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The interleukin 1 (IL-1) family consists of 2 agonists, IL-1α
and IL-1ß, and an antagonist, IL-1 receptor antagonist (IL-
1Ra)1. IL-1 is a proinflammatory cytokine that plays an
important role in articular inflammation and cartilage degra-
dation2. IL-1 increases the synthesis of several inflammatory
mediators such as nitric oxide (NO), prostaglandin E2
(PGE2), free oxygen radicals, metalloproteases, and other
cytokines2.

Various IL-1 inhibitory factors have been described.
However, most have not been purified and/or their precise
inhibitory mechanism remains to be established. One IL-1
inhibitor, IL-1Ra, specifically binds the IL-1 receptors of
immune and inflammatory cells, but has no IL-1-like
activity3,4. 

IL-1Ra is a 22 kDa protein that is produced by several
cell types such as mature monocytes, macrophages,
synoviocytes, and chondrocytes3-6. Production of the
receptor antagonist may be mediated by cytokines present in
inflammatory foci such as tumor necrosis factor (TNF) and
IL-15,7,8. IL-1Ra inhibits the biological action of IL-19. The
IL-1Ra blocks IL-1 stimulation of PGE2 production in
human synovial cells, and when IL-1Ra binds to the IL-1
receptor on chondrocytes, the induction of PGE2 and tissue
degrading enzymes by these cells is prevented.

Inhibition of the synthesis/activity of proinflammatory
cytokine, such as IL-1, is an attractive option to decrease

Aceclofenac Increases the Synthesis of Interleukin 1
Receptor Antagonist and Decreases the Production of
Nitric Oxide in Human Articular Chondrocytes
EMILIA MANEIRO, MARIA JOSE LÓPEZ-ARMADA, JOSE L. FERNÁNDEZ-SUEIRO, BEATRIZ LEMA, 
FAUSTO GALDO, and FRANCISCO J. BLANCO

ABSTRACT. Objective. Interleukin 1 receptor antagonist (IL-1Ra) may play an important role in cartilage degra-
dation by inhibiting IL-1 activity and therefore blocking IL-1 stimulation of prostaglandin E2 (PGE2)
synthesis. Nitric oxide (NO) formation is increased during inflammation. High concentrations of NO
exert negative effects on chondrocyte functions. We investigated the possible effects of 3 different
nonsteroidal antiinflammatory drugs (NSAID; aceclofenac, piroxicam, aspirin) on IL-1Ra and NO
production in human articular chondrocytes.
Methods. Normal and osteoarthritic (OA) cartilage samples were obtained from autopsy and pros-
thetic joint surgery, respectively. Chondrocytes were isolated and stimulated with 4 different stimuli:
IL-1, tumor necrosis factor-α (TNF-α), lipopolysaccharide (LPS), and insulin-like growth factor
(IGF). The 3 NSAID were added simultaneously to each different concentration of stimulus. IL-1Ra
was measured in supernatant by ELISA; nitrites were quantified by the Griess reaction; PGE2 level
was measured by enzyme immunoassay.
Results. OA samples spontaneously produced higher levels of IL-1Ra than normal samples (130 ±
2.3 vs 30 ± 3.1 pg/ml). IL-1, TNF-α, and LPS produced dose dependent increases in synthesis of IL-
1Ra. In their presence, IL-1Ra was detected in supernatant at 48 h, but its highest level was measured
at 144 h. The most potent stimulus was IL-1, followed by TNF-α. Fetal bovine serum and IGF in
turn did not modify the basal levels of IL-1Ra. In contrast to piroxicam and aspirin, aceclofenac 10
µg/ml and TNF-α 10 ng/ml increased almost 46 times the basal amount of IL-1Ra produced by OA
chondrocytes. Additionally, aceclofenac and aspirin inhibited NO synthesis. Finally, the 3 NSAID
reduced the levels of PGE2 detected after stimulation with IL-1.
Conclusion. Proinflammatory stimuli induce IL-1Ra synthesis in human articular chondrocytes.
Aceclofenac may modulate PGE2 production by increasing IL-1Ra production and decreasing NO
synthesis. Some NSAID exert diverse prostaglandin independent effects. (J Rheumatol 2001;
28:2692–9)
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inflammation and cartilage degradation in osteoarthritis
(OA) and rheumatoid arthritis (RA)10-12. Several IL-1
inhibitors, such as tenidap, diacerhein, and IL-1Ra, have
been reported to have beneficial effects on cartilage preser-
vation and articular inflammation13-15.

Cyclooxygenase inhibitors are used widely in the treat-
ment of inflammatory arthropathies and represent the major
pharmacological intervention in OA. Several effects of
nonsteroidal antiinflammatory drugs (NSAID) have been
described12,16: (1) inhibition of PGE2 production; (2) inhibi-
tion of glycosyltransferase activity; (3) reduction of mito-
chondrial oxidative phosphorylation; (4) inhibition of IL-1
production and IL-1 receptor expression; (5) promotion of
growth factor activity, including insulin-like growth factor I
(IGF-I), which can be overcome by the inhibitory effect of
IL-1; (6) increase of protein phosphorylation, which is
dependent on the activation of cAMP dependent protein
kinase; and (7) inhibition of metalloprotease synthesis and
activity.

Aceclofenac is an NSAID that inhibits PGE2 synthesis17.
Further, aceclofenac reduces the production of IL-1 by
synoviocytes18. Recently it has been reported that
aceclofenac in the presence of IGF or/and serum may
partially reverse the IL-1 inhibitory effect on glycosamino-
glycan synthesis by cartilage tissue19. Some of these find-
ings suggest that part of the inflammatory effects of
aceclofenac are mediated by inhibiting IL-1 activity. To
evaluate this mechanism, we studied the effect of
aceclofenac on IL-1Ra synthesis by human chondrocytes.

MATERIALS AND METHODS
Tissue source. Normal adult human cartilage was obtained at autopsy from
knees of 9 donors with no history of joint disease (age range 50–78 yrs).
Human OA cartilage was obtained from 18 patients undergoing prosthetic
joint surgery of femoral head (age range 55–81 yrs).

Chondrocyte isolation and culture. Cartilage slices were removed from the
femoral heads and condyles, and washed in Dulbecco’s modified Eagle’s
medium (DMEM). Tissues were then minced with a scalpel, transferred
into a digestion buffer containing DMEM, 5% fetal bovine serum (FBS),
1% L-glutamine, penicillin (150 U/ml), streptomycin (50 mg/ml), and 2
mg/ml clostridial collagenase (type IV). Tissue was incubated on a shaker
at 37ºC until the fragments were digested. Residual multicellular aggre-
gates were removed by sedimentation (1× g). The cells were filtered
through nylon mesh with pore diameter 25 µm and washed 3 times in RPMI
5% FBS, penicillin, and streptomycin before use. To ensure the chondro-
cyte phenotype, only high density primary passage cells were used.

Measurement of IL-1 receptor antagonist. Cells were planted into wells
(250,000 cells in 24 well plate) with 0.5 ml of medium and incubated with
the different stimuli: IL-1 (0.1, 1, and 5 ng/ml), TNF-α (0.1, 1, and 5
ng/ml), LPS (1, 10, and 100 µg/ml), and IGF (1, 10, and 100 ng/ml) for 24,
48, 72, and 144 h. NSAID (aceclofenac, aspirin, and piroxicam) at different
concentrations were administrated simultaneously to each stimulus.
Concentrations of NSAID chosen for these experiments were based on
reported results20. Ethanol was used as a carrier for the NSAID, except
aceclofenac, which was resuspended in distilled water, and carrier concen-
trations were maintained (< 0.01% v/v) in the cultures. IL-1Ra was
measured in supernatant by ELISA (R&D Systems). The sensitivity of the
assay was 14 pg/ml.

Quantification of nitrites. Chondrocytes were plated at 50,000 cells per
well in 96 well plates and cultured for 48 h, and culture supernatants were
collected for nitrite measurements. NO formation was detected by NO2

–

accumulation in the culture supernatants by the Griess reaction using
sodium nitrite as standard. Briefly, 50 µl of culture supernatant were incu-
bated with 50 µl 1% sulfanilamide, 0.1% N-1-naphthylethylenediamide
dihydrochloride in 2.5% H3PO4 at room temperature for 5 min. Optical
density was measured at 570 nm.

Measurement of PGE2 levels. The conditioned medium from chondrocytes
(cultured at 75,000 cells/well in 96 well plates in 0.1 ml medium) was
collected after 24 h and stored at –80ºC. PGE2 content was measured by
enzyme immunoassay (EIA; Amersham Pharmacia Biotech) according to
the manufacturer’s instructions. The sensitivity of the assay was 40 pg/ml.

Data analysis. Results are presented as the mean of 6 individual experi-
ments performed in duplicate wells. Each experiment was carried out sepa-
rately with cells from the same donor. Results are expressed as mean ±
SEM. Statistical analysis was performed with the unpaired 2 tailed Student
t test.

RESULTS
Production of IL-1Ra by human articular chondrocytes.
Human chondrocytes can synthesize IL-1Ra; however, the
amount produced depends on the conditions to which they
are subjected and the types of cells. Chondrocytes from
human cartilage of subjects without joint disease sponta-
neously release very small amounts of IL-1Ra (30 ± 3.1
pg/ml) into the supernatant. In contrast, chondrocytes from
OA cartilage synthesis yield levels 4 times higher (130 ± 2.3
pg/ml) than cells from normal cartilage (Table 1). The
differences in the levels of production of IL-1Ra between
normal and OA cells were even greater after stimulation
with IL-1 (Table 1).

Modulation of IL-1Ra synthesis by several stimuli. OA is the
most prevalent rheumatic disease and OA chondrocytes
produce higher levels of IL-1Ra than normal cells. For these
reasons we decided to analyze the effect of different stimuli
on the production of IL-1Ra by human OA chondrocytes.
We chose IL-1ß, TNF-α, and LPS according to results
published with other types of cells. The results showed that
the 3 proinflammatory stimuli we employed increased the
release rate of IL-1Ra (Table 2). However, growth factors
such as FBS and IGF-I had no stimulatory effect on the
synthesis of IL-1Ra by human OA chondrocytes. The effects
of proinflammatory stimuli were concentration dependent,
and the optimal concentrations were IL-1ß at 5 ng/ml, TNF-
α at 10 ng/ml, and LPS at 100 µg/ml (Figure 1). IL-1Ra was

Table 1. Production of IL-1Ra by human articular chondrocytes. Results are
shown as the mean of 6 individual experiments and expressed as mean ±
SEM.

IL-1Ra, pg/ ml
Cell Donors Basal Level Stimulated Level

(Culture media) IL-1, 5 ng/ml

Normal 30 ± 3.1 230 ± 31.4
OA 130 ± 2.3 1,869 ± 38.1
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detected in supernatant at 48 h, but it was observed that the
optimal time to determine the accumulated level of IL-1Ra
was at 144 h (Figure 2).

Effect of NSAID on IL-1Ra synthesis by chondrocytes. Apart
from cyclooxygenase inhibition, other mechanisms have
been attributed to some NSAID to explain their antiinflam-
matory properties. For this reason we studied modulation of
the synthesis of IL-1Ra by NSAID, specifically aceclofenac,
aspirin, and piroxicam. None of them was able to signifi-
cantly modify basal levels of IL-1Ra produced by OA cells
(Figure 3). However, combination of TNF-α with aceclo-
fenac caused a 46-fold increase in the basal production of IL-
1Ra. By contrast, combination of TNF with aspirin (10, 30,
and 300 µg/ml) and piroxicam (1, 10, 100 µg/ml) did not
significantly modify basal levels of IL-1Ra. The effect of
aceclofenac was concentration dependent and the results

showed that concentrations ≥ 5 µg/ml increased the amount
of protein produced by OA chondrocytes (Figure 4).

Effect of aceclofenac on NO and PGE2 synthesis in human
chondrocytes. NO has been suggested as a factor that
promotes cartilage catabolism in OA and proinflammatory
responses in the joint. OA chondrocytes produce a larger
amount of NO under proinflammatory cytokine stimulated
conditions, such as with IL-1ß or TNF-α. Some NSAID are
able to reduce the production of NO induced by IL-1ß on
human chondrocytes. Aspirin, as reported, also reduces the
synthesis of NO. However, piroxicam did not reduce the
synthesis of NO on OA stimulated chondrocytes (Figure 5).
Aceclofenac at concentrations of 5 and 10 µg/ml inhibited
the NO production induced by IL-1ß by 40% and 70%,
respectively, in human OA chondrocytes (Figure 6).

PGE2 is an inflammatory mediator, and NSAID have the
capacity to inhibit its synthesis. In additional experiments
we analyzed the effect of aceclofenac, piroxicam, and
aspirin on PGE2 synthesis by human OA chondrocytes stim-
ulated with IL-1ß. Cells were stimulated with IL-1ß in the
presence and absence of NSAID, and the levels of PGE2 and
NO that accumulated in the same medium were examined.
As expected, aceclofenac (Table 3), piroxicam, and aspirin
(data not shown) inhibited the PGE2 production on IL-1ß
stimulated chondrocytes.

DISCUSSION
Although NSAID clearly inhibit the synthesis and release of
prostaglandins, these actions are not sufficient to explain all
their antiinflammatory effects12,21. We investigated the
action of 3 NSAID, aspirin, aceclofenac, and piroxicam, on
in vitro cytokine stimulated human chondrocytes producing
IL-1Ra, NO, and PGE2.

ˆTable 2. Synthesis of IL-1Ra by human OA chondrocytes after different
stimuli. Results are shown as the mean of 6 individual experiments and
expressed as mean ± SEM.

Stimulus IL-1Ra, pg/ml

Media 130 ± 2.3
FBS 5% 133 ± 1.9
FBS 10% 129 ± 2.8
IGF 10 ng/ ml 117 ± 4.3
IL-1, 5 ng/ml 1,869 ± 38.1
TNF, 10 ng/ ml 1,700 ± 43.4
LPS, 100 µg/ml 1,600 ± 40.7

FBS: fetal bovine serum; IGF: insulin-like growth factor; TNF-α: tumor
necrosis factor; LPS: lipopolysaccharide.

Figure 1. Dose response curve of the IL-1Ra synthesis by human articular
chondrocytes. Chondrocytes from OA donors were stimulated under
different conditions (250,000 cells/24 well plate). Concentrations of IL-
1Ra were measured in supernatant after 144 h. A. Basal production of IL-
1Ra. B. Levels of IL-1 Ra after stimulation with TNF-α 0.1 ng/ml, IL-1 0.1
ng/ml, and LPS 1 µg/ml. C. Levels of IL-1Ra after stimulation with TNF-
α 1 ng/ml, IL-1 1 ng/ml, and LPS 10 µg/ml. D. Levels of IL-1Ra after stim-
ulation with TNF-α 5 ng/ml, IL-1 5 ng/ml, and LPS 100 µg/ml. E. Levels
of IL-1Ra after stimulation with TNF-α 10 ng/ml, IL-1 10 ng/ml, and LPS
500 µg/ml. Results are presented as the mean of 6 individual experiments
and expressed as mean ± SEM.

Figure 2. Time course of IL-1Ra synthesis by human articular chondro-
cytes. OA chondrocytes were cultured (250,000 cells/24 well plate) with
0.5 ml of medium alone or stimulated under different conditions: IL-1 5
ng/ml, TNF-α 10 ng/ml, or LPS 100 µg/ml. Concentrations of IL-1Ra were
measured in supernatant after 24, 48, 72, and 144 h. Results are presented
as the mean of 6 individual experiments and expressed as mean ± SEM.
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The action of IL-1 is attenuated by at least 2 endogenous
antagonists — IL-1Ra, a naturally occurring IL-1 inhibitor
that binds to IL-1R without inducing biological responses,
and the nonsignaling type II IL-1 receptor (IL-1RII), which

is devoid of a cytoplasmic domain and serves as a decoy
receptor3,4,22,23. Several studies have described the modula-
tion of both proteins (IL-1Ra and IL-1RII) in rheumatic
diseases and joint tissues7,23-27. Functional genomic analyses
showed that soluble IL-1RII significantly inhibited IL-1ß
induced NO and PGE2 production in chondrocytes and
synovial cells23. The studies of Dinarello and co-workers
show that sIL-1RII plasma levels correlated negatively with
indices of joint destruction. The levels of sIL-1RII were
higher in patients with nondestructive arthritis than patients
with destructive arthritis. In contrast, IL-1Ra plasma levels
correlated positively with all indices of disease activity and
joint destruction. For this reason IL-1Ra may be considered
a natural antiinflammatory acute phase protein24.

IL-1Ra levels are increased in > 80% of RA synovial
fluid (SF) samples28. SF polymorphonuclear cells, chondro-
cytes, and synovial cells produce IL-1Ra, possibly

Table 3. Effects of aceclofenac on synthesis of inflammatory mediators.
Results are shown as the mean of 6 individual experiments as mean ±
SEM. 

NO Level, nmol PGE2 Level, pg/ml
Stimulus nitrite

Control 0.94 ± 0.4 61.21 ± 6.3
IL-1, 5 ng/ ml 19.8 ± 2.3 603.86 ± 43.7
IL-1+ Ace, 1 µg/ml 19.4 ± 3.1 222.28 ± 31.9
IL-1+ Ace, 5 µg/ml 10.91 ± 2.9 114.85 ± 27.5
IL-1+ Ace, 10 µg/ml 5.97 ± 1.7* 81.88 ± 7.4*

Ace: aceclofenac. * p < 0.01.

Figure 3. Effect of NSAID on synthesis of IL-1Ra induced by TNF. OA cells were incubated (250,000 cells/24
well plate) with TNF-α 10 ng/ml for 144 h. NSAID [aceclofenac (ACE), aspirin, piroxicam] were administered
at different concentrations simultaneously with TNF-α. IL-1Ra was measured in supernatant by ELISA. Results
are presented as the mean of 6 individual experiments and expressed as mean ± SEM. FBS: fetal bovine serum
control.

Figure 4. IL-1Ra production: dose response curve with aceclofenac (ACE). OA cells were incubated (250,000
cells/24 well plate) with TNF-α 10 ng/ml for 144 h. Aceclofenac at different concentrations was administered
simultaneously with TNF-α. IL-1Ra was measured in supernatant by ELISA. Results are presented as the mean
of 6 individual experiments and expressed as mean ± SEM. FBS: fetal bovine serum control.
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contributing to the levels of IL-1Ra present within the SF7,26-

29. Human normal and OA chondrocytes are able to produce
IL-1Ra, and IL-1 stimulates IL-1Ra synthesis in both OA
and normal chondrocytes. Pelletier, et al have reported that
spontaneous production of IL-1Ra is increased in OA carti-
lage26. To our knowledge there is no study comparing the
synthesis of IL-1Ra on human normal and OA chondro-
cytes. We have found that the pathologic condition of the
cartilage has an influence on the synthesis of IL-1Ra. The
results showed that OA cells spontaneously synthesized
higher amounts of IL-1Ra than normal cells, and that proin-
flammatory stimulus increased the production of IL-1Ra on
both normal and OA chondrocytes. The reason OA chon-
drocytes produce higher levels of IL-1Ra in vitro than
normal chondrocytes may be related to the presence, in situ,

of cytokines such as IL-1 that may induce the expression of
IL-1Ra production. Moreover, OA chondrocytes appear to
be hyperresponsive to IL-1 stimulation, and this seems to be
related to an increased level of IL-1 receptor in OA chon-
drocytes. A similar phenomenon has been reported with
respect to metalloproteases and NO synthesis, relating this
to an increased level of IL-1 receptor in OA chondrocytes25.
Plasma IL-1Ra levels are significantly higher in patients
with chronic polyarthritis than in healthy controls,
suggesting that increased levels of IL-1Ra may reflect
increased production and activity of IL-124. Further,
cytokines such as IL-4 or IL-10 may also contribute to the
balance between the production of IL-1 and that of IL-1Ra1.

We showed also that growth factors such as FBS and
IGF-I are not able to modify either spontaneous or proin-

The Journal of Rheumatology 2001; 28:122696

Figure 5. Effect of NSAID on NO production. OA cells were incubated (50,000 cells/96 well plate) with IL-1 5
ng/ml for 48 h. NSAID at different concentrations [aceclofenac (ACE) 5 µg/ml, aspirin (ASP) 30 µg/ml, pirox-
icam (PIROX) 10 µg/ml] was administered simultaneously with IL-1. NO was measured in supernatant by
Griess reaction. Results are presented as the mean of 6 individual experiments and expressed as mean ± SEM.

Figure 6. NO production: dose response curve with aceclofenac (ACE). OA cells were incubated (50,000 cells/96
well plate) with IL-1 5 ng/ml for 48 h. Aceclofenac at different concentrations was administered simultaneously
with IL-1. NO was measured in supernatant by Griess reaction. Results are presented as the mean of 6 individual
experiments and expressed as mean ± SEM. FBS: fetal bovine serum control.
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flammatory production of IL-1Ra; and that chondrocyte
synthesis of IL-1Ra responded to IL-1ß, TNF-α, and LPS
stimulation in a concentration dependent manner.

IL-1 plays an important role in inflammation, cartilage
degradation, and probably also in the physiopathology of
OA and RA2,11,12. A relative deficit of IL-1Ra has been
shown in both OA and RA. This deficit may be a possible
explanation for an increased level of IL-1 activity, leading to
enhancement of cartilage matrix degradation. The exact
reason(s) for the discordant expression and synthesis of IL-
1 and IL-1Ra under these pathological conditions remains
unknown. Some authors think that in OA and RA pathology
the production of IL-1Ra is increased24,26,30. However, its
synthesis is insufficient in relation to the excessive amounts
of IL-1 produced locally, and this imbalance is responsible
for the predominance of the catabolic process in OA and
RA. Other authors did not detect levels of IL-1Ra or IL-1RII
in human OA chondrocytes23. They propose that cartilage
degradation in OA occurs because OA chondrocytes lack a
natural defence mechanism against endogenous IL-1.

Either reducing IL-1 production or blocking its actions is
an appropriate strategy for treating acute and chronic
rheumatic diseases1,10,11. Aceclofenac, but not aspirin or
piroxicam, increases IL-1Ra production by TNF-α stimu-
lated OA chondrocytes. Pelletier, et al reported that
aceclofenac inhibits IL-1 synthesis on LPS stimulated
fibroblast synovial cells18. Overall, aceclofenac can be of
benefit by delaying cartilage degradation and blocking some
inflammatory activities of IL-1. Other NSAID like mofe-
zolac induced IL-1Ra synthesis in cultured human periph-
eral blood mononuclear cells. The mofezolac stimulated
mRNA expression of IL-1Ra31.

Exogenously added IL-1Ra is quite effective in blocking
IL-1ß mediated effects on chondrocytes and in inhibiting
PGE2 release by chondrocytes. In vitro experiments
revealed that an excess of 10 to 100 times the amount of IL-
1Ra is necessary to inhibit 50% of IL-1 activity1,32,33.
Stimulation of cells with TNF-α and aceclofenac increases
almost 46 times the basal levels of IL-1Ra.

On the other hand, excessive concentrations of NO exert
profound effects on chondrocyte functions, including down-
regulation of collagen synthesis, chondrocyte prolifera-
tion34, inhibition of actin polymerization35, downregulation
of IL-1Ra expression26, activation of metalloproteases36,
and induction of apoptosis37. These manifestations induced
by NO may be a possible mechanism of cartilage degrada-
tion in arthritis. Recently, effects of current antiinflamma-
tory drugs on NO production have emerged as an additional
property of these agents38. The capacity to inhibit NO
synthetase is not common to all NSAID. The consistent
finding in the literature is that salicylates, but typically not
indomethacin, inhibit NO production in a variety of cell
types, including chondrocytes and macrophages, most likely
through effects on translation38. Our observation indicates

that aceclofenac, as well as aspirin, is also an effective
inhibitor of NO production, and it suggests that this is not a
property of salicylates alone and may be shared by other
classes of antiinflammatory agents.

Prostaglandin levels are elevated in SF and tissues of
patients with RA. Prostaglandins mediate the characteristic
vasodilation and erythema observed in acute inflammation.
PGE2 stimulates production of matrix metalloproteinases by
synoviocytes that leads to destruction of cartilage. NSAID
classically act by inhibiting the key enzyme of prostaglandin
synthesis, which we now call cyclooxygenase or COX. All
NSAID tested in this study inhibited prostaglandin produc-
tion.

An important property of NO in inflammation is its
ability to activate COX, resulting in substantial production
of proinflammatory prostaglandins34,39. Regarding cartilage
tissue and chondrocytes, there are contradictory reports on
the effect of NO on PGE2 production. We have shown that
NO strongly increases PGE2 production by human chondro-
cytes34. Other authors, however, suggest that NO suppresses
PGE2 synthesis40. Although the connection between NO and
PGE2 is confusing, these effects are not due to the shared
capacity to inhibit COX-2 dependent prostaglandin produc-
tion in these cells, since neither indomethacin nor piroxicam
(at concentrations sufficient to inhibit PGE2 production)
inhibited NO release. Further, NSAID (such as aspirin and
aceclofenac) that inhibit PGE2 production do not increase
the synthesis of NO. Aspirin blocks NO expression at the
translational level, and probably also directly at the enzyme
level by acetylating the enzyme to render it inactive38. We
do not yet know the pathway of aceclofenac to block NO
synthesis in chondrocytes.

NO markedly reduced the synthesis of IL-1Ra. The effect
of NO downregulates the production of IL-1Ra at the gene
expression level26. The exact mechanism responsible for the
effect of NO on IL-1Ra expression and synthesis is
unknown. Aceclofenac could increase IL-1Ra levels
through its negative effect on NO synthesis. However, this
is unlikely, because other NSAID such as aspirin that inhibit
NO synthesis have not shown any effect on IL-1Ra produc-
tion. The possibility that inhibition of NO and PGE2 produc-
tion by aceclofenac is due to stimulation of expression of
IL-1Ra cannot be ruled out by our experiments.

This study has some limitations. We used cells and not
cartilage tissue. Perhaps a study in the natural environment
of chondrocytes would demonstrate the potency of NSAID
on cartilage, and also show the ability of NSAID to pene-
trate the cartilage. This approach is being explored in our
laboratory.

In summary, we showed that chondrocytes responded in
a concentration dependent manner on IL-1Ra synthesis
upon stimulation with IL-1ß, TNF-α, and LPS. We also
demonstrated that aceclofenac, which is known to inhibit the
synthesis of IL-1ß, also inhibits the production of other
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inflammatory mediators such as NO and PGE2, and it also
increases IL-1Ra production. This could be an additional
mechanism by which aceclofenac produces its antiinflam-
matory effect and protects against the cartilage degradation
process in arthritis.

ACKNOWLEDGMENT
The authors express appreciation to the Department of Orthopedics and the
Tissue Bank of the Complejo Hospitalario Juan Canalejo for providing
cartilage samples.

REFERENCES
1. Dinarello C, Wolff SM. The role of interleukin-1 in disease. New

Engl J Med 1993;328:106-13.
2. Lotz M, Blanco FJ, Von Kempis J, Dudler J, Maier R, Geng Y.

Cytokine regulation of chondrocyte function. J Rheumatol
1995;22:104-8.

3. Arend WP, Welgus HG, Thompson RG, Eisemberg SP. Biological
properties of recombinant human monocyte-derived interleukin 1
receptor antagonist. J Clin Invest 1990;85:1694-7.

4. Hannum CH, Wilcox CJ, Arend WP, et al. Interleukin-1 receptor
antagonist activity of a human interleukin-1 inhibitor. Nature
1990;343:336-7.

5. Andersson J, Bjork L, Dinarello CA, Towbin H, Andersson U.
Lipopolysaccharide induces human interleukin-1 receptor antagonist
and interleukin-1 production in the same cell. Eur J Immunol
1992;22:2617-23.

6. Huch K, Wilbrink B, Flechtenmacher J, et al. Effects of recombinant
human osteogenic protein on the production of proteoglycan,
prostaglandin E2 and IL-1 Ra by human articular chondrocytes
cultured in the presence of IL-1. Arthritis Rheum 1997;40:2157-61.

7. Firestein GS, Berger AE, Tracey DE, et al. IL-1 Ra protein
production and gene expression in rheumatoid arthritis and
osteoarthritis synovium. J Immunol 1992;149:1054-62.

8. Martell-Pelletier J, McCollum R, Pelletier JP. The synthesis of IL-1
receptor antagonist (IL-1 Ra) by synovial fibroblast is markedly
increased by the cytokines TNF alpha and IL-1. Biochim Biophys
Acta 1993;1175:302-5.

9. Arend WP. Interleukin-1 receptor antagonist. Adv Immunol
1991;54:167-227.

10. Thompson RC. Interleukin-1 receptor antagonist (IL-1 ra) as a probe
and as a treatment for IL-1 mediated disease. Int J
Immunopharmacol 1992;14:475-80.

11. Firestein GS, Boyle DL, Yu C, Zvaifler NJ. Synovial interleukin-1
receptor antagonist and interleukin-1 balance in rheumatoid
arthritis. Arthritis Rheum 1994;37:611-52.

12. Pelletier JP, Martel-Pelletier J. Evidence for the involvement of
interleukin-1 in human osteoarthritic cartilage degradation:
protective effect of NSAIDs. J Rheumatol 1989;16 Suppl 18:19-27.

13. Fernandes JC, Martell-Pelletier J, Otterness IG, et al. Effects of
tenidap on canine experimental osteoarthritis. Morphologic and
metalloproteases analysis. Arthritis Rheum 1998;38:1290-303.

14. Martel-Pelletier J, Mineau F, Jolicoeur FC, Cloutier JM, Pelletier JP.
In vitro effects of diacerhein and rhein on interleukin 1 and tumor
necrosis factor-alpha human osteoarthritic synovium and
chondrocytes. J Rheumatol 1998;25:753-62.

15. Pelletier JP, Caron JP, Evans C, et al. In vivo suppression of early
experimental osteoarthritis by interleukin-1 receptor antagonist
using gene therapy. Arthritis Rheum 1997;40:1012-9.

16. Abramson S, Korchak H, Ludewing R, et al. Modes of action of
aspirin-like drugs. Proc Natl Acad Sci USA 1985;82:727-31.

17. Yamazaki R, Kawai S, Matsuzaki T, et al. Aceclofenac blocks
prostaglandin E2 production following its intracellular conversion

into cyclooxygenase inhibitors. Eur J Pharmacol 1997;329:181-7.
18. Martell-Pelletier J, Cloutier JM, Pelletier JP. Synovial inflammatory

factors in human osteoarthritis and their relevance in disease
treatment with the NSAIDs aceclofenac and diclofenac. Clin Drug
Invest 1997;14:226-32.

19. Dingle JT, Parker M. NSAID stimulation of human cartilage matrix
synthesis. A study of the mechanism of action of aceclofenac. Clin
Drug Invest 1997;14:353-62.

20. Blanco FJ, Guitian R, Moreno J, de Toro FJ, Galdo F. Effect of
antiinflammatory drugs on COX-1 and COX-2 activity in human
articular chondrocytes. J Rheumatol 1999;26:1366-76.

21. Llenas J. Aceclofenac: is the antiinflammatory effect really due to
cyclooxygenase inhibition? [letter]. J Rheumatol 1999;26:2064-5.

22. Colotta F, Dowe SK, Sim JE, Mantovani A. The type II decoy
receptor: a novel regulatory pathway for interleukin 1. Immunol
Today 1994;15:562-6.

23. Attur MG, Dave M, Cipolletta C, et al. Reversal of autocrine and
paracrine effects of interleukin 1 in human arthritis by type II IL-1
decoy receptor. J Biol Chem 2000;275:40307-15.

24. Jouvenne P, Vannier E, Dinarello Ca, Miossec P. Elevated levels of
soluble interleukin-1 receptor type II and interleukin-1 receptor
antagonist in patients with chronic arthritis: correlations with
markers of inflammation and joint destruction. Arthritis Rheum
1998;41:1083-9.

25. Martel-Pelletier J, McCollum R, DiBattista J, et al. The interleukin-
1 receptor in normal and OA human articular chondrocytes:
identification as the type I receptor and analysis of binding kinetics
and biologic function. Arthritis Rheum 1992;35:530-40.

26. Pelletier JP, Mineau F, Ranger P, Tardif G, Pelletier-Martell J. The
increased synthesis of inducible nitric oxide inhibits IL-1 ra
synthesis by human articular chondrocytes: possible role in
osteoarthritic cartilage degradation. Osteoarthritis Cartilage
1996;4:77-84.

27. Henrotin YE, Zheng SX, Labasse Ah, Deby, GP, Crielaard JM,
Reginster JY. Modulation of human chondrocyte metabolism by
recombinant human interferon. Osteoarthritis Cartilage 2000;
8:474-82.

28. Arend WP, Malyak M, Smith MF Jr, et al. Binding of IL-1 alpha,
IL-1 beta and IL-1 receptor antagonist by soluble IL-1 receptors and
levels of soluble IL-1 receptors in synovial fluids. J Immunol
1994;15:4766-74.

29. Shirazi I, Yaron I, Wollman Y, et al. Down regulation of interleukin
1 beta production in human osteoarthritic synovial tissue and
cartilage cultures by aminoguanidine. Ann Rheum Dis 2001;
60:391-4.

30. Shingu M, Fujikawa Y, Wada T, Nonaka S, Nobunaga M. Increased
IL-1 receptor antagonist production and decreased IL-1 beta/IL-1ra
ratio in mononuclear cells from rheumatoid arthritis patients. Br J
Rheumatol 1995;34:24-30.

31. Kusuhara H, Matsuyuki H, Okumoto T. Effects of nonsteroidal anti-
inflammatory drugs on interleukin-1 receptor antagonist production
in cultured human peripheral blood mononuclear cells.
Prostaglandins 1997;54:795-804.

32. Pelletier JP, McCollum R, Cloutier JM, Pelletier JM. Synthesis of
metalloproteases and IL-6 in human osteoarthritic synovial
membrane is an IL-1 mediated process. J Rheumatol 1995;
22:109-14.

33. Campion GV, Lebsack ME, Lookabaugh J, Gordon G, Catalano M.
Dose-range and dose-frequency study of recombinant human
interleukin-1 receptor antagonist in patients with rheumatoid
arthritis. The IL-1Ra Arthritis Study Group. Arthritis Rheum
1996;39:1092-101.

34. Blanco FJ, Lotz M. IL-1 induced nitric oxide inhibits chondrocyte
proliferation via PGE2. Exp Cell Res 1995;218:319-25.

35. Frenkel SR, Clancy RM, Ricci JL, DiCesare PE, Rediske JJ,

The Journal of Rheumatology 2001; 28:122698

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2001.  All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


Abramson SB. Effects of nitric oxide on chondrocyte migration,
adhesion and cytoskeletal assembly. Arthritis Rheum 1996;
39:1905-12.

36. Murrel GA, Jang D, Williams RJ. Nitric oxide activates
metalloproteases enzymes in articular cartilage. Biochem Biophys
Res Commun 1995;206:15-21.

37. Blanco FJ, Och RL, Schwartz H, Lotz M. Chondrocyte apoptosis
induced by nitric oxide. Am J Pathol 1995;146:75-85.

38. Attur MG, Patel R, DiCesare PE, Steiner GC, Abramson SB, Amin

AR. Regulation of nitric oxide production by salicylates and tenidap
in human OA-affected cartilage, rat chondrosarcomas and bovine
chondrocytes. Osteoarthritis Cartilage 1998;6:269-77.

39. Marfield L, Jang D, Murrell GAC. Nitric oxide enhances
cyclooxygenase activity in articular cartilage. Inflamm Res
1996;45:254-8.

40. Amin AR, Attur MG, Patel RN, et al. Superinduction of
cyclooxygenase-2 in human osteoarthritis-affected cartilage:
Influence of nitric oxide. J Clin Invest 1997;99:1231-77.

Maneiro, et al: IL-1Ra and cartilage degradation 2699

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2001.  All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/

