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Abstract Intra-articular injection with non-steroidal anti-in-
flammatory drugs (NSAIDs) is used to treat inflammatory joint
disease, but the side effects of NSAIDs include chondrotoxicity.
Hyaluronan has shown positive effects on chondrocytes by
reducing apoptosis and increasing proteoglycan synthesis.
The purposes of this study were to evaluate the effects of low
molecular weight hyaluronan (low MW HA), carprofen
25 mg/ml, carprofen 12.5 mg/ml, and a combination of HA
and carprofen on canine osteoarthritis (OA) articular
chondrocytes and a cartilage explant model in terms of cell
viability, extracellular matrix remaining, and gene expression
after exposure. In chondrocyte culture, MTT assay was used to
evaluate the chondrotoxicity of IC50 and IC80 of carprofen with
HA. In cartilage explant culture, two kinds of extracellular

matrix (uronic acid and collagen) remaining in cartilage were
used to evaluate cartilage damage for 14 d after treatment. Ex-
pression of COL2A1, AGG, and MMP3 was used to evaluate
the synthesis and degradation of the matrix for 7 d after treat-
ment. In chondrocyte culture, lowMWHA could preserve OA
chondrocyte viability but could not reduce the chondrotoxicity
level of carprofen (P<0.05). In explant culture, low MW HA
combined with 12.5 mg/ml carprofen caused less destruction of
uronic acid and collagen structure when compared with the
control (P<0.05). Low MWHA caused high expression levels
ofCOL2A1 and AGG in OA cartilage (P<0.05); HA combined
with carprofen resulted in higherCOL2A1 and AGG expression
levels than carprofen alone.
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Introduction

Osteoarthritis (OA), a degenerative joint disease, is a non-
inflammatory arthritis caused by failure of homeostasis of
joints. Proteoglycan and type II collagen are degraded at the
surface, leading to loss of structural strength of articular carti-
lage due to aggrecanase and matrix metalloproteinases
(MMPs) (Struglics et al. 2006) and decreased type II collagen
and aggrecan integrity (Garnero et al. 2002; Jalbă et al. 2011;
Henrotin et al. 2013). Therefore, type II collagen and proteo-
glycan can be used as biochemical markers of early stage
canine OA (Matyas et al. 2004).

Hyaluronan, or hyaluronic acid (HA), is a glycosaminoglycan
that is a main component in synovial fluid (SF); it possesses
viscoelastic properties, and is produced by articular chondrocytes
and type B synoviocytes (Archer and Francis-West 2003). The
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clinical effect of HA is pain relief and disease-modifying activity
(Goldberg and Buckwalter 2005). Intra-articular injection of HA
has been used for treatment of pain in subjects with severe clin-
ical signs of OA. HA inhibits inflammatory cytokines, MMPs,
proteoglycan, and prostaglandin E2 in synoviocytes and
chondrocytes, and has been reported to suppress IL-1β-
induced MMP production (Wang et al. 2006). HA are capable
of suppressing chondrocyte apoptosis (Takahashi et al. 1999)
and decreasing iNOS gene expression, resulting in alleviation
of nitric acid in the SF of rabbit OA joints (Qiu et al. 2008).

