ath invo l ves interactions betwe e n
p ro- and anti-apoptotic activities of
m e m b e rs of the BCL-2 gene fa m i ly,
e.g. the ratio of Bax:Bcl-X expression,
controlling the activation of caspases
and subsequent apoptotic cell death. In
particular, activation of caspase-3 has
been linked to the execution of apoptot-
ic cell death in various tissues, inclu-
ding cartilage (5, 6). There is evidence
that altered BCL-2 expression in chon-
drocytes may be responsible for pro-
gressive programmed cell death in OA
(6-8). Intere s t i n g ly, p ro s t aglandin E2
m ay be invo l ved in the induction of
chondrocyte apoptosis (9), suggesting a
p o s s i ble role for non-steroidal anti-
inflammatory drugs (NSAIDs) in chon-
droprotection. 
In the present study with an immortal-
ized chondrocytic cell line, we explor-
ed the mechanisms involved in stau-
rosporine-mediated apoptotic chondro-
cyte death, and the potential protective
role of NSAIDs commonly used to
treat both inflammatory and degenera-
tive arthropathies. The results indicate
t h at ch o n d ro cyte apoptosis invo l ve s
alterations of BCL-2 gene expression
and activation of caspase-3. Nimesu-
l i d e, a pre fe rential COX-2 inhibitor,
and ibu p ro fe n , a non-selective COX -
1/COX-2 inhibitor, blocked caspase-3
activation and apoptosis in the chon-
drocyte cultures, while surprisingly the
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selective COX-2 inhibitor NS-398 was
ineffective. These findings suggest that
the some NSAIDs may have chondro-
protective activity involving caspase-3
inhibition that is distinct from their
anti-inflammatory COX-2 inhibition.

Materials and methods
Chondrocyte cultures
The immortalized rat chondrogenic cell
line RCJ3.1C5.18 (gift of Dr. Ja n e
Aubin, University of Toronto, Toronto,
Canada) was maintained in - M E M
medium supplemented with 15% FBS,
50 g/ml penicillin-streptomycin solu-
t i o n , 10 mM - g ly c e ro p h o s p h at e, 5 0

g/ml ascorbic acid and 10-8 M dexa-
methasone at 37°C in a humidified at-
mosphere of 5% CO2 in air as previous-
ly described (10). Staurosporine (Sig-
ma) was solubilized as a 1 mM stock
solution in DMSO and stored at -20°C. 

Assessment of cytotoxicity
C h o n d ro cyte cell death was assessed
using the colorimetric assay with the
dye 3-(4,5-dimethy l t h i a zo l - 2 - y l ) - 2 , 5 -
dyphenyl tetrazolium bromide (MTT),
wh i ch pri m a ri ly assesses impairm e n t
of mitochondrial redox activities (11).
In parallel, the apoptotic cell damage
was confirmed by counting cells with
evident pyknotic condensed nuclei sur-
rounded by cytoplasmic eosinophilia,
as seen by haemat oxylin and eosin
(H&E) histochemistry in 8-10 random-
ly selected fields. Chondrogenic cul-
tures were plated at 10,000 cells per
well in 96-well plates for MTT assay or
at 50,000 cells per well in 8-chamber
slides for H&E quantification.

Bcl-2 gene family member: RNase pro-
tection assay and in situ hybridization
At each ap p ro p ri ate time, p ri m a ry
chondrocyte cultures in 35 mm dishes
were collected, and the total RNA was
extracted using the Ultraspec RNA iso-
lation system (Biotecx). Briefly, after
isopropanol precipitation of the RNA
as indicated in the Biotecx protocol, the
pellets were resuspended in a solution
of TE buffer (10 mM Tris pH 7.2 and 1
mM EDTA pH 8.0) containing 0.1%
SDS and an equal volume of 4M
NH4OAc. The RNA was then re-pre-
cipitated at -20°C with 2.5 volumes of

