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ABSTRACT. The purpose of this study was to examine whether drugs used in the treatment of arthritic 
disorders possess any inhibitory potential on the proteoglycanolytic activities of matrix metalloproteinases 

(MMPs), and to determine whether drugs which inhibit these enzymes also modulate the biosynthesis and 

release of proteoglycans (PCs) from interleukin-l-(11-1) treated articular cartilage explants. The cartilage-bone 

marrow extract and the glycosaminoglycan-peptide complex (DAK- 16) d ose-dependently inhibited MMP 

proteoglycanases in vitro when tested at concentrations ranging from 0.5 to 55 mg/mL, displaying an IC,, value 

of 3 1.78 mg/mL and 10.64 mg/mL (1.9 X 1O--4 M) respectively. (R,S)-N-[2-[2-(hydroxyamino)-2-oxoethyl]*4- 

methyl-l-oxopentyll-L-leucyl-L_phenylalaninamide (U-24522) proved to be a potent inhibitor of MMP 

proteoglycanases (IC,, value 1.8 X lo-” M). N one of the other tested drugs, such as possible chondroprotective 

drugs, nonsteroidal anti-inflammatory drugs (NSAIDs), d‘. isease modifying antirheumatic drugs (DMARDs), 

glucocorticoids and angiotensin-converting enzyme inhibitors tested at a concentration of lop4 M displayed any 

significant inhibition. Only U-24522, tested at a concentration ranging from 10m4 to 10mh M, significantly 

inhibited the IL-l-induced augmentation of PC loss from cartilage explants into the nutrient media. whereas 

DAK-16 and the cartilage-bone marrow extract were ineffective. DAK-16 and the cartilage-hone marrow extract 
did not modulate the IL-l-mediated reduced biosynthesis and aggregability of PGs by the cartilage explants. The 

addition of 10. 5 M U-24522, however, partially maintained the aggregability of PGs ex uiuo. In our experiments, 

both possible chondroprotective drugs as well as U-24522 demonstrated no cytotoxic effects on chondrocytes. 
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DESTRUCTION of articular cartilage is a common feature 

in joint diseases such as osteoarthritis and rheumatoid 

arthritis. Pathophysiologically, a structural breakdown of 

proteoglycans (PCs) and collagen is observed, which im- 

pairs the biomechanical properties of cartilage. The main- 

tenance of a normal, healthy extracellular matrix reflects a 

balance between the rate of biosynthesis and incorporation 

of matrix components, and the rate of their degradation and 

subsequent loss from the cartilage into the synovial fluid. 

Production and activation of tissue-degrading matrix met- 

alloproteinases (MMPs) are key events in the cartilage 
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breakdown process during chronic inflammatory arthritides 

and osteoarthritis. The MMPs have been shown to be 

secreted from chondrocytes in a number of species includ- 

ing humans [l, 21, bovines [3] and rabbits [4]. MMPs are 

secreted from the cells in a latent form, are activated 

extracellularly, and are inhibited by tissue inhibitors of 

metalloproteinases (TIMPs). The balance between the 

activities of MMPs and TIMPs is thought to be important 

for the maintenance of an intact cartilage matrix. Under 

pathological conditions such as osteoarthritis and rheuma- 

toid arthritis, several studies have shown elevated amounts 

of MMPs, resulting in an imbalance between MMPs and 

TIMPs that accounts at least in part for the observed 

cartilage destruction [l, 2, 5-71. 

Interleukin- 1 (IL- 1) seems to be a key mediator by which 

the chondrocytes and synoviocytes enhance their protease 

production. This leads to cartilage destruction [8], usually 

assessed as the loss of sulfated glycosaminoglycans (GAGS) 

and cleavage of collagen. IL- 1, which is present in the joint 

fluid of patients with arthritic diseases, stimulates chondro- 

cytes to synthesize elevated amounts of enzymes such as 

stromelysin, fibroblast and neutrophil collagenase as well as 
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plasminogen activator [9-111, to inhibit synthesis of plas- 
minogen activator inhibitor-l [12, 131 and TIMP [14], and 
also to inhibit synthesis of matrix constituents such as 
collagen and PGs [9, 141. Th e imbalance between the levels 
of inhibitors and enzymes leads to an increase in the 
amount of active proteases. Combined with suppression of 

matrix biosynthesis, a severe degradation of cartilage is 
observed [8, 141. 