Currently, one of the selective cyclooxygenase-2 inhibitors
(selective COX-2 inhibitors), a non-steroidal anti-inflamma-
tory drug (NSAID) called carprofen, is also used for control-
ling pain, inflammation, and lameness associated with OA
(Ding 2002). The advantages of selective COX-2 inhibitors
are fewer adverse side effects—e.g., on the gastrointestinal
mucosa, renal blood flow, and vascular hemostasis—than
from cyclooxygenase-1 inhibitors (COX-1 inhibitors) which
can destroy eicosanoid function (Hazewinkel et al. 2008).
Many literature reports have shown that carprofen has a strong
anti-inflammatory effect which could inhibit catabolism with-
out cytotoxic effects in vitro. In cartilage explants, it was re-
ported that 100 μg/ml carprofen alone could inhibit the release
of MMP 1, 3, and 13 in cartilage explants stimulated by inter-
leukin-1β, and that no cell death or cell lysis was found when
treated with carprofen (Williams et al. 2013). Moreover,
carprofen significantly increased the rate of glycosaminogly-
can synthesis and inhibited prostaglandin release (Benton et al.
1997). Carprofen alone also significantly decreased glycos-
aminoglycan release and elevated proteoglycan synthesis in
equine cartilage explants (Armstrong and Lees 1999). Some
investigators have used intra-articular injection of NSAIDs for
treatment of OA (Uthman et al. 2003) because they have a
cytotoxic effect on chondrocytes, causing cell death and sup-
pressing chondrocyte proliferation, but these effects are lower
in the case of selective COX-2 inhibitors (Chang et al. 2006).

The purpose of this study was to evaluate the effects of low
molecular weight hyaluronan (low MW HA), carprofen, and
combination of low MW HA and carprofen on canine OA
articular chondrocyte and cartilage explants. MTT assay was
used to assess the chondrotoxicity of OA chondrocytes. Uronic
acid and hydroxyproline were assessed after treatment with
two concentrations of carprofen, with and without HA, for
14 d. Gene expression of some important genes under our
explant culture conditions were estimated after 7 d of treatment.

Materials and Methods

Experimental Design. The experimental design consisted of
OA chondrocyte culture and OA cartilage explant culture, as
shown in Fig. 1. In OA chondrocyte culture, MTT assay was
used to assess the percentage of cell viability after co-treatment

with HA and carprofen. In OA cartilage explant culture, sam-
ples were divided into six experimental groups, as follows:

Control, administered DMEM serum-free media
(control)
Low molecular weight HA 2.5 mg (HA 2.5 mg)
Carprofen 25 mg (CAR 25 mg)
Carprofen 25 mg with HA 2.5 mg (CAR 25 mg+HA)
Carprofen 12.5 mg (CAR 12.5 mg)
Carprofen 12.5 mgwith HA 2.5 mg (CAR 12.5 mg+HA)

All six groups were assessed for cartilage damage based on
uronic acid and hydroxyproline remaining in cartilage, and
gene expression was analyzed by quantitative real-time PCR
(qRT-PCR).

Reagents. Low molecular weight HA 500–730 kDa (TRB
Chemedica, Bangkok, Thailand), 10 mg/ml, was diluted with
DMEM and used at a concentration of 2.5 mg/ml. Carprofen
(Zoetis, Bangkok, Thailand), at a concentration of 50 mg/ml,
was serially diluted with DMEM.

Canine OA Primary Chondrocytes. Canine OA joints with
fibrillation and deeper lesions with surrounding damage
(Cook et al. 2010) were taken from the Veterinary Cadaveric
Unit, Faculty of Veterinary Medicine, Chiang Mai University,
Chiang Mai, Thailand. The joints were dissected by aseptic
technique. The articular cartilage was then sliced into small
pieces, approximately 1–2 mm, and incubated in 10% colla-
genase type II (Gibco, Grand Island, New York, USA) in
Dulbecco’s modified Eagle’s medium (DMEM) (Caisson
Laboratories, Logan, Utah, USA) for 21 h in conditions of
5% CO2, 37°C and 70% relative humidity. After that, the
culture was replaced with growth medium: DMEM supple-
mented with 10% fetal bovine serum (FBS) (Gibco).
Chondrocytes in monolayer culture were incubated in condi-
tions of 5% CO2, 37°C and 70% relative humidity. Growth
medium was changed every 3 d until the end of treatment.
Trypsinization was done to 70–80% confluence.

Canine OA Cartilage Explant Culture. Osteoarthritis carti-
lages were harvested from canine OA joints at the Veterinary
Cadaveric Unit, Faculty of Veterinary Medicine, Chiang Mai
University. Within 6 h after death, joints were dissected and
slices of articular cartilage taken. Articular cartilages of joints
had fibrillation, ulceration and some osteophytes. SF was non-
viscous. Sliced pieces of cartilage were incubated for 24 h in
serum-free DMEM containing 200 U/ml of penicillin and
200 μg/ml of streptomycin (Gibco). After incubation, three
pieces of cartilage weighing ∼30–35 mg/well were plated in
24-well plates and cultured with 1 ml of serum-free DMEM
before treatment. Cartilage explant cultures were maintained
at 5% CO2, 37°C and 70% relative humidity. Samples were
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divided into six experimental groups; all experiments were
performed in triplicate. After treatment for 14 d, cartilage ex-
plant samples were collected to measure uronic acid, hydroxy-
proline remaining in cartilage, and gene expression.

Percentage of Cell Viability by Cytotoxic Assay. Canine artic-
ular chondrocytes in passages 2–4 were collected and mea-
sured for viability of cells using MTT assay. Briefly,
chondrocytes were grown at a density of 10,000 cells/well in
96-well plates and cultured in growth medium for 24 h. After
that, cells were treated with twofold dilutions of carprofen in
triplicate, including 25, 12.5, 6.25, 3.12, 1.5, 0.78, 0.39, 0.2,
0.1, and 0.05 mg/ml. After incubation for 24 h, treated cells
were washed with PBS and cultured for 4 h in new culture
media, i .e . , DMEM with 5 mg/ml MTT (3,[4,4-
dimethythiazol-2-yl]-2,5-diphenyl-tetrazolium bromide).
Then dimethyl sulfoxide (DMSO) 100 μl/well was added
(Denizot and Lang 1986) and shaken for 5 min before mea-
suring the absorbance at 540 nm using a microplate reader.

Cell viability of samples was calculated as follows:

% Cell viability ¼ Absorbance of sample
=Absorbance of control� 100

The 50% inhibitory concentration (IC50) and 80% inhibi-
tory concentration (IC80) were calculated from a logarithmic
graph. The IC50 and IC80 of carprofen combined with 5 mg/ml
HAwere used to evaluate cell viability by MTT assay.

Uronic acid remaining in cartilage. Uronic acid (glucuronic
acid or iduronic acid) is a component of repeating units in
glycosaminoglycan and glycosaminoglycan chains, and is at-
tached to a protein core by covalent bonds to form proteogly-
cans (Esko et al. 2009). Uronic acid levels remaining in treat-
ed cartilage samples were measured by colorimetric assay
(Blumenkrantz and Asboe-Hansen 1973). A piece of treated
cartilage was immersed in 200 μl of papain 2 units at 60°C for
48 h. Five microliter of papain-digested cartilage culture me-
dia was pipetted into 45 μl of distilled water. Sixty microliter

of diluted sample and standard (m-hydroxydiphenyl in
glucuronic acid lactone) were combined with 300 μl of re-
agent A (0.025 M Na2B4O7 in concentrated sulfuric acid) at
100°C for 15 min and then cooled down to room temperature.
Next, 12 μl of reagent B (50 mg carbazole in 40 ml absolute
ethanol) was added and the mixture kept at 100°C for 15 min.
Each sample and standard (150 μl/well) was placed in a 96-
well plate and the absorbance of the pink color was measured
at 540 nm by a microtiter plate reader.

Hydroxyproline Remaining in Cartilage. A total volume of
100μl of papain-digested cartilage culturemedia was combined
with 12 N HCl and incubated for 24 h at 60°C, to hydrolysis.
The pH was adjusted to pH 7 by adding 6 N NaOH. The sam-
ples were then diluted 40-fold by adding distilled water. Fifty
microliter of each diluted sample was added to 100 μl of oxi-
dizing solution (50 mM chloramine T) at 25°C for 5 min; then
100 μl of Ehrlich’s reagent (7.5% dimethylaminobenzaldehyde
in propan-2-ol) (Kolar 1990) was added at 60°C for 45 min,
causing pink color production. The absorbance of the pink color
of samples and hydroxyproline standard was read at 540 nm
using a microtiter plate reader.

Gene Expression by qRT-PCR. RNA from each group of car-
tilage explants treated for 7 d was extracted using an innuPREP
DNA/RNAMini Kit. Then, complementary DNA (cDNA)was
synthesized by Tetro reverse transcriptase enzyme; 10 mM
oligo (dT) was used in a total reaction volume of 20 μl. Gene
expression of collagen type II alpha 1 (COL2A1), aggrecan
(AGG), and matrix metalloproteinase-3 (MMP-3) were
assessed compared with glyceraldehyde-3-phosphate dehydro-
genase (GAPDH), a housekeeping gene, using 2x SensiFAST
SYBR® No-ROX Mix 10 μl, 10 μM forward and reverse
primer 0.3 μl each, and cDNA 3 μl; the relative expression
was calculated using a comparative threshold cycle from the
2−ΔΔCTmethod (Heid et al. 1996; Livak and Schmittgen 2001).

Statistical Analysis. Cell viability and relative expression of
COL2A1, AGG, andMMP3 genes were compared in terms of

Figure 1. Experimental study
design, in brief.
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means and standard deviation (SD) using one-way analysis of
variance (ANOVA). Statistical analysis of uronic acid and
hydroxyproline remaining in cartilage was performed by Stu-
dent’s t test. SPSS software was used for all analyses; a value
of P<0.05 was considered significant.

Results

Cytotoxicity of Carprofen on Canine OA Articular
chondrocytes. Cell viability percentages of cells treated with
twofold dilutions of carprofen are shown in Fig. 2. The per-
centage of cell viability for the lowest concentration of
carprofen, 5 mg/ml, was 101.14±14.71%, compared with
the control group (non-treated) cell viability percentage of
100±4.23%. Cell viability decreased sharply beginning with
a very low concentration of 0.39 mg/ml carprofen (56.88±
1.44%), and then decreased gradually with increasing doses,
from 1.5 to 25 mg/ml, of carprofen. At the highest concentra-
tion of carprofen, 25 mg/ml, cell viability was reduced to
approximately 5%. IC50 and IC80, as calculated from the graph
plot, were 0.62 and 0.12 mg/ml, respectively.

HA Combined with Carprofen at IC50and IC80. The cell via-
bility of chondrocytes was compared among the study groups.
The group treated with 5 mg/ml HA alone showed no signif-
icant difference from the control (P<0.05). At both IC50 and
IC80 of carprofen alone, cell viability significantly decreased
(P<0.05) compared with the control. Moreover, for treatment
with HA combined with IC50 or IC80 of carprofen, there was
no significant difference between the groups of carprofen
treatment alone, at P<0.05 (Fig. 3).

Uronic Acid Remaining in Cartilage. After OA cartilage ex-
plant cultures were treated under the various conditions men-
tioned above, the levels of uronic acid remaining in articular
cartilage were measured. The average amounts of uronic acid
(one of the repeating units in glycosaminoglycan) remaining

in cartilage from each group were as follows: control 0.85±
0.04 μg/mg; HA 2.5 mg 0.81±0.06 μg/mg; CAR 25 mg 0.69
±0.03 μg/mg; CAR 25 mg+HA 0.66±0.01 μg/mg; CAR
12.5 mg 0.81±0.01 μg/mg; and CAR 12.5 mg+HA 0.87±
0.19 μg/mg. There was no significant difference between con-
trol and HA 2.5 mg, CAR 25 mg and CAR 25 mg+HA, or
CAR 12.5 mg and CAR 12.5 mg+HA. The uronic acid level
of CAR 12.5 mg+HA was close to that of control and was
significantly higher than CAR 25 mg+HA (P<0.05), as
shown in Fig. 4.

Hydroxyproline Remaining in Cartilage. Hydroxyproline is a
marker for collagen production by chondrocytes remaining
in cartilage (Fig. 5). Our results showed average hydroxy-
proline remaining in cartilage of the following: control
0.275±0.018 μg/mg; HA 2.5 mg 0.260±0.021 μg/mg;
CAR 25 mg 0.218±0.012 μg/mg; CAR 25 mg+HA 0.212
±0.003 μg/mg; CAR 12.5 mg 0.261±0.012 μg/mg; and
CAR 12.5 mg+HA 0.274±0.051 μg/mg. Similar to the re-
sults for uronic acid remaining in cartilage, there was no
significant difference between control and HA 2.5 mg,
CAR 25 mg and CAR 25 mg+HA, or CAR 12.5 mg and
CAR 12.5 mg+HA. The average amount of hydroxyproline
remaining in cartilage for CAR 25 mg and CAR 25 mg+HA
was significantly lower compared with control, while CAR
12.5 mg+HAwas significantly higher than CAR 25 mg and
CAR 25 mg+HA.

Gene Expression. Relative gene expression of two extracellu-
lar matrix genes and one protease gene, COL2A1, AGG, and
MMP3, are shown in Fig. 6. Expression level ofCOL2A1 after
treatment with HA 2.5 mg was significantly higher than for
CAR 25 mg at P<0.05. Similarly, the expression of the AGG
gene was significantly up-regulated in the HA 2.5 mg-treated
group compared with the other groups (P<0.001). Addition-
ally, the expression level ofMMP3 tended to decrease in HA-
treated groups compared with control and with groups treated
with the same concentration of carprofen alone. Notably, ex-
pression levels of COL2A1 and AGG were slightly increased

Figure 2. Cell viability after
treatment with various dilutions
of carprofen (25, 12.5, 6.25, 3.12,
1.56, 0.78, 0.39, 0.2, 0.1, and
0.05 mg/ml) for 24 h. Cell
viability (%) of chondrocytes was
evaluated by MTT assay.
Increased carprofen concentration
had a negative correlation with
cell viability (%).
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in the groups exposed to carprofen combined with HA com-
pared with groups treated with carprofen alone, while a con-
trary result was found for the MMP3 gene.

Discussion

In chondrocyte culture, MTT assay was used to assess the met-
abolic activity of live cells to evaluate the direct effects of
carprofen, HA, and carprofen combined with HA on
chondrocytes in OA joints. The normal concentration of HA
in SF in the diarthrodial joint is 0.5–4.0 mg/ml (Laurent and
Fraser 1992; Ghosh and Guidolin 2002). In this study, 5 mg/ml
HA (50% stock solution) was used to imitate injection of HA
into OA joints to reduce chondrotoxicity when combined with
carprofen. The results indicated that cell viability tended to have

a negative correlation with concentration of carprofen; and at
more than 0.09mg/ml, carprofen could cause chondrocyte death
in chondrocyte monolayer. The highest concentration, 25mg/ml
carprofen, caused cell death approximately 18 times more often
compared with the control. HA alone significantly preserved
chondrocyte survival, a performance nearly comparable to the
control group (P<0.05); this was similar to the results of a pre-
vious study showing that HA of molecular weight 500–730 kDa
decrease nitric oxide-induced apoptosis of rat chondrocytes by
modulation of protein kinase Cα (Peng et al. 2010). However, in
this study, HA could not reduce the chondrotoxicity of IC50 and
IC80 of carprofen (P<0.05). Similarly, our preliminary study
showed that 2.5mg/mlHA could not reduce the chondrotoxicity
of a 5% stock dilution of carprofen in human articular
chondrocytes (P<0.05) (data unpublished).

In OA cartilage explant culture, measurements of the levels
of two matrix markers, uronic acid and collagen, are able to

Figure 3. The % cell viability in
the HA 5 mg/ml and control
groups was significantly higher
than the % cell viability in groups
administered carprofen 0.12 and
0.62 mg/ml, with and without HA
(different superscripts a,b indicate
a significant difference at
P<0.05).

Figure 4. Box plot showing the
median amount of uronic acid
remaining in canine cartilage
explant groups after 14 d of
culture under three concentration
(25 and 12.5 mg/ml) of carprofen,
with or without HA (2.5 mg/ml).
Boxes indicate the interquartile
range 25th−75th percentile; the
bold line in the box represents the
median value, with non-outlier
maximum and minimum levels.
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indicate the amount of cartilage damage after treatment. Uronic
acid is a component of glycosaminoglycan and proteoglycan in
articular cartilage. Collagen structure can be evaluated by hy-
droxyproline remaining in cartilage because hydroxyproline is
a non-proteogenic amino acid, produced by proline hydroxyl-
ation, and is a major component in collagen. In this study, the
trend of the results of uronic acid remaining in cartilage was
similar to those of hydroxyproline remaining in cartilage. HA
can preserve uronic acid and collagen structure. Over 14 d of
treatment, there was less destruction of uronic acid and collagen
structure from CAR 12.5 mg with and without HAwhen com-
pared with the control. However, both CAR 25 mg and CAR
12.5 mg had severe adverse effects on OA chondrocytes. These
effects may be from chondrocytes contact with the drug directly
and can cause severe effects on cell death more than in explant
culture. Chondrocytes are located in the lacunae and are
protected by the surrounding cartilage matrix.

The level of sulfated-glycosaminoglycans, which are re-
leased into culture media from damaged cartilage explants,
was measured, while lactate dehydrogenase assay (LDH as-
say) was used to determine the activity of the enzyme lactate
dehydrogenase, an indicator of cell apoptosis and cell viability
(Terauchi et al. 2003). Both of these methods can be used to
evaluate cartilage damage, but unfortunately, we were unable
to obtain any results because the dilution of carprofen inter-
fered with the results of colorimetric assays, leading to non-
interpretation of results in this experiment. However, this did
not interfere with the measurement of uronic acid and hy-
droxyproline remaining in cartilage. An important limitation,
however, is that histopathological evaluation of cartilage ex-
pansion (HE staining and Safranin-O staining) was not

performed, due to the limited number of cartilage samples.
Articular cartilage harvested from OA joints was dramatically
lower in volume than that harvested from normal cartilage.
Because the amount of cartilage used in this study was very
limited, we had to choose the assessment effects of these drugs
based on cartilage yield. We decided to measure uronic acid,
hydroxyproline remaining in cartilage, and gene expression
because the results would be more objective than
histopathology.

COL2A1 and AGG are cartilage matrix-specific genes
which have important functions in the anabolic pathway of
articular cartilage. Type II collagen serves as a major cartilage
tissue stabilizer and comprises approximately 90% of articular
cartilage (Aigner et al. 2001). The COL2A1 gene provides
instructions to produce the pro-alpha 1 (II) chain and encode
the alpha-1 chain of type II collagen in the cartilage matrix.
Several previous studies have investigated the relationship
between COL2A1 gene expression and osteoarthritis (Fukui
et al. 2008; Mu et al. 2009; Brew et al. 2010). AGG encodes a
large chondroitin sulfate proteoglycan which acts as a core
protein that interacts with glycosaminoglycans and HA
(Jayasuriya and Chen 2012). The breakdown of proteoglycans
and collagen in the cartilage matrix is thought to be primarily
due to the action of proteolytic enzymes in the MMP family.
MMP-3 can stimulate otherMMPs in the family, thus playing
an important role in articular cartilage degradation.MMP-3 in
both mRNA expression and enzymatic activity has been
found to be up-regulated in early OA (Okada et al. 1992;
Jayasuriya and Chen 2012).

The present experiment is an in vitro model of grade II/grade
III OA from OA joints. Consistent with the biochemical

Figure 5. Box plot showing the
median amount of
hydroxyproline remaining in
canine cartilage explant groups
after 14 d of culture under three
concentration (25 and
12.5 mg/ml) of carprofen, with or
without HA (2.5 mg/ml).
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evidence, i.e., matrix marker levels, lowMWHA influences the
mRNA levels of anabolic and catabolic genes. Of these, two
anabolic genes, COL2A1 and AGG, were significantly up-
regulated in the HA treatment groups, whereas one of the key
catabolic genes,MMP3, which encodes a matrix-degrading en-
zyme, tended to be down-regulated in the groups exposed to
HA. This may be advantageous when combined with carprofen
12.5 mg in the case of severe pain in OA because it induces
more COL2A1 and AGG expression but does not destroy the
structure of cartilage, especially uronic acid and collagen.

This study chose low molecular weight HA to determine
the effects in an in vitro OAmodel by its properties. In a rabbit

OAmodel, HA injection (in a molecular weight range of 500–
1000 kDa) into joints was able to restore the rheological prop-
erties of SF because this molecular size can penetrate through
synovial tissue to promote synovial fibroblasts to synthesize
new molecules of HA (Coleman et al. 2000; Ghosh and
Guidolin 2002). Previous in vitro studies showed that low
molecular weight HA the positive effects on articular
chondrocytes: HA of molecular weight 800 kDa activated
proliferation and matrix synthesis in immature rabbit
chondrocytes (Kawasaki et al. 1999); HA ofmolecular weight
500–730 kDa was reduced anti-Fas-induced apoptosis
(Lisignoli et al. 2001) and inhibited the inflammation media-
tor interleukin-1 that is induced by superoxide anions in
chondrocytes (Fukuda et al. 1997).

Several previous studies have reported the positive effects
of a combination of HA treatment together with NSAID to
reduce their toxicity. HA can inhibit NSAID-expedited MMP
production followed by inflammatory cytokines in rabbit
chondrocytes. HAwas also determined to reduce acceleration
ofMMP production by indomethacin and celecoxib in a rabbit
OA model (Hashizume and Mihara 2009). Another study
found that high molecular weight HA injection was necessary
for treatment of early stage OA to reduce cartilage degenera-
tion by loxoprofen administered orally in a rabbit OA model
(Mihara et al. 2007). This study is the first report to assess the
effects of a combination of low MW HA and carprofen on
canine OA articular cartilage in vitro and to evaluate its po-
tential before use in an animal model. Further study is required
concerning the effective dose and duration of carprofen injec-
tion when combined with low molecular weight HA in an
animal model to relieve pain and inflammation in joints and
also to protect chondrocyte viability, while having no adverse
effects on cartilage structure.

Conclusions

In an in vitro model of canine osteoarthritis, low MWHA can
preserve chondrocyte survival, protect against damage of ar-
ticular cartilage, and stimulate COL2A1 and AGG expression.
In combination with carprofen, lowMWHA could not reduce
the chondrotoxicity of carprofen. In cartilage explant culture,
low MW HA combined with 12.5 mg carprofen did not de-
stroy the cartilage matrix, especially uronic acid and collagen.

Acknowledgments This study was supported by the 50th CMU Anni-
versary Ph.D. program and the Faculty of Veterinary Medicine, Chiang
Mai University. The authors are also grateful for research funding from
the Chiang Mai University (CMU) through the research administration
office provides budget to our Excellence Center in Osteology Research
and Training Center (ORTC). We gratefully thank the Thailand Excel-
lence Center for tissue engineering and stem cells, Department of Bio-
chemistry, Faculty of Medicine, Chiang Mai University for their kind
support.

Figure 6. Relative expression ofCOL2A1, AGG, andMMP3 genes after
treatment of six experimental groups for 7 d. The light bars denote the
control group and the dark bars denote the treatment groups. * and **
denote P values≤0.05 and≤0.001, respectively. Bold “a” indicates a
significant difference compared with all groups. All values are
presented as mean±SEM (n=3).
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