ethanol. Expression of Bcl-X, Bax was
a s s ayed using a RiboQuant™ Multi-
probe RNase Protection Assay (RPA)
system (Pharmingen). Briefly, the tem-
plate was transcribed in vitro with 32P-
UTP (and diluted to 3.0 x 105 cpm/ l).
Total RNA was then hybridized with
the probe set for 12-16 hr at 56°C, and
then a mixture of RNase A/T1 wa s
added to digest any unhybridized, sin-
gle-stranded RNA. The resulting pro-
tected fragments we re re s o l ved elec-
t ro p h o re t i c a l ly on 4.75% denat u ri n g

p o lya c rylamide gel containing 8 M
u rea. The ra d i o a c t ive ly labeled frag-
ments were quantified using a Molecu-
lar Dynamics Phosphoimager SI with
IPLab Gel H software package. Data
are expressed as a ratio of the specific
m R NA of interest norm a l i zed to the
c o n s t i t u t ive ly ex p ressed gly c e ra l d e-
hyde phosphate dehy d roge n a s e
(GAPDH) mRNA. 

Cytochrome C assay
R e d i s t ri bution of cy t o ch rome C wa s

Fig. 1. Staurosporine-mediated apoptotic death in chondrocytes depends on the concentation and time.
*P < 0.001 compared to the control value in cultures exposed to staurosporine alone.
(A) The concentration and time courses of staurosporine-mediated chondrocyte death as assessed by
MTT assay. The inset micrograph shows (a) control untreated chondrocyte cultures, and (b) stau-
rosporine-treated chondrocytes (lower panel). Values represent means ± SEM of determinations made
in 4-5 separate cultures.
(B) Induction of caspase-3 and cytochrome C translocation to the cytoplasm assessed in chondrocyte
cultures 4 hr after treatment with 1 M staurosporine.
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monitored by immunoblotting. Briefly
chondrocyte cultures plated in 6-well
plates were harvested in 500 l of ice-
cold buffer containing 50mM Tris-HCl,
1 mM EDTA , 1mM DTT, c o m p l e t e
p rotease inhibitor (Boehri n ger Man-
neheim) and 250 mM sucrose after
washing once with ice cold PBS. Chon-
d ro cyte cultures we re disrupted by
douncing 10 times with a pestle in a 7
ml Wheaton douncer. After centrifuga-
tion in a minifuge (10 min, 4°C) the
supernatants were further centrifuged
at 12,000 xg for 40 min. The resulting
s u p e rn atants we re used for immu n o-

blotting. Aliquots or cytosol were re-
s o l ved electro p h o re t i c a l ly by SDS-
PAGE. The blots were then probed with
a monoclonal antibody raised against
the terminal carboxyl segment of
cytochrome C (Pharmingen).

Assessment of caspase-3 activity
At each time indicat e d, ch o n d ro cy t e
cultures were washed with phosphate
buffered saline (PBS) and harvested in
100 L cell lysis buffer (50 mM HEP-
ES pH 7.4, 0.1% CHAPS, 1 mM DTT,
0.1 mM EDTA , 0.5 mg/mL PEFA
block-SC). Lysates were then incubat-

ed on ice for 15 min, centrifuged at
10,000 xg for 10 min at 4°C, and the
p rotein concentrations we re deter-
mined. Lysates (soluble supernatants)
were either used immediately or stored
at -80°C. Aliquots of protein (50 g)
we re incubated at 37°C with assay
bu ffer (50 mM HEPES pH 7.4, 1 0 0
mM NaCl, 0.1% CHAPS, 10 mM DTT,
1 mM EDTA, 10% glycerol and 200
mM A c - D E V D - p NA (Biomol). Cas-
pase-like activity was monitored col-
orimetrically (405 nm) by quantifying
the release of p-nitroaniline from the
appropriate cleaved caspase substrates
at appropriate time intervals.

Statistics
S t atistical analysis was made using
ANOVA followed by Bonferroni's cor-
rected post-hoc analysis, with p values
< 0.05 taken as significant. 