Nonsteroidal anti-inflammatory drugs (NSAIDs), disease 
modifying antirheumatic drugs (DMARDs), glucocorti- 
coids and possible chondroprotective drugs are commonly 
used in the treatment of patients with osteoarthritis or 
rheumatoid arthritis, but their effects on articular cartilage 
metabolism and the course of human arthritic diseases 
remains a subject of debate [15]. For instance, the clinical 
treatment of osteoarthritis and rheumatoid arthritis with 
NSAIDs is successful in reducing inflammation and provid- 
ing symptomatic relief. However, it is believed that some 
NSAIDs, principally salicylates and indomethacin, accel- 
erate osteoarthritic cartilage destruction by impairing PG 
synthesis by chondrocytes [15, 161, while others are thought 
to have a somewhat chondroprotective effect by slowing 
the disease process or stimulating cartilage repair [15, 
17-241. Most studies, however, have shown that NSAIDs 
have little or no effect on cartilage [15, 18, 25-301. Due to 
the widespread use of these drugs in the treatment of 
rheumatic disorders, a deeper understanding of their effects 
on the pathophysiological mechanisms that contribute to 
cartilage destruction is important. 

Given the variety of mechanisms that could be imparted 
by the range of antirheumatic drugs, the aim of this study 
was to examine for the first time whether: 1) these drugs 
possess any inhibitory potential on the activity of MMP 
proteoglycanases in vitro; 2) any of the drugs, which proved 
to be inhibitors of MMP proteoglycanases, can also prevent 
IL-l-inducible PG degradation ex uiuo; and 3) these agents 
have any impact on the PG biosynthesis and viability of 
IL-l-treated articular cartilage explants. 

MATERIALS AND METHODS 
Materials 

Ham’s F-12 and ascorbate were purchased from Gibco (Egg- 
enstein, Germany). Alpha-ketoglutarate, penicillin, strepto- 
mycin, L-glutamine, fluorescein diacetate, propidium iodide, 
optimized lactate dehydrogenase (LDH) test, N-[2-hydroxy 
ethyllpiperazine-N’-[2-ethanesulfonic acid] (HEPES), phenyl- 
methylsulfonyl fluoride (PMSF) , benzamidine hydrochloride, 
N-ethylmaleimide, 4-aminophenylmercuric acetate (APMA) 
and chondroitin sulfate A from bovine trachea were obtained 
from Sigma (Heidelberg, Germany). 1,9_dimethylmethylene 
blue was from Aldrich Chemie (Steinheim, Germany). Seph- 
adex@ G-25M (PDlO) columns and Sepharose CL-2B were 
obtained from Pharmacia Biotech (Uppsala, Sweden) and 
[35S]-S04 was purchased from Du Pont de Nemours (Bad 
Homburg, Germany). CR-ITS+ IM Premix was obtained from 

Collaborative Research (Serva, Heidelberg, Germany), IL- 1 
from Genzyme (Cambridge, MA, U.S.A.). 

The following drugs were generous gifts from the phar- 
maceutical companies listed in parentheses: acetylsalicylic 
acid and chloroquine (Bayer AG, Leverkusen, Germany), 
ademethionine (Degussa Pharma GmbH, Frankfurt, Ger- 
many), auranofin and aurothiopolypeptide (SmithKline 
Beecham Pharma GmbH, Munich, Germany), captopril 
(Schwarz Pharma AG, Monheim, Germany), cilazapril 
(Hoffmann-La Roche AG, Grenzach-Wyhlen, Germany), 
L-cysteine (Fluka, Neu Ulm, Germany), dexamethasone 
and indomethacin (Merck, Darmstadt, Germany), di- 
clofenac-Na and phenylbutazone (Ciba-Geigy GmbH, 
Wehr, Germany), D-penicillamine (Asta Medica AG, 
Frankfurt, Germany), flufenaminic acid (Parke-Davis 
GmbH, Berlin, Germany), glucosamine sulfate (Opfer- 
mann Arzneimittel GmbH, Wiehl, Germany), a glycosami- 
noglycan-peptide complex with an estimated molecular 
weight of 55 kDa isolated from Rumalona (DAK-16) [ 19, 
31, 321 and the lyophilized cartilage-bone marrow extract, 
which is a high molecular weight glycosaminoglycan-peptide 
complex (Robapharm, Base& Switzerland), glycosaminoglycan 
polysulfate (Luitpold Pharma GmbH, Munich, Germany), 
ketoprofen (Rhone-Poulenc Pharma GmbH, Cologne, 
Germany), lisinopril (Zeneca GmbH, Heidelberg, Germa- 
ny ), methotrexate (Medac GmbH, Hamburg, Germany), 
naproxen (Syntex Arzneimittel GmbH, Aachen, Germa- 
ny), piroxicam (Pfizer GmbH, Karlsruhe, Germany), sodium 
pentosan polysulfate (bene-Arzneimittel GmbH, Munich, 
Germany), and tiaprofenic acid (Roussel Uclaf, Romainville, 
France). (R,S)-N-[2-[2-(hydroxyamino)-2-oxoethyl]-4-methyl-l- 
oxopentyll-L-leucyl-L-phenylalaninamide (U-24522) was 
kindly prepared and provided by Dr. B. De (The Procter & 
Gamble Company, Cincinnati, OH, USA). Drugs were 
made up on the day of experiment in sterile distilled water 
or in dimethylsulfoxide (methotrexate) or in ethanol 96% 
(auranofine, flufenaminic acid, indomethacin, ketoprofen, 
naproxen, phenylbutazone, piroxicam, tiaprofenic acid). 

