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EXTENDED REPORT

Treatment with licofelone prevents abnormal subchondral
bone cell metabolism in experimental dog osteoarthritis
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Objectives: To determine if treatment with licofelone, a combined 5-lipoxygenase and cyclo-oxygenase
inhibitor, in vivo in experimental dog osteoarthritis can modify bone cell metabolism in long term in vitro
subchondral osteoblast cell cultures (Ob).
Methods: Group 1 received sectioning of the anterior cruciate ligament (ACL) of the right knee with no
active treatment (placebo group). Groups 2 and 3 received sectioning of the ACL of the right knee, and
were given licofelone (2.5 or 5.0 mg/kg daily by mouth, respectively) for eight weeks beginning the day
after surgery. Primary Ob were prepared from the subchondral bone plate. Levels of phenotypic markers
(alkaline phosphatase activity, osteocalcin release), and urokinase plasminogen activator (uPA) and
insulin-like growth factor-1 (IGF-I) levels, were evaluated in each group. Lastly, prostaglandin E2 (PGE2)
and leucotriene B4 levels were evaluated.
Results: No significant differences in alkaline phosphatase activity or osteocalcin release from Ob between
the three groups, under either basal or 1,25(OH)2D3 induction were seen. In contrast, treatment with
licofelone reduced uPA and IGF-I levels in Ob. PGE2 levels, which were still raised in the placebo group,
were decreased sharply by licofelone. A relationship was found between licofelone treatment and either
the reduction in the size of lesions on tibial plateaus or the levels of uPA, IGF-I, or PGE2.
Conclusions: Licofelone treatment prevents and/or delays the abnormal metabolism of subchondral
osteoblasts in this model. Licofelone reduced PGE2 levels after long term Ob, suggesting that the reduction
in uPA and IGF-I levels is linked, at least in part, to this reduction.

steoarthritis (OA) is characterised by progressive
erosion of the articular cartilage as well as subchondral bone remodelling.1–3 It is now believed that
subchondral bone modifications may be intimately linked
to the actual progression of cartilage erosion in OA.4–10 The
structural changes of this disease include the progressive
erosion of the articular cartilage, the formation of osteophytes and, at the clinical stage of the disease, a variable
degree of synovial inflammation.1 2 A significant remodelling
of the subchondral bone is believed to be predominantly
an excessive bone resorption in the early stages of the
disease,11–15 followed by excessive bone formation, leading to
bone sclerosis and an increased thickening of the subchondral bone. This is believed, in turn, to explain the increase in
subchondral bone density seen in patients with OA at the
clinical stage of the disease. However, recent findings
indicate that OA subchondral bone tissue comprises an
excessive extracellular osteoid matrix that is undermineralised.6–9 Moreover, this matrix is composed of abnormal
collagen type I heterotrimers with a predominance of
collagen type I a-1 chains over a-2 chains.16
The exact pathways that are involved in the pathophysiology of the disease remain largely unknown. In particular,
whether subchondral bone changes in human OA precede or
are simultaneous with cartilage lesions is still an unanswered
question, although in animal models where OA develops
spontaneously, bone changes precede cartilage lesions.17–20
The hypothesis of a link between subchondral bone changes
and cartilage lesions also implies that local factors produced
and/or modified by bone cells can alter articular chondrocyte
function.10 The pathway(s) involved in such a cross communication between these two tissues also remain unresolved at
present. Nevertheless, recent findings clearly indicate significant modifications of the metabolic activities of osteoblasts from both human primary OA cell cultures4 5 and in an
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experimental OA dog model.15 Several factors produced
by osteoblasts
might
potentially
affect
cartilage
chondrocytes.21–24 In particular, the local bone tissue production of insulin-like growth factor-I (IGF-I), urokinase
plasminogen activator (uPA), and prostaglandin E2 (PGE2)
may play a part in the attempt of the cartilage to promote the
formation of a new extracellular cartilage matrix such as that
seen in OA. Cytokines/growth factors/prostaglandins produced by subchondral bone cells may seep through the bonecartilage interface to stimulate cartilage breakdown. Indeed,
increasing evidence indicates the presence of channels and
fissures between cartilage and bone that might provide a
route for signals between these two tissues.25–27
The experimental OA dog model is a reliable model that
allows the study of early changes of the disease as well as
several pathophysiological pathways.11 28 29 Reports show that
in this model of OA the subchondral bone is the site of
important morphological changes.12–15 As early as two to three
months after surgery, the subchondral bone plate is
osteopenic, and this phenomenon reversed with the appearance of bone sclerosis between 18 and 54 months after the
anterior cruciate ligament (ACL).12 13 15 The development of
osteopenia was also confirmed by histomorphometric studies
in this model.11 12 14 15 Our own previous studies with primary
................................................................
Abbreviations: ACL, anterior cruciate ligament; COX, cyclooxygenase; DMEM, Dulbecco’s modified Eagle’s medium; ELISA,
enzyme linked immunosorbent assay; FBS, fetal bovine serum; IGF-I,
insulin-like growth factor-I; ITS, insulin-transferrin-selenium; 5-LO,
5-lipoxygenase; LTB4, leucotriene B4, NSAID, non-steroidal antiinflammatory drug; OA, osteoarthritis; Ob, osteoblast cell cultures;
1,25(OH)2D3, 1,25-dihydroxyvitamin D; PGE2, prostaglandin E2;
TGFb, transforming growth factor b; uPA, urokinase plasminogen
activator
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subchondral osteoblasts from an experimental OA dog model
showed raised uPA and IGF-I levels, but did not present
altered alkaline phosphatase activity or osteocalcin release.15
Licofelone (previously named ML-3000), a new antiinflammatory drug with combined 5-lipoxygenase (5-LO)
and cyclo-oxygenase (COX)-I/COX-II inhibitory activity, has
been previously shown to reduce the development of cartilage
lesions in experimental dog OA.30 Here we evaluated the long
term effects of treatments of experimental dog OA with
licofelone on the synthetic abilities of isolated subchondral
osteoblasts from these animals.