Results
Staurosporine-mediated apoptotic
death in chondrocytes depends on the
concentration and incubation time
Exposure of primary of chondrocytes
to staurosporine resulted in concentra-
tion- and time-dependent loss of cellu-
lar viability as assessed by MTT assay
(Fig. 1A).
Staurosporine-mediated toxicity in the
ch o n d ro cyte cultures was further as-
sessed by changes in nuclear morphol-
ogy and cellular integri t y. We fo u n d
that following exposure to increasing
concentrations of staurosporine (0.1 to
1 M, 4 hr) there was a proportional
e l evation in the number of ch o n d ro-
cytes with morp h o l ogical fe at u res of
apoptosis. Chondro cyte damage wa s
ch a ra c t e ri zed by condensed py k n o t i c
nu clear morp h o l ogy associated with
cytoplasmic eosinophilia (Fig. 1, inset
a) when compared to control untreated
cultures (Fig. 1, inset b).
S t a u ro s p o ri n e - m e d i ated ch o n d ro cy t i c
apoptotosis coincided with an increas-
ed cytochrome C release and an increa-
sed ratio of Bax:Bcl-X mRNA expres-
sion,both of which are indices of apop-
totic cell death (Fig. 1B).

Protection of staurosporine-mediated
cell death by NSAIDS
To assess the pro t e c t ive role of

Fig. 2. Nimesulide or ibuprofen, but not NS398, protected against staurosporine-mediated apoptotic
death in chondrocytes assessed by MTT assay. In A to C, values represent means ± SEM of determina-
tions made in 4-5 separate cultures. *P < 0.001 compared to the control value in cultures exposed to
staurosporine alone, and **P < 0.01 compared to corresponding values for cultures treated with stau-
rosporine.
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NSAIDs on chondrocytes against stau-
ro s p o ri n e - m e d i ated apoptotic cell
death, cell cultures were pre-treated for
24 hr with either the non-selective
C OX inhibitor ibu p ro fe n , the pre fe r-
ential COX-2 inhibitor nimesulide, or
the COX-2 selective inhibitor NS398,
and then exposed to staurosporine (1

M for 24 hr). Toxicity induced by
staurosporine at 4 hr was significantly
reduced by pre-treatment with nimesu-

lide (Fig. 2A) or ibuprofen (Fig. 2B) in
concentrations ranging from 10-12 to 10-

6 M. Pre-treatment with NS398 did not
p rotect the ch o n d ro cytes (Fi g. 2C).
Cultures treated with nimesulide, ibu-
profen or NS398 alone for 24 hr did not
differ from control cultures (Fig. 2A-
C). 

Staurosporine-mediated activation of
caspase-3 in chondrocyte cell cultures

was inhibited by pre-treatment with
nimesulide or ibuprofen 
The protective effect of nimesulide or
ibuprofen against staurosporine-induc-
ed apoptotic cell death was further as-
sessed by monitoring both caspase-3
activation and nuclear morphology by
H&E histochemistry. We found that by
4 hr after exposure with staurosporine
(1 M), the induction of caspase-3-
l i ke activity (see ab ove) was signifi-
c a n t ly reduced by nimesulide or
ibuprofen (Fig. 3 A,B). Inhibition of
s t a u ro s p o ri n e - m e d i ated caspase-3
induction in chondrocyte cultures treat-
ed with nimesulide or ibuprofen coin-
cided with a reduction in the number of
chondrocytes with morphological fea-
t u res of apoptotic damage (Fi g. 3,
inset). Cultures treated with nimesulide
or ibuprofen alone did not differ from
control cultures (not shown).