In Vitro Effects Of Drugs On The Activity Of 
MMP Proteoglycanases 

Drugs were tested at concentrations ranging from lop6 to 
10d4 M or in the case of the cartilage-bone marrow extract 
from 0.55 to 55 mg/mL for their inhibitory potential on the 
activity of MMP proteoglycanases found in the media of 
IL-1 alpha-treated bovine articular cartilage explants. The 
activity of MMP proteoglycanases was determined by the 
[3H]-proteoglycan-bead assay, as previously described [33, 
341. Briefly, PG monomers were purified from bovine nasal 
septum cartilage and labeled with [3H]-acetic anhydride. 
The labeled PG monomers (33000 cpm/mg) were en- 
trapped in polyacrylamide gel beads having a pore size that 
retains the monomers but permits escape of digestion 
products smaller than 200 kDa. 

To prepare an enzyme solution containing proteogly- 
canases, articular cartilage from the metacarpophalangeal 
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joints of 18-24-month-old steers were removed in full 
thickness under sterile conditions and incubated for 4 days 
with DMEM containing 100 U/mL IL-l. After 4 days in 
culture, the medium was collected and combined. MMPs 
were activated by the addition of 1.0 mM APMA for 6 hr 
at 37”. The medium was then dialyzed (MW cut off: 2 kDa) 
at 4” for 48 hr with 3 buffer changes using 100 volumes of 
sterile buffer containing 50 mM Tris/HCl, pH 7.2, 10 mM 
CaCl,, 200 mM NaCl, 0.05% (w/v) Brij 35@ and 0.02% 
(w/v) NaN,. The resulting APMA-free medium was ali- 
quoted, frozen at -70” for a maximum period of 8 weeks 
and used as an enzyme solution. 

For in vitro assay, 300 p,L enzyme solution, 100 )*L buffer 
containing 100 mM Tris/HCl, pH 7.2, 400 mM NaCl, 
20 mM CaCl,, 0.04% (w/v) NaN, and 0.1% (w/v) Brij35@, 
60 p,L of drug solution (or drug vehicle or solution 
containing l,lO-phenanthroline, or EDTA) and 40 PL of 
proteinase inhibitor mixture were combined and incubated 
for 30 min. This mixture contained a final concentration of 
the following proteinase inhibitors: 100 mM 6-aminocap- 
roic acid to inhibit cathepsin D, 2 mM PMSF to inhibit all 
serine proteinases, and 10 mM N-ethylmaleimide which 
inhibits thiol proteases and also prevents disulphide ex- 
changes. The mixture was then added to a 6 mL glass 
scintillation vial (Packard Instruments, Groningen, Neth- 
erlands) containing -2 mg [3H]-PG monomers comprising 
polyacrylamide gel beads [33,34] and incubated for I8 hr at 
37” in a rocking water bath. At the end of the incubation 
period, 5.0 mL scintillation cocktail (Emulsifier 299TM, 
Packard Instruments, Groningen, The Netherlands) was 
added to the vials and the radioactivity was determined 
using a liquid scintillation counter (LS 6000 TA, Beckman 
Instruments, Munich, Germany). Enzyme activity is ex- 
pressed as counts per minute of tritium released per mg 
beads. Instead of the enzyme solution, blanks contained the 
same buffer, which was used to dialyze the media for the 
removal of APMA. As a negative control, we included in 
some in vitro assays 10 mM EDTA, 1 mM 1 ,lO-phenanth- 
roline or 0.001 to 100 JJ,M of the hydroxamate U-24522, a 
broad spectrum MMP inhibitor, in order to inhibit all 
MMPs present. The variability of the assay lies in the range 
of 28%. 

Cartilage Explant Cultures 

The cartilage-bone marrow extract and DAK-16 were 
tested for their effects on the synthesis and release of 
proteoglycans from IL-l-treated bovine articular cartilage 
explants. Under sterile conditions, five macroscopically 
healthy articular cartilage explants were removed in full 
thickness from one condyle of the metacarpophalangeal 
joints of 18-24-month-old steers. Twenty-thirty mg of 
cartilage explants were cultured in 3.0 mL of supplemented 
and serum-free Ham’s F-12 nutrient media in the presence 
of the serum substitute CR-ITS+TM Premix [35]. Cultures 
were maintained for 10 days at 37”, 5% (v/v) CO, and 95% 
humidity. Media were changed every second day and stored 

frozen at -20” in the presence of 10% volume of a protease 
inhibitor mixture (0.1 mM PMSF, 200 mM EDTA, 5 mM 
benzamidine hydrochloride and 10 mM N-ethylmaleim- 
ide). Fresh media, IL-1 and drugs were added to the 
cartilage explants. One cartilage explant was untreated and 
received 20 FL of sterile drug vehicle while another was 
treated with 50 U/mL IL-1 and 20 yL of sterile drug 
vehicle. The other 3 cartilage explants were each treated 
with 50 U/mL IL-1 and 20 FL of solution containing the 
cartilage-bone marrow extract or DAK-16 at a final con- 
centration of 0.55, 5.5 or 55.0 pg/mL. In order to verify 
whether this cartilage explant system is adequate to test 
drugs for their inhibitory potential on IL-l-induced MMP 
proteoglycanases ex ho, explants were also treated with 1, 
10 or 100 PM of the MMP inhibitor U-24522. 

Measurement of Proteoglycan Synthesis 

The effects of the cartilage-bone marrow extract as well as 
of DAK-16 on the biosynthesis of PGs was determined by 
radiolabeling cartilage explants with 10 or 20 pCi/mL 
[35S]-S04 for 18 hr on day 10 of the culture period. At the 
end of the radiolabeling period, media were harvested and 
stored frozen at - 20” in the presence of 10% (v/v) protease 
inhibitor mixture until analyzed. Cartilage explants were 
washed three times with Gey’s balanced salt solution and 
frozen at -20” together with 10% (v/v) protease inhibitor 
mixture until further analysis. Explants were digested for 4 
hr at 65” with 1 mL of 0.5 mg/mL papain digestion solution, 
pH 6.5 containing 50 mM monosodium phosphate, 2 mM 
N-acetylcysteine and 10 mM EDTA. [‘5S]-S04-labeled 
PGs within the papain-digested explants and within the 
media were determined by separation of free [‘5S]-S04 from 
macromolecular [35S]-S04 labeled PGs by size exclusion 
chromatography on Sephadex@ G-25 (PD-10) columns. 

Analytical Gel Chromatography 

In experiments in which cartilage explants were radiola- 
beled with 20 pCi/mL [35S]-S04 on day 10 of the culture 
period, explants were frozen, pulverized and extracted on a 
rocker for 48 hr at 4” with 1 mL of 4 M guanidinium 
chloride dissolved in extraction buffer containing 50 mM 
acetate buffer, pH 5.8, 100 mM 6-aminocaproic acid, 5 mM 
benzamidine/HCL, 10 mM EDTA, 10 mM N-ethylmalei- 
mide and 1 mM PMSF [36]. The pulverized explants were 
then separated from the extracts by centrifugation at 
15800 g for 5 min. The extracts were concentrated accord- 
ing to the manufacturer’s instructions using Microcon- lo@ 
ultrafiltration membranes (molecular weight cut off: 10 
kDa, Amicon, Witten, Germany) and diluted to 0.2 mL 
with the extraction buffer supplemented with 0.1% (v/v) 
Triton X-100. The PG aggregates were allowed to reassem- 
ble for 18 hr at 4”. Samples were then applied to a 
Sepharose CL-2B column (1.6 cm X 80 cm) and eluted 
under associative conditions at a flow rate of 4 mL/h using 
the extraction buffer [36]. Fractions of 1.0 mL were col- 
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lected and assayed for radioactivity. In order to verify 
whether the analysis of the aggregability of newly synthe- 
sized PGs is applicable to test drugs for their potential to 
inhibit the activity of MMP proteoglycanases ex uiuo, the 
effect of 10 p,M U-24522 on this biochemical parameter 
was identically determined as for the cartilage-bone marrow 
extract and DAK-16. 

Determination of Proteoglycun Content of Cartilage 
Explant Cultures 

Papain-digested cartilage explants and culture media 
(25 FL portions) were assayed for sulfated GAGS by 
reaction with 0.25 mL 1,9-dimethylmethylene blue dye 
solution in polystyrene 96-well plates and spectrophotom- 
etry at 523 nm using an ELISA-plate reader. Chondroitin 
sulfate A from bovine trachea was used as the standard [37]. 
Appropriate blanks were included to correct for any inter- 
ference of the drugs with this spectrophotometric assay. 

Quantitatim of DNA Content 

The DNA content of papain-digested cartilage explants 
was determined fluorometrically using the bisbenzimidazol 
dye Hoechst 33258 as previously described in detail [38]. 

Assessment of Chondrocyte Viability 

The activity of the cytoplasmatic enzyme LDH (EC 
1.1.1.27) in the culture media was measured as a biochem- 
ical indicator of cell viability. An optimized LDH test 
(Sigma, Heidelberg, Germany) was used for the quantita- 
tive kinetic determination of LDH activity within the 
media. In addition, the viability of chondrocytes within the 
cartilage explants was quantified histochemically using the 
vital stains fluorescein diacetate and propidium iodide. At 
the end of the culture period, three cartilage slices, each 
50 pm thick, were immediately cut perpendicular to the 
joint surface from treated and untreated explants. Cartilage 
slices were placed in a small drop of sterile PBS on a glass 
slide, and 200 PL Ham’s F-12 containing 0.1 mM fluores- 
cein diacetate and 0.3 mM propidium iodide were added 
and subsequently incubated in the dark at 37” and 95% 
humidity for 5 min. Chondrocytes were viewed using a 
450-490 excitation filter and a 510-520 barrier filter. At 
least 50 chondrocytes were counted in each of the three 
chondrocyte layers (superficial, intermediate and deep 
zone) under a fluorescence microscope. Cells that have an 
intact plasma membrane, a specific active transport system 
and active cytoplasmatic esterases can take up fluoresceine 
diacetate and convert it intracellularly to a fluorescent 
form. Propidium iodide penetrates only into the cytoplasma 
of cells with damaged cell membranes where it binds to 
DNA. Both procedures are standard tests of plasma mem- 
brane integrity and cellular viability in several isolated cell 
lines, including chondrocytes as well as in cartilage explants 
[39-411. 
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FIG. 1. The inhibitory effect of the cartilage-bone marrow 
extract (B) and DAK-16 (0) on the activity of MMP proteo- 
glycanases. The activity of these enzymes was determined in 
vitro using the [3H]-proteoglycan-bead assay as described under 
Methods. Enzyme activity is expressed as counts per min (cpm) 
of [3H]-labeled fragments of PG monomers released per mg 
beads. Each value was determined in triplicate and the whole 
experiment was repeated 3 times. Data are means -C SD. “0.01 
C P 50.05, **O.OOl C P 50.01, ***P 5 0.001, significantly 
different from control (no drug value), using student’s two tailed 
paired t-test. 

Statistical Analyses 

Each value was determined in duplicate. The whole exper- 
iment was repeated three times using different specimens. 

Groups of data were evaluated using the student’s two- 

tailed paired t-test. Significance was set at P 5 0.05. 

RESULTS 
In Vitro Effect of Drugs on the Activity 
of MMP Proteoglycanases 

Of the antirheumatic drugs tested, only the lyophilized 
cartilage-bone marrow extract (Rumalon@) and DAK- 16 

dose-dependently, albeit weakly, inhibited the proteogly- 
canolytic activity in vitro (Fig. 1). DAK-16 and the carti- 

lage-bone marrow extract displayed an ICKY value of 

10.64 mg/mL (1.9 X lop4 M) and 31.78 mg/mL respec- 
tively. Only at the highest concentration tested was the 
inhibition significant. None of the other possible chon- 

droprotective drugs (ademethionine, L-cysteine, glu- 
cosamine sulfate, glycosaminoglycan polysulfate, and 
sodium pentosan polysulfate), DMARDs (auranofine, au- 

rothiopolypeptide, aurothiomalate, chloroquine, D-penicil- 
lamine, and methotrexate), NSAIDs (acetylsalicylic acid, 
diclofenac-Na, flufenaminic acid, indomethacin, ketopro- 
fen, naproxen, phenylbutazone, piroxicam, and tiaprofenic 

acid), glucocorticoid (d examethasone) and ACE inhibitors 
(captopril, cilazapril, and lisinopril) tested at a concentra- 
tion of 100 p,M displayed any significant inhibition. Addi- 
tion of 10 mM EDTA or 1 mM l,lO-phenanthroline in the 
presence of the proteinase inhibitor cocktail blocked any 
proteoglycanolytic activity. The synthetic MMP inhibitor 
U-24522 dose-dependently inhibited stromelysin (Table 
l), displaying an IC~~ value of 1.8 X lo-” M. 
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TABLE 1. The effect of U-24522 on the activity of MMP 

proteoglycanases 

Drug 

Final 
concentration 

U-24522 100 (PM) 
10.0 (FM) 
1.00 (PM) 
100 (nM) 

10.0 (nM) 
1.00 (nM) 

% 
Inhibition 

98.6 -c- 5.7t 

102.3 + 3.4t 
100.7 + 5.6* 
97.9 + 8.3* 

78.7 + 5.6t 
32.5 2 8.8t 

The percenrage values mdicate the proportion hy which the activity of MMP 

pnxeoglycanases was mhlhited h) thl\ compound. Data are means + SD (N = 3). 

*P < 0.05, tP < 0.001, dlfferrnt from control (no drug value), using student’s two 

r&d paired r-test. 

The Effect of the Cartilage-Bone Marrow Extract and 
DAK-16 on the Synthesis and Release of Proteoglycans 
from IL- l-treated Bovine Articular Cartilage Ex&nts 

In order to determine whether the in vitro inhibition of the 
MMP proteoglycanases can also be demonstrated ex uiuo, 
cartilage explants were treated with 50 U/mL IL-1 alone or 
together with the drugs at various therapeutically achieved 
concentrations. IL-1 induced a 2.64 t 0.13-fold (N = 9; 
P 5 0.001) significant increased release of PGs from 
articular cartilage explants into the culture media compared 
to unstimulated explants (Fig. 2). Both drugs were unable 
to modulate the IL-l-induced augmentation of PG loss 
from cartilage explants into the nutrient media (Fig. 2). In 
comparison, the hydroxamate U-24522 dose-dependently 
inhibited the IL-l-induced increased release of PGs into 
the media when tested at concentrations ranging from I to 
100 FM (IL-l-treated cultures: 100%; IL-l and with 1, 10 
or 100 FM U-24522.treated cultures: 90.4 + 14.2%; 
80.1 + 13.1%; 61.7 i 15.4%) (Fig. 2). 

Furthermore, a significantly reduced incorporation of 

control IL-1 alone 0.55 pg/mL 5.5 pg/mL 55.0 pg/mL 

l.OpM 10.0 pM lOOpS4 

FIG. Z. GAG loss from IL-l-treated bovine articular cartilage 
explants into the nutrient media as modulated by the cartilage- 
bone marrow extract, DAK-16 and U-24522. Cartilage explants 
were cultured for 10 days without any additions (control) or in 
the presence of 50 U/mL IL-1 alone (IL-1 alone), with 50 U/mL 
IL-1 together with 0.5,5.5 or 55.0 &mL DAK-16 (open bars) 
and cartilage-bone marrow extract (dotted bars) or with 1.0, 
10.0 or 100 PM U-24522 (dark bars). Each bar represents the 
total amount of GAGS lost during the 10 day culture period. 
The results are expressed as mean values f SD (N = 3) from 
three cartilage explant cultures each done in duplicate. “0.01 < 
I’ 5 0.05, **I’ I 0.01, different from cartilage explants treated 
with IL-1 alone, using student’s two tailed paired t-test. 

control IL-l alone 0.55 pg/mL 5.5 pg/mL 55.0 vg/mL 

FIG. 3. Effect of the cartilage-bone marrow extract and DAK-16 
on PG synthesis of bovine articular cartilage explants. Cartilage 
explants were untreated (control) or treated with 50 U/mL IL-1 
alone (IL-1 alone), with 50 U/mL IL-1 together with 0.5,5.5 or 
55 pg/mL DAK-16 (open bars) or cartilage-bone marrow 
extract (dotted bars). Explants were pulsed on day 10 with 10 
&i/mL Na,[35S]-S0,. [35S]-S04-labeled proteoglycans in the 
cartilage explants and nutrient media were analyzed as described 
under Methods. Each bar represents the total amount of [3sS]- 
SO,Jabeled proteoglycans found in the media and cartilage 
explants. The results are expressed as mean values + SD from 
three cartilage explant cultures each done in duplicate (N = 3). 
“0.001 < P I 0.01, **I’ 5 0.001, different from IL-l-treated 
cartilage explants (no addition of drug), using student’s two+ 
tailed paired t-test. 

radiolabeled precursor into PGs was observed on day 10 in 
cartilage explants treated with IL-1 alone as compared to 
untreated cultures (IL-l-treated cultures: 49.0 ? 6.3%; 
untreated cultures: 100%) (Fig. 3). Treatment of IL-l- 
exposed cartilage explants with the cartilage-bone marrow 
extract or with DAK-16 did not alter the IL-1 induced 
reduced biosynthesis of PGs (Fig. 3). 

Pharmacological Modulation of the Aggregability and 
Hydrodynamic Size of Newly Synthesized Proteoglycans 

The aggregability and hydrodynamic size of radiolabeled 
PGs from treated and untreated articular cartilage explants 
were determined under associative conditions by gel filtra- 
tion on Sepharose CL-2B columns. The elution profile of 
[35S]-S04-labeled PGs from untreated cartilage explants 
showed the presence of three distinct PG species: a large 
aggregated PG eluted at the void volume, non-aggregating 
PG monomers (Kav: 0.26) and small PG fragments (Kav: 
0.7). Only two distinct PG species could be identified in 
cartilage explants treated with 50 U/mL IL-l alone or 
together with U-24522, cartilage-bone marrow extract or 
DAK-16: a large aggregated PG eluted at the void volume, 
and PG monomers and fragments eluted as a broad peak 
over a Kav range of 0.12-0.82. The addition of 55 pg/mL 
of both drugs to IL-l-treated cartilage explants resulted, in 
contrast to the effect of the MMP inhibitor U-24522, in no 
significantly increased percentage of newly synthesized PGs 
able to form macromolecular aggregates (data are normal- 
ized to the percentage found for untreated cartilage ex- 
plants: untreated cartilage explants: 1.0; IL-l-treated carti- 
lage explants: 0.68 2 0.02; IL-1 and with 10 p,M U-24522, 
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55 p,g/mL DAK-16 or cartilage-bone marrow extract 
treated cultures: 0.89 t 0.02 (P I O.Ol), 0.71 2 0.03; 
0.73 + 0.02; N = 3). 

The Viability of Cartilage Explants Treated with the 
Cartilage-Bone Marrow Extract, DAK-16 or U-24522 

The activity of the cytoplasmatic enzyme LDH as an 
indicator of chondrocyte viability in all media changes was 
determined. We were not able to detect any activity of 
LDH in the incubation media of cultures treated with both 
possible chondroprotective drugs, U-24522 or with IL-1 
alone, indicating that these compounds have no cytotoxic 
effects on the chondrocytes. Preliminary experiments 
showed that the media of articular cartilage explants, which 
were killed by 3 freeze-thawing cycles, contained LDH at an 
enzymatic activity of 30 + 6.8 U/L per mg wet cartilage 
explant. Neither the 3 freeze-thawing cycles nor the drugs 
influenced the enzymatic activity of LDH. 

In addition, staining of cartilage sections with propidium 
iodide and fluorescein diacetate revealed that IL-l alone or 
given together with the cartilage-bone marrow extract, 
DAK-16 or U-24522 demonstrated no cytotoxic effects on 
the chondrocytes of the three different layers (superficial, 
intermediate and deep zone) of the explants. 

DISCUSSION 

In an attempt to better understand the mechanisms in- 
volved in the reported possible cartilage protective or 
destructive activities of some antirheumatic drugs, we have 
determined whether these drugs can directly inhibit MMP- 
mediated PG degradation in vitro and ex &JO, and whether 
drugs with inhibitory potential on MMP proteoglycanases 
have any impact on PG biosynthesis and viability of 
articular cartilage explants. 

We chose a crude enzyme solution containing several 
MMP proteoglycanases in order to see whether antirheu- 
matic drugs possess any inhibitory potential on the activity 
of these enzymes. The enzyme solution used in our in vitro 
assay did contain MMP-1, MMP-2 and MMP-3, as previ- 
ously shown by Williams et al. [42] and by us (data not 
shown) and probably also included other MMP proteogly- 
canases such as MMP-8 and MMP-9 [ll, 43-451. The 
enzyme solution of our stromelysin assay did not contain 
any serum, so that cartilage was the only source for enzymes 
in our in vitro assay. By measuring the effect of pH on the 
activity of the proteoglycanases, we found a broad pH- 
optimum with a maximum lying at pH 7.1 (data not 
shown). Since no enzyme activity within our in vitro assay 
was detected in the presence of EDTA or l,lO-phenanth- 
reline given together with the above-described proteinase 
inhibitor mixture, and since APMA inhibits cathepsin B 
and any other cysteine proteinase (e.g. cathepsin L), we 
conclude that our in vitro enzyme assay measures only the 
activity of neutral MMP proteoglycanases. 

In our study, the in vitro inhibitory effect of DAK-16 as 

well as of the cartilage-bone marrow extract, shown to 
inhibit human collagenase [32], on the activity of MMP 
proteoglycanases might be related to the proteinic part of 
the complex reacting directly or by competition with the 
enzyme substrate. The results of our study are consistent 
with those of Vignon et al. [46], who reported a dose- 
dependent inhibitory effect of the cartilage-bone marrow 
extract on the metal dependent proteoglycanolytic activi- 
ties in vitro from human osteoarthritic cartilage. Using our 
cartilage explant system, the cartilage-bone marrow extract 
as well as DAK-16, when tested at therapeutically achieved 
concentrations of 0.55 to 55 p,g/mL, did not show any 
inhibitory potential on IL-l-inducible proteoglycanases. 
Our results are consistent with data reported by Arsenis et 
al. [26] in which 120 pg/mL of the cartilage-bone marrow 
extract was also unable to reduce the IL-l-induced in- 
creased PG loss from bovine and rabbit articular cartilage 
explants cultured for a period of 2 days. Studies in which 
DAK-16 was administered to a human chondrocyte cell 
culture system 1471 or intraarticularly once or twice a week 
to an in viva animal model of osteoarthritis [ 191 have shown 
that the therapeutic and effective dosages lie in the range of 
10 to 100 pg/mL cell culture media p_g per joint, respec- 
tively. Taken together, our results show that an inhibitory 
effect of these drugs on MMP proteoglycanases can only be 
found at relatively high concentrations lying in the range of 
5500 to 55000 p,g/mL enzyme assay, which can not be 
achieved after therapeutic dosages. 

However, the prophylactic and therapeutic administra- 
tion of the cartilage-bone marrow extract in a lapine model 
of osteoarthritis resulted not only in a decreased level of 
neutral metalloproteinase activities but also in an increased 
level of uncomplexed TIMP within articular cartilage [48]. 
Since in our experiments the cartilage-bone marrow extract 
displayed no inhibitory effect on the activity of MMP 
proteoglycanases in vitro at low concentrations and was also 
ineffective in reducing the IL-l-induced PG loss from 
cartilage explants during the lo-day culture period, the 
results obtained in the study done by Dean et al. [48] point 
to the possibility that the pharmacological effects of the 
cartilage-bone marrow extract on the level of active MMPs 
and TIMPs are likely to be indirect such as the modulation 
of the biosynthesis of MMPs and TIMP and/or the blocking 
of the release and/or physiological activation of latent 
MMPs. 

The knowledge concerning the effects of drugs, espe- 
cially in terms of their usefulness for treatment of joint 
diseases, on viability and anabolism of cartilage is impor- 
tant, since any impact of drugs on the viability as well as 
any stimulatory or inhibitory effect on the biosynthesis of 
extracellular matrix components can be beneficial or det- 
rimental to cartilage. The cartilage-bone marrow extract 
has been reported to stimulate the biosynthesis of PGs and 
type II collagen in vitro by unstimulated human chondro- 
cytes at concentrations ranging from 2.3 to 230 kg/ml [47]. 
However, we report here for the first time that the 
cartilage-bone marrow extract and DAK-16, while not 
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cytotoxic, are unable to specifically reverse the IL-l- 
induced suppression of PG biosynthesis by articular carti- 

lage. 
Only limited information is available on the effects of 

NSAIDs and glucocorticoids regulating MMP activity 
and/or biosynthesis. For example, naproxen, tiaprofenic 
acid, dexamethasone, hydrocortisone and methylpred- 
nisone have been shown to reduce the level of a neutral 
MMP activity in viva [21], in situ j17, 30, 491 and in vitro 

[50], which probably reflects the activity of stromelysin 
within canine, bovine and/or human articular cartilage. On 
the other hand, indomethacin has been reported to have no 
effect on the level of neutral MMP activity within human 
osteoarthritic cartilage [30]. 

The implications of these findings are complicated, since 
in most of these studies the levels of MMPs were not 
measured directly (e.g. using ELISA techniques) but were 
extrapolated from results obtained by measuring the activ- 
ity of enzymes. Our present study demonstrates that all 
NSAIDs as well as glucocorticoids tested have no direct 
inhibitory potential on the activity of MMP proteogly- 
canases, suggesting that the findings [17, 21, 30, 49, 501 
with naproxen, tiaprofenic acid as well as with glucocorti- 
coids may be the result of an indirect mechanism perhaps 
one affecting the biosynthesis, release and/or activation of 
MMPs and/or TIMPs. This assumption is supported by 
studies performed by DiBattista et al. [51] in which the 
investigators showed that glucocorticoids can reduce the 
synthesis of MMPs by suppressing transcription, although 
posttranscriptional effects cannot be ruled out. 

In this study, the possible chondroprotective drugs gly- 
cosaminoglycan polysulfate and pentosan polysulfate dis- 
played no inhibitory effect on the activity of MMP proteo- 
glycanases in vitro. Nethery et al. [52], however, reported 
that glycosaminoglycan polysulfate and sodium pentosan 
polysulfate produced a concentration-dependent inhibition 
of the activity of both human fibroblast stromelysin and rat 
tumour stromelysin using a similar assay to measure the 
activity of this enzyme. Prophylactic and therapeutic appli- 
cation of glycosaminoglycan polysulfate has also been 
reported to decrease the level of active and total PG 
degrading metalloproteinases in different animal models of 
osteoarthritis [48,53,54]. Furthermore, several studies have 
shown that these possible chondroprotective drugs, as well 
as chloroquine and hydroxychloroquine, are able to inhibit 
PG release from rabbit, bovine and canine articular carti- 
lage both in vip/o and in situ [25, 26, 55, 561. The lack of any 
inhibitory effect of either drug in our assay system, there- 
fore, might be explained by species differences. The results 
presented in our study using bovine MMP-proteoglycanases 
suggest that the reported anticatabolic effects may also be 
mediated in part by influencing the biosynthesis, release 
and/or activation of MMPs or their inhibitors. 

In this study, none of the other DMARDs proved to 
possess any inhibitory effects on the activity of MMP 
proteoglycanases. Limited information is available concem- 
ing the effects of DMARDs on these enzymes. Auranofin 

was reported to reduce the IL- l-mediated PG loss from 

bovine nasal septum cartilage while methotrexate, D-peni- 

cillamin and sulfasalazin were ineffective [57]. Further 
studies are, however, required to determine by which 

mechanism auranofin can modulate IL-l-mediated PG loss 

from cartilage. 

The hydroxamic acid-containing peptide U-24522, 

which was developed as an inhibitor of MMