








2.5 mg/kg/day dose regimen. Controls showed only back-
ground staining (data not shown). 

Inducible NO synthase. A large number of chondrocytes in
the superficial layers of OA cartilage from condyles and
plateaus revealed positive staining for iNOS (Table 3,
Figure 3). Specimens from the 2 groups of dogs treated with
licofelone showed a significant reduction in the percentage
of positive chondrocytes. There were, however, no differ-
ences between the 2 therapeutic groups, either in femoral
condyles or tibial plateaus, concerning the extent of reduc-
tion. Controls showed only background staining.
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Table 3. INOS level in canine knee cartilage. Values are the mean ± SEM.

No. of % Positive Cells
Group Animals Femoral Tibial 

Condyles Plateaus

OA control (placebo) 7 24.8 ± 2.9 29.4 ± 2.3
Licofelone 2.5 mg/kg/day 7 12.1 ± 0.9 11.1 ± 1.4

p < 0.002 p < 0.001
Licofelone 5.0 mg/kg/day 7 10.7 ± 1.7 11.1 ± 1.0

p < 0.002 p < 0.001

P value versus the OA group, by Mann-Whitney U test.

Figure 3. Representative sections of cartilage, showing immunostaining for iNOS in femoral condyles (left) and tibial plateaus (right). A and B. Placebo treated
dog OA. C and D. Dog OA treated with licofelone 2.5 mg/kg/day. E and F. Dog OA treated with licofelone 5.0 mg/kg/day (original magnification ×100).
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Cyclooxygenase 2. Over 30% of the chondrocytes in the
superficial layers of OA cartilage, both in condyles and
plateaus, expressed COX-2 (Table 4, Figure 4). There was a
very significant decrease in the number of cells expressing
COX-2 in specimens from condyles and plateaus in the 2
experimental groups treated with licofelone. There was a
slight tendency for the effect to be more marked in the dogs
treated with the highest dosage of the drug. Controls showed
only background staining (data not shown).

DISCUSSION
This study demonstrates that under experimental conditions,
licofelone is a potent inhibitor of OA chondrocyte death in
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Table 4. COX-2 level in canine knee cartilage. Values are the mean ± SEM.

No. of % Positive Cells
Group Animals Femoral Tibial 

Condyles Plateaus

OA control (placebo) 7 31.1 ± 1.4 30.1 ± 2.0
Licofelone 2.5 mg/kg/day 7 15.9 ± 1.0 16.6 ± 1.2

p < 0.001 p < 0.001
Licofelone 5.0 mg/kg/day 7 10.8 ± 1.1 10.4 ± 1.3

p < 0.001 p < 0.001
(p < 0.004†) (p < 0.01†)

P value versus the OA group, Mann-Whitney U test. † P value versus
licofelone 2.5 mg/kg/day group, Mann-Whitney U test.

Figure 4. Representative sections of cartilage, showing immunostaining for COX-2 in femoral condyles (left) and tibial plateaus (right). A and B. Placebo treated
dog OA. C and D. Dog OA treated with licofelone 2.5 mg/kg/day. E and F. Dog OA treated with licofelone 5.0 mg/kg/day (original magnification ×100).
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vivo. This new antiinflammatory compound was reported to
be a potent in vivo inhibitor of 5-LOX and COX in experi-
mental dog OA, as well as a drug capable of reducing the
development of cartilage degradation13. This study gives
new information on the potential mechanisms by which this
drug exerts its cartilage-sparing effects.

The participation of chondrocyte death by apoptosis in
cartilage destruction is very likely during OA3,6,8-10,18. The
reduction in the number of living cells, particularly in the
superficial layers of OA cartilage where a great deal of
extracellular matrix degradation has taken place, is certainly
an important factor limiting the capacity of this tissue for
self-repair5. Moreover, the death of chondrocytes leads to
the release of a number of catabolic factors such as
proteases, which could also contribute to cartilage matrix
degradation. A study in an experimental OA model revealed
that an agent that can reduce the level of chondrocyte apop-
tosis was also able to protect against the progression of
cartilage lesions19. The relevance of these specific
antiarthritic agents for the treatment of clinical OA is ques-
tionable, since one may argue that the administration of
agents able to specifically and selectively inhibit apoptosis
may also increase the risk of inducing malignant disease
when given systemically. Indeed, drugs that can induce
apoptosis in intestinal cells have been clearly established as
reducing the incidence of certain colon cancers20,21. In
regard to OA, there is a need for agents that will inhibit
apoptosis selectively in the joints or at the site of inflamma-
tion.

The mechanisms leading to OA chondrocyte death/apop-
tosis have been extensively studied. Recent publications
have shown that a number of pathways, linked together, are
involved in this phenomenon. For instance, the implication
of the caspase cascade has recently been documented22 and
is to some extent related to the excessive production of NO
within the OA joint and more particularly by chondro-
cytes23,24. The exact mechanisms(s) by which NO induces
chondrocyte apoptosis remains to be elucidated. Recent
reports indicate several possibilities, including direct DNA
damage, generation of peroxynitrite, and inactivation of
antioxidant enzymes25-28. Studies using human leukemic cell
lines indicate that NO might induce apoptosis via mitochon-
dria damage and by cytochrome c release, leading to activa-
tion of the caspase enzymes29.

The cytosolic aspartate-specific proteases (caspases)
involve a family of enzymes responsible for the “ordered”
disassembly of cells22. Caspase-8, caspase-9, and caspase-3
are the primary enzymes involved in cell apoptosis. These
enzymes induce cell death by a number of mechanisms,
including DNA fragmentation and inactivation of the
proteins that protect cells against apoptosis22,30. They are
present in the cytoplasm as proenzymes and can undergo
self-activation or be activated in a cascade-like manner by
enzymes with similar specificity. Caspase-9 is activated in

response to agents or insults that induce the release of
cytochrome c from the inner mitochondrial membrane31.
Caspase-8 is activated by the cytoplasmic death domains of
the receptors. Caspase-8 and caspase-9 can activate caspase-
3, which could amplify the caspase-8 and caspase-9 signals.
Upon activation, caspase-3 cleaves vital intracellular
proteins and additional caspases.

Recent studies have revealed that the induction of apop-
tosis by NO in OA chondrocytes is mediated via the induc-
tion of COX-2 gene expression and subsequent increase in
the production of endogenous PGE2

11. The exact mecha-
nism by which PGE2 is involved in chondrocyte apoptosis is
under exploration in our laboratory. This finding is notable
because, in cancer cells, prostaglandins are believed to have
an inverse effect by having anti-apoptotic properties20,21,32.

We found that licofelone was capable of dramatically
reducing OA chondrocyte death/apoptosis, particularly in
the lesional area of the cartilage. This effect was present in
concentrations of licofelone within the therapeutic range13.
This effect was also closely associated with a reduction in
the level of the mature form of caspase-3, explaining the
mechanism by which the drug reduced chondrocyte
death/apoptosis. Moreover, licofelone was found to signifi-
cantly inhibit the expression of both iNOS and COX-2.
Together, these results show that this drug reduces chondro-
cyte death/apoptosis by inhibiting the production of 2 major
factors involved in the activation of the caspase cascade,
namely NO and PGE2. There are several hypotheses to
explain the effects of licofelone on these pathways. First,
this drug was found to reduce the synthesis of IL-1ß by the
synovial cells in experimental dog OA13. This action could
possibly be related to the capacity of licofelone to inhibit the
activity of 5-LOX and the synthesis of leukotriene B4
(LTB4)

33. Recent studies have also identified that mutual
cross-talking exists between the iNOS and COX pathways,
which may provide an additional explanation for the action
of licofelone. These findings can be summarized as follows:
the level of COX-2 is autoregulated by PGE2 and upregu-
lated by NO, and the level of iNOS is autoregulated by NO
and upregulated by PGE2

34. Therefore, licofelone being a
potent inhibitor of COX-2, the inhibition of PGE2 produc-
tion could explain the reduction in the level of COX-2 and
iNOS. Moreover, recent findings from our laboratory indi-
cate that LTB4 could also upregulate COX-2 expression35,
and therefore the inhibition of 5-LOX by licofelone may
provide an additional explanation for the reduction in the
level of COX-2 induced by this drug in OA chondrocytes.

This study reveals that licofelone, a new antiinflamma-
tory drug with dual balanced inhibitory activity against
COX and 5-LOX, reduces chondrocyte death/apoptosis in
vivo in OA cartilage. This effect is regulated by the inhibi-
tion of 2 potent pro-apoptotic pathways in chondrocytes,
namely COX-2 and iNOS, and the subsequent decrease in
the activation of the caspase cascade. These findings
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provide additional information about the possible mecha-
nisms by which licofelone could reduce the progression of
the structural changes of experimental dog OA.
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