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ABSTRACT: Cartilage samples were taken from OA patients in order to describe and quantify pro-inflam-
matory mediators. Samples were cultured under aseptic conditions in Dulbecco’s modified Eagle medium at
37°C for 10 days. Control samples, taken from non-inflammatory cartilage, were cultured under the same
conditions. The levels of NO-

2
 and NO-

3 
were measured in the supernatant using a spectrophotometric assay.

The activity of MMP-1 was quantified by ELISA.
The concentration of NO-

x 
 was 47.3 ± 4.1 µM in the OA cartilague and 10.7 ± 1.8 µM in the controls.

The average MMP-1 activity was 3,650 ± 387 ng/ml in the OA cartilage and 2,150 ± 190 ng/ml in the control
samples. These increased values of MMP-1 and NO-

x 
observed in the OA cartilage suggest a higher catabolic

activity.
A morphological analysis of OA chondral tissue using light microscopy shows that the surface of the

tissue is characterized by the presence of aggregated chondrocytes or “clones” but in the deeper areas iso-
lated cells are found.

These results could be a significant contribution towards the identification of biological markers indi-
cating the presence of OA activity.
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Introduction

Osteoarthritis (OA) is a chronic, degenerative dis-
ease of the articular cartilage. It is the result of a chain
of events that involves mechanical and biological pro-
cesses of the muscle-bone system that destabilize the
equilibrium of chondral synthesis and degradation.

Growth factors and cytokines generated in the syn-
ovial membrane and which diffuse throughout the car-
tilage via the synovial fluid (Pelletier et al., 1993), have
an important role in the characteristic alterations
caused by OA. Among these factors, the alpha -tumoral
necrosis factor (TNF-α) and the beta-interleukin IL-1
are found unchain the inflammatory process (Martel-

Pelletier et al., 1999; Fernandes et al., 2002). Other
important factors involved are IL-8, a potent
chemotaxic for polimorphonuclear neutrophils (PMN),
the leukemia inhibitory factor (LIF), IL-6, IL-11 and
IL-7, all of which are responsible for the “induction”
of metalloproteases (collagen, stromelysin) and for the
increase in nitric oxide (NO) production. The increase
of this last catabolic factor is due to chondrocyte-spe-
cific inducible NO synthase (iNOS) and causes the
increase of metalloproteinases and the decrease of
glycosaminoglicans (GAGs), thus augmenting the ca-
tabolism of OA articular cartilage. (Amin and
Abramson, 1998). Both pro-inflammatory cytokines
and metalloproteinases not only stimulate their own
production but also the activity of osteoclasts
(Abramson et al., 2000; Martel-Pelletier et al., 1994;
Chevalier, 1997; Tetlow et al., 2001).

Native articular cartilage is organized in distinct
areas that are clearly evidenced because they are formed
by cells of different morphological and mechanical prop-
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erties. This particular organization is important for the
articular cartilage to have a normal physiological
behaviour. Chondrocytes are responsible for develop-
ing and maintaining the cartilage structure in areas par-
allel to the articular surface.  In OA cartilage these prop-
erties are altered.

It is still necessary to study different aspects of the
pathogeny of OA in order to be able to fully understand
the natural development of this disease. Therefore, the
aim of this study was to describe histopathological
changes and quantify some pro-inflammatory factors
in patients suffering from OA.

Material and Methods

Cartilage samples

Cartilage samples were obtained when joint re-
placement surgery was being undertaken in patients with
OA, who fulfilled the American College of Rheumatol-
ogy criteria for this disease (Altman et al., 1986). These
experiments were performed in accordance with a pro-
tocol approved by the Committee of Ethics of the Hos-
pital de Clínicas. A written consent was signed by all
patients authorising the use of their tissues for this re-
search. Cartilage samples taken from a group of 8 sur-
gical patients with traumatic articular injury were used
as controls. The size of the samples extracted was of
approximately 5 x 3 mm.

Cartilage culture

Cartilage samples were washed in calcium- and
magnesium-free phosphate buffered saline (DPBS) and
finely ground. Chondrocytes were obtained by digest-
ing the articular cartilage with 0.2% pronase (Sigma,
St. Louis, MO, USA) for 1 h, followed by digestion with
0.2% clostridia collagenase (Sigma) for 3 h at 37°C in
high-glucose Dulbecco’s modif ied Eagle medium
(DMEM; Life Technologies, Rockville, MD, USA) con-
taining an antibiotic–antimycotic solution (100 U/ml
penicillin, 100 µg/ml streptomycin, and 0.25 µg/ml
amphotericin B; Life Technologies). After removing
undigested cartilage with a 70 µg nylon mesh (Cell
Strainer; Falcon, Franklin Lakes, NJ, USA), the
chondrocytes were collected by centrifugation, washed
twice and then resuspended in the DMEM medium with
10% fetal bovine serum (FBS; Life Technologies). Fi-
nally, they were plated in 100-mm tissue culture dishes
for expansion at 37°C in a 5% CO

2 
humidified atmo-

sphere for 10 days (Schell-Lab Oregon USA). Every 2
days the medium was removed and stored at -20ºC until
the corresponding chemical determinations were under-
taken.

NO-
x
 assay

NO release was estimated from the amounts of
nitrite (NO-

2
) and nitrate (NO-

3
) present in the incu-

bation medium. NO
3
- was calculated by first reduc-

ing it to NO-
2
 in the presence of Cd (Cortas and

Wakid, 1990) and then NO-
2
 was determined by a colo-

rimetric assay based on the Griess reaction (Green,
1982) (Metrolab 1600, Argentina).

Metalloproteinase-1 assay

The concentration of MMP-1 in the supernatant of
the cell cultures was determined using specific ELISA
(Amersham Biosciences).

Protein assay

Proteins were quantified using bicinchonic acid
(Hill and Straka, 1988).

FIGURE  1. NO-

x
 
.  The levels of stable metabolites of

nitric oxide (NO) were measured in culture superna-

tants using the Griess reaction, and are expressed

as µM. Bars represent the mean ± SEM. OA: osteoar-

thritic sample; C: control sample. * indicates signifi-

cant difference, p<0.001, n=8.
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Anatomopathological analysis

For the anatomo-pathological analysis cultured car-
tilage fragments were placed in 5% formaldehyde.
Samples were dehydrated with increasing concentrations
of alcohol and finally embedded in paraffin. Sections
were then stained with hematoxylin-eosin (H/E).

Statistical analysis

The results are expressed as the mean ± standard
error. Data were analysed with the unpaired t-test. A p-
value <0.05 was considered significant.

Results

1. NO-
x

Figure 1 shows the total concentrations of NO dur-
ing the 10 days of culture (pooled data from days 2, 4,
6, 8 and 10). The mean concentration of NO-

2
 plus NO-

3  
(NO-

x
) from samples of patients with OA (47.3 ± 4.1

µM) was significantly different (p<0.001) from the con-
trol samples (10.7 ± 1.8 µM).

2. Collagenase concentration

Figure 2 shows the total concentrations of MMP-1
during the 10 days of culture (pooled data from days 2,
4, 6, 8 and 10). The concentration of MMP-1 in OA
cartilages was of 3,650 ± 387 ng/ml, significantly higher
(p<0.001) than the concentration found in the control
samples (2,150 ± 190 ng/ml).

3. Morphological characteristics

Histological evaluation of control cartilage slices
confirmed that samples had been taken from the upper,
middle, and lower areas of the cartilage block. The up-
per area had the highest cellular content, followed by
the middle area and then the lower area. Cells of the
upper area were smaller than those of the middle and
lower areas. The cells of the articular surface of the up-
per area were either flattened or ellipsoidal and were
parallel to the surface. The cells in the lower area were
larger in volume and were arranged in groups of 2-8
cells (clones) (Fig. 3). These “clones” of aggregated
chondrocytes are typical of OA and are more frequently
found in the upper superficial layers of the culture (Fig.
4). They have characteristic large euchromatic nuclei
and appear in lacuna areas. However, neither the mecha-
nism nor the sequence of their formation has yet been
elucidated.

Discussion

Our laboratory has performed previous studies us-
ing chondrocytes from patients without an inflamma-
tory pathology. We have observed that the addition of
IL-1 “in vitro” causes significant changes in the gen-
eration of adhesion molecules, particularly in enzymes
such as metalloproteases and in pro-inflammatory fac-
tors such as NO, thus verifying that interleukines are
important in the changes that take place in chondral
cultures ( Brizuela et al., 2000).

In the present work we have been able to observe
that cultures of chondrocytes extracted from OA patients
are characterised by the presence of cell populations
with morphological differences. In accordance to the
classification proposed by Kouri et al. (1996) for dif-
ferent types of chondrocytes, in OA cultures we have
been able to describe the presence of “clones” in both
the surface and the intermediate area, that would be re-
sponsible for the catabolic mechanisms characteristic
of this disease. We have previously determined that in

FIGURE  2. Collagenase  production. The activity

of MMP-1 was determined by ELISA and is ex-

pressed as ng/ml. Bars represent the mean ± SEM.

OA: osteoarthritic sample; C: control sample. * indi-

cates significant difference, p<0.001, n=8.
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FIGURE 3. Light microscopy micrograph of chondrocyte culture. Chondrocytes

are found in regular groups with no modifications in their nuclear and cytoplasmic char-

acteristics. Hematoxyline–eosin staining. (X 400)

FIGURE 4. Light micrograph of chondrocyte culture from osteoarthritic patients.

Chondrocyte aggregates or “clones” are found in a great matrix lacune, on the surface

layers. Hematoxylin-eosin staining. (X 400)
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osteoarthritic chondrocytes the production of catabolic
enzymes (collagenase and metalloproteinases) is in-
creased by 80% compared to controls (Brizuela et al.,
2000).

The analysis of NO metabolites shows that the
NO-

x
 concentration of OA cultures is five times higher

than the levels found in the control samples. This is in
accordance with the increased number of proteolytic
enzymes causing great cartilage damage and the lower
level of reparation in OA tissues, both characteristic
consequences of the chronic inflammatory process
present in this illness.

In the present investigation we have observed that
chondrocyte cultures of patients with OA are
characterised by the presence of cell populations with
morphological differences. Coinciding with the classi-
fication proposed by Kouri and col. for the different
types of chondrocytes found in different cultures, in OA
cultures we observed “clones” on both the surface and
the middle areas of the culture. We have previously dem-
onstrated that the production of catabolic enzymes (col-
lagenase or metalloproteinase-1) in osteoarthritic
chondrocytes is increased by 80% compared to the con-
trol cultures (Brizuela et al., 2000). It is possible that
these “clones” are the areas responsible for the cata-
bolic mechanisms characteristic of this disease.

Conclusions

In the present study we found that, in cultures of
human chondral OA cartilage, the presence of aggre-
gated cellular groups (clones) on the surface and iso-
lated secretory cells in the deeper layers were charac-
teristic. The production of metallopreoteases was very
high compared to the control samples and the increased
NO production suggests that the tissue degradation tends
to exceed the reparative function. Finally, the results
also confirm that cytokines, proteolytic enzymes and
autacoids have different and determined roles. It is pos-
sible to infer that new insights towards the knowledge
of OA physiopathology have been achieved.
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