Discussion
In this study we found that the prefer-
ential COX-2 inhibitor nimesulide and
the non-selective COX inhibitor ibu-
profen, inhibited staurosporine-mediat-
ed apoptotic cell death in chondrocytes.
The standard therapy of OA, which is
among the most important causes of
age-related pain and disability, includes
analgesics, physical therapy, and sur-
gery (12, 13). It has remained a matter
of deb ate whether anti-infl a m m at o ry
t h e rapy, s p e c i fi c a l ly NSAIDs, o ffe rs
advantages or disadvantages over pure
analgesics such as paracetamol in OA
management. In addition to uncertainty
regarding the relative analgesic potency
of NSAIDs compared to paracetamol,
results rega rding NSAID effects on
cartilage preservation have been con-
flicting (14, 15). The recent availability
of selective COX-2 inhibitors, offering
a n t i - i n fl a m m at o ry activity with
reduced ga s t rointestinal tox i c i t y, h a s
f u rther complicated the deb ate ove r
optimal OA management. The goal of
the present studies was to elucidat e
mechanisms of cartilage degradation in
OA, particularly regarding chondrocyte
apoptosis, and to evaluate the efficacy
of anti-inflammatory drugs with regard
to these mechanisms.
Cartilage degradation in OA is charac-
terized by chondrocyte apoptosis (16).

Fig. 3. Inhibition of staurosporine-mediated caspase-3 induction by nimesulide or ibuprofen coincid-
ed with a reduction in the number of chondrocytes with morphological features of apoptotic damage.
Caspase-3-like protease activity in lysate extracts of chondrocyte cultures 4 hours after treatment with
1 M staurosporine. Pre-treatment of chondrocyte cultures for 24 hours with 10-6 M of either nime-
sulide (A),or ibuprofen (B) revealed a marked reduction of caspase-3-like protease activity coinciden-
tal with a reduction in the number of chondrocytes with morphological features of apoptosis (inset).
Panels 1-4 of the inset show micrographs of chondrocyte cultures visualized by H&E staining: panel 1,
untreated control cultures; panel 2, cultures treated with staurosporine (1 M, 4 hr); panels 3 and 4,
cultures pre-treated for 24 hours with 10-6 of either nimesulide or ibuprofen respectively, showing a
reduction of cell damage. 
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We hypothesize that loss of chondro-
cytes via this mechanism contributes to
cartilage degradation. The observation
that aging, a major risk factor for OA,
is associated with increasing chondro-
cyte apoptosis (17-19), is consistent
with this hypothesis. Apoptotic mecha-
nisms may thus represent a target for
ch o n d ro p ro t e c t ive therapy. Results
from our in vitro studies raise the possi-
bility that the NSAIDs nimesulide and
ibuprofen reduce chondrocyte apopto-
tic cell death through inhibition of cas-
pase-3. Thus, nimesulide and ibuprofen
may represent a new preventive option
for OA to block events in the apoptosis
pathway.
A recent report that prostaglandin E2
induces chondrocyte apoptosis in vitro
(9) is consistent with the possibility
that ibuprofen and nimesulide acted in
our experiments by inhibiting prosta-
glandin E2 production. However, the
COX-2 inhibitor NS398 did not protect
against stauro s p o ri n e - m e d i ated ap o p-
totic cell deat h , so that the NSAIDs
may have acted either by COX-1 inhi-
bition or by mechanisms independent
of COX. Investigation of the expression
and activity of COX-1 and COX-2 in
chondrocytes is currently under way in
our laboratory.
Previous studies found that impairment
of mitoch o n d rial activities associat e d
with oxidative stress leads to induction
of caspase-3 coincidental with apoptot-
ic cell death (20). Nimesulide and ibu-
profen have anti-oxidant activity, and
thus might control caspase activation
t h rough inhibition of mitoch o n d ri a l
swelling and release of cytochrome C.
We are pre s e n t ly inve s t i gating the
effect of nimesulide and ibuprofen on
cy t o ch rome C release as a potential
protective mechanism. 
In conclusion, our studies provide evi-
dence of specific molecular mech a-

nisms involved in chondrocyte apoptot-
ic cell loss, and suggest that the
NSAIDs nimesulide and ibuprofen are
useful in protecting against this degen-
eration. If the hypothesis that chondro-
cyte apoptosis contributes to cartilage
damage in OA proves correct, our find-
ings will indicate that these drugs, in
addition to their analgesic effects, may
confer chondroprotection. Further elu-
c i d ation of the pat h ways leading to
ch o n d ro cyte loss and degra d ation of
ex t racellular mat rix will improve the
likelihood of developing effective stra-
tegies to preserve joint function.
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