METHODS
Experimental groups
Tibial plateaus obtained from dogs from different experimental groups included in our previous study were used.30 In
short, 21 adult crossbred dogs 2–3 years old, weighing 20–
25 kg each, were used in this study. Surgical sectioning of the
ACL of the right knee was performed on 21 dogs through a
stab wound, as previously described.29–32 Before surgery, the
animals were anaesthetised intravenously with pentobarbital
sodium (25 mg/kg) and intubated. After surgery, the dogs
were kept in animal care facilities for one week then sent to a
housing farm. Dogs were housed in a large pen and were
exercised under supervision to ensure that they were bearing
weight on the operated knee as approved by the Institutional
Committee for Animal Protection of our institution.
These dogs were randomly separated into three groups of
seven: group 1, dogs with OA that received placebo
(encapsulated methylcellulose); group 2, dogs with OA given
encapsulated licofelone (2.5 mg/kg daily by mouth) (Merckle
GmbH, Ulm, Germany); group 3, dogs with OA given
encapsulated licofelone (5.0 mg/kg daily by mouth).
Treatments began the day after surgery. These doses were
selected based on the doses of the drug given to patients for
the treatment of symptomatic OA. Licofelone was given twice
daily (8 am and 4 pm) with food at the total daily dose of 2.5
and 5.0 mg/kg. All dogs were killed eight weeks after surgery.
Gross morphological changes in these animals, including the
presence of osteophyte formation and cartilage lesions, were
reported previously.30
Primary bone cell cultures
The specimens obtained from the dogs with OA represented
moderate OA according to macroscopic criteria. Sections from
the weightbearing areas of the subchondral bone plate of
tibial plateaus were processed as previously described.15
Briefly, specimens were obtained from plug explants of the
tibial plateaus collected at an equivalent anatomical site.
Both the overlying cartilage and the trabecular bone sections
were removed under a magnifying microscope to ensure total
removal of both tissues. The remaining subchondral bone
plate was then cut into small pieces (2 mm2) before
sequential digestion using 1 mg/ml of collagenase type I
(Sigma-Aldrich Canada, Oakville, ON, Canada) in Ham’s
F12/Dulbecco’s modified Eagle’s medium (DMEM; Sigma)
without serum, at 37˚C for two periods of 30 minutes and,
lastly, for 240 minutes. This removed both adherent and
remaining bone marrow cells from the subchondral bone
pieces.
These bone pieces were then washed extensively with
Ham’s F12/DMEM media without serum containing 5% PenStrep before being cultured in Bigger, Gwatkin, Jackson
(BGJ; Sigma) medium containing 20% fetal bovine serum
(FBS; Wisent, St-Bruno, Quebec, Canada). This medium was
replaced every two days until cells appeared in Petri dishes.
At this point, it was replaced by the same medium containing
10% FBS. At confluence (days 14–18), cells were passaged
once at a ratio of 25 000 cells/cm2 and grown in 24 well plates
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(Falcon, Lincoln Park, NJ, USA) for five days before assay.
Cells prepared under these conditions show an osteoblastlike phenotype.15 33 34 Cells from dogs with OA treated or not
with licofelone grew at similar rates (not shown), indicating
that cell viability was not affected by prior surgery or by
treatment. Conditioning was performed for the last two days
of culture, and two sets of experimental conditions were
performed. Half of the cells were incubated in the presence or
absence of 50 nM 1,25-dihydroxyvitamin D (1,25(OH)2D3;
generous gift of Dr M Uskokovic, Roche, Nutley, NJ, USA) for
maximal stimulation, in Ham’s F12/DMEM containing 2%
charcoal-stripped FBS to determine alkaline phosphatase
activity and osteocalcin release. The medium was collected at
the end of the incubation and frozen before assay at 280˚C.
Cells were washed twice with phosphate buffered saline,
pH 7.4, and solubilised in alkaline phosphate buffer
(100 mM glycine, 1 mM MgCl2, 1 mM ZnCl2, 1% Triton X100; pH 10.5) for 60 minutes with agitation at 4˚C. The
second half of the cells were incubated for their last two days
of culture with Ham’s F12/DMEM media without FBS
containing 1% insulin-transferrin-selenium mix (ITS;
Sigma) and were used for the determination of uPA activity,
and the determination of IGF-I and PGE2 levels. Under these
conditions cell viability is maintained, and previous studies
have shown that osteoblasts can still respond to exogenous
modulation.5 23 24
Determination of alkaline phosphatase activity and
osteocalcin release
Cell lysates from cells treated or not with 1,25(OH)2D3 were
used for the determination of alkaline phosphatase activity as
the release of p-nitrophenol hydrolysed from p-nitrophenyl
phosphate (12.5 mmol/l final concentration) at 37˚C for
30 minutes. Protein determination was performed by the
bicinchoninic acid method on the same cell lysates.35 Osteocalcin release was measured in conditioned Ham’s F12/
DMEM media (1:1) prepared for the last two days of culture
of osteoblasts treated or not with 1,25(OH)2D3. Nascent dog
osteocalcin was determined by a specific radioimmunoassay
(Biomedical Technologies, Stoughton, MA, USA). The detection limit of this assay is 0.5 ng/ml, and 2% charcoal-stripped
FBS contains ,0.1 ng/ml osteocalcin. Determinations were
performed in triplicate for each assay.
Determination of uPA activity, and of IGF-I, PGE 2 , and
LTB 4 levels
uPA activity was determined by the procedure of Leprince
et al.36 This assay determines the activity of uPA by the
hydrolysis of the specific substrate DL-Val-Leu-Arg-p-nitroanilide (Sigma), which releases p-nitroaniline detectable at
405 nm. IGF-I levels were determined by a high sensitivity
enzyme linked immunosorbent assay (ELISA; Diagnostic
Systems Laboratories, Webster, TX, USA) that does not cross
react with insulin. Samples were treated according to the
method described by Mohan et al37 to detect total IGF-I levels.
Internal control studies were performed with the media alone
containing 1% ITS, and values were below the limit of
detection for IGF-I. PGE2 and leucotriene B4 (LTB4) levels
were determined by a highly specific EIA from Cayman
Chemicals (Ann Arbor, MI). The limit of quantification was
15 pg/ml and 5 pg/ml respectively for PGE2 and LTB4. This
ELISA is a very specific assay that does not cross react with
related prostaglandins when tested at saturating concentrations. Determinations were performed in triplicate for each
cell culture preparation.
Statistical analysis
Values are expressed as the mean (SEM). Statistical analysis
was done with the Mann-Whitney U test. Values of p ,0.05
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were considered significant. Only significant values were
included in the figures.

RESULTS
Macroscopic findings
Macroscopic findings for these animals have been reported
previously.30 In brief, osteophytes were seen in 93% of the
condyles of the OA placebo treated group, and their mean
(SEM) width was 4.50 (0.66) mm. Osteophytes were still
present in licofelone treated groups at 93% and 86% in the
dogs treated with 2.5 mg/kg/day and 5.0 mg/kg/day, respectively and their widths were not statistically smaller in the
licofelone treated groups (3.57 (0.56) and 3.86 (0.66) mm,
respectively).30 Cartilage lesions of moderately severe grade
were seen in both condyles and plateaus, with more severe
lesions on the plateaus. Licofelone reduced the size of lesions
significantly on the plateaus of both groups by 39% and 64%
in the 2.5 and 5.0 mg/kg/day groups, respectively (p,0.05
and p,0.04, respectively compared with the OA placebo
treated group).30
Phenotypic markers of osteoblasts
Osteoblasts from all groups of dogs had normal microscopic
appearance. The level of basal alkaline phosphatase activity
in primary dog osteoblasts was not increased significantly in
response to 1,25(OH)2D3 treatment (fig 1), a situation
previously observed with dog osteoblasts.15 Licofelone failed
to alter this activity under either basal or 1,25(OH)2D3
induction. In contrast, treatment with 1,25(OH)2D3 stimulated osteocalcin release from relatively low basal levels in all
groups (fig 2); however, licofelone did not significantly alter
osteocalcin release compared with placebo. There was a
tendency for the 2.5 mg/kg/day group to show higher levels
of 1,25(OH)2D3 induced osteocalcin release, but this failed to
reach significance.
Osteoblasts uPA activity, and IGF-I, PGE 2 , and LTB 4
levels
We previously showed that uPA activity is already increased
in osteoblast cell cultures (Ob) from experimental dogs with

Figure 1 Evaluation of alkaline phosphatase activity of in vitro
osteoblasts after in vivo treatment with placebo or with 2.5 mg/kg or
5.0 mg/kg licofelone daily for eight weeks of dogs with OA. Confluent
primary osteoblasts were incubated for their last two days of culture with
Ham’s F12/DMEM containing 2% charcoal treated FBS in the presence
or absence of 50 nM 1,25(OH)2D3. Alkaline phosphatase activity
was determined by the hydrolysis of p-nitrophenyl phosphate into
p-nitrophenol. Values are the mean (SEM) of seven cell cultures for
each experimental group. No statistical differences were seen between
the groups.
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Figure 2 Evaluation of osteocalcin release of in vitro osteoblasts after in
vivo treatment with placebo or with 2.5 mg/kg or 5.0 mg/kg licofelone
daily for eight weeks of dogs with OA. Confluent primary osteoblasts
were prepared with the same experimental protocol as in fig 1.
Osteocalcin release was determined on aliquots of conditioned media by
radioimmunoassay. Values are the mean (SEM) of seven cell cultures for
each group. No statistical differences were seen between the groups.

OA compared with controls.15 In vivo licofelone treatment
was able to reduce this in vitro activity in long term culture of
OA Ob by about 50% and 60% for the 2.5 and 5.0 mg/kg/day
groups, respectively (fig 3). Likewise, licofelone reduced total
IGF-I synthesis in these cells by 30% and 50% for the 2.5 and
5.0/mg/kg/day groups, respectively (fig 4). PGE2 levels were
still very high in the placebo group despite long term in vitro
Ob, and licofelone reduced these levels significantly. Indeed,
both doses of licofelone also had a profound effect on PGE2
production, especially in the 2.5 mg/kg/day group where it
reduced PGE2 production by about 80% (fig 5). In contrast
with PGE2, LTB4 levels were very low in the placebo group
(28.6 (2.6) pg/mg protein) and remained unchanged in
response to licofelone treatment (25.9 (10.2) and 39.4
(3.0) pg/mg protein for the 2.5 and 5.0 mg/kg/day groups,
respectively). The reduction in uPA activity, IGF-I, and PGE2
levels was paralleled by the reduction seen in the size of the
lesions of the plateaus in these dogs (fig 6). Indeed, licofelone
reduced the size of plateaus by about half in both groups;
however, the difference between these two groups was not
statistically significant.

Figure 3 Evaluation of urokinase plasminogen activator (uPA) activity
in dog osteoblasts. Dogs were treated with placebo or with 2.5 mg/kg
or 5.0 mg/kg licofelone for eight weeks before the preparation of
primary osteoblast cell cultures. Confluent primary dog osteoblasts were
incubated for their last two days of culture in the presence of Ham’s F12/
DMEM without serum containing 1% ITS mix. uPA activity was
determined on aliquots of conditioned media using a chromogenic
substrate. Values are the mean (SEM) of seven cell cultures for each
group.
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Figure 4 Evaluation of insulin-like growth factor-I (IGF-I) levels in dog
osteoblasts. The same experimental protocol as in fig 3 was performed.
IGF-I levels were determined by a selective ELISA. Values are the mean
(SEM) of seven cell cultures for each group.

Figure 5 Evaluation of prostaglandin E2 (PGE2) levels in dog
osteoblasts. The same experimental protocol as in fig 3 was performed.
PGE2 was determined on aliquots by a selective ELISA. Values are the
mean (SEM) of seven cell cultures for each group.

DISCUSSION

The fact that licofelone did not modify any of these
activities indicates that this drug does not modify the
osteoblast phenotype, a situation also observed with another
NSAID, carprofen.15 Indeed, neither alkaline phosphatase
activity nor osteocalcin release from OA dog osteoblasts
was modified compared with normal dog osteoblasts or
after carprofen treatment in this last study . This observation with the in vivo dog model of OA is different, however,

As we previously showed that licofelone reduced the
progression of experimental OA in our dog model,30 we
wanted to determine whether this new combined inhibitor of
5-LO and COX might influence osteoblasts from the
subchondral bone plate and grown in in vitro culture. As
this technical approach requires long term culture of these
cells and we could expect a washout of the drug, it is
noteworthy that licofelone could still exert an effect in vitro
under these conditions. This indicates that either the drug
itself has a long half life in vivo as well as in vitro, or that the
effects it initiated in vivo in the bone tissue were carried over
into in vitro experiments. This is similar to the observation
we previously made in this same experimental OA dog model
with another non-steroidal anti-inflammatory drug (NSAID),
carprofen.15 Both studies suggest that osteoblasts are intimately involved in the development/progression of OA, and
that any intervention that modifies abnormal bone cell
metabolism under these conditions could contribute to
preventing the onset or reducing the progression of OA. In
this animal model of OA, morphological subchondral bone
changes were observed consistent with altered bone remodelling. Indeed, the bone surface and trabecular width
were reduced compared with normal dog bone tissues,
whereas the number of osteoclasts per mm2 was raised in
OA bone tissue compared with normal. Licofelone treatment
of dogs with OA significantly improved all these measures
(manuscript in preparation).
Because licofelone was very effective and is a combined
inhibitor of 5-LO and COX, this raises the possibility that
both pathways may be involved in the onset/progression of
OA. This last hypothesis is reinforced by our recent
observation that both PGE2 and LTB4 levels are raised in
human OA subchondral osteoblasts, and that licofelone
reduced the synthesis of both eicosanoids in in vitro
experiments.23 Moreover, the observation that chronic reduction of PGE2 synthesis by COX-2 inhibition in human OA
subchondral osteoblasts leads to increased LTB4 synthesis
argues in favour of both pathways being involved in this
process.23
Our study indicated that licofelone had no adverse effects
on cell proliferation or differentiation of osteoblasts as it
did not significantly modify either alkaline phosphatase
activity or osteocalcin release. The lack of effect of
1,25(OH)2D3 on alkaline phosphatase activity is specific for
dog osteoblasts as this activity is usually stimulated by
1,25(OH)2D3 treatments in other osteoblast-like cells.4 5 33 34
We previously observed similar behaviour of dog osteoblasts
in vitro.15 However, this situation is not related to a lack
of response to 1,25(OH)2D3 because osteocalcin release,
which is strictly dependent on 1,25(OH)2D3 induction in
osteoblasts,38 was stimulated by vitamin D in this study.

Figure 6 Relationship between the size (surface, mm2) of macroscopic
lesions on the tibial plateau and uPA activity, IGF-I or PGE2 levels in dog
osteoblasts from dogs treated with placebo or with 2.5 mg/kg or
5.0 mg/kg licofelone daily for eight weeks before the preparation of
primary osteoblasts. Individual values for uPA activity are derived from
fig 3, IGF-I from fig 4, and PGE2 from fig 5. Values are the mean (SEM)
of seven cell cultures for each group.
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from the situation with human OA subchondral osteoblasts,
which show increased alkaline phosphatase activity and
osteocalcin release compared with normal.4 5 This may be
related to the naturally occurring disease state in humans
as opposed to its induction in the experimental OA dog
model.
In contrast, uPA activity and IGF-I levels were raised in in
vitro osteoblasts isolated from this experimental OA dog
model. We previously showed similar data for OA dog
osteoblasts compared with normal dog osteoblasts,15 a
situation also similar to that observed in human OA
subchondral osteoblasts, indicating that these metabolic
modifications are important pathways in disease progression. This is further indicated by the fact that licofelone
caused a decrease in both uPA activity and IGF-I levels,
reducing them to levels similar to those seen in normal
dog osteoblasts.15 The effect of licofelone on uPA activity
and IGF-I levels may be related to its reduction of PGE2
levels. Indeed, we39 and others40 previously showed that
PGE2 can regulate IGF-I synthesis in osteoblasts, whereas
its effect on uPA activity was never assessed. The observation that the modifications of both uPA and IGF-I follow the
inhibition of PGE2 synthesis observed with licofelone
suggests a possible link between uPA and PGE2. However,
this will have to be tested directly. Abnormal bone remodelling in OA may be linked to altered IGF-I levels in OA
bone tissue and osteoblasts,4 5 and its relationship with the
uPA/plasmin system.5 Indeed, raised IGF-I levels are found in
OA bone tissue even at sites distant from weightbearing
joints,21 and raised IGF-I levels have been associated with
knee OA.41
LTB4 levels were very low in dog Ob under the present
experimental conditions and licofelone treatment could not
modify them. This is probably due to a rapid down regulation
of leucotriene synthesis in dog osteoblasts when they are
kept in in vitro cell culture as in this study. Hence, it is
difficult to assess the long term effect of licofelone on LTB4
production in this in vitro cell model. However, our group
previously showed in the experimental OA dog model
that licofelone reduced both PGE2 and LTB4 levels in the
synovial fluid of these animals.30 Moreover, we showed
that licofelone reduced both PGE2 and LTB4 levels in
human OA subchondral osteoblasts in vitro.23 The observation that at the same time as licofelone reduced plateau size
and other indicators of OA progression in vivo30 it also
reduced uPA activity, IGF-I, and PGE2 levels in in vitro dog
Ob suggests a link between these events. The exact
mechanism(s) responsible for this link is presently unknown
but most certainly involves the regulation of PGE2 and LTB4
synthesis. Lastly, the absence of effect of licofelone on
osteophytes in OA dog knee joints might be linked to the
mechanisms responsible for their formation. Increased
transforming growth factor b (TGFb) levels have been linked
with osteophyte formation in animal models of OA,42–44 and
TGFb levels are raised in human subchondral bone tissue
explants45 and in bone explants from non-weightbearing
sites.21 As licofelone is a specific inhibitor for 5-LO and COX-I/
COX-II, it may not be able to modulate in vivo TGFb levels in
dogs with OA, and hence could not directly influence
osteophyte formation.
In conclusion, we showed that in vivo treatment with
licofelone of experimental dogs with OA exerts a positive
effect on a number of the metabolic alterations seen in
osteoblasts isolated from these animals. Notwithstanding the
long term cell culture time required, licofelone specifically
reduced PGE2 levels, which in turn could influence IGF-I
levels and, possibly, uPA activity. However, licofelone had no
adverse effects on growth or phenotypic expression of dog
osteoblasts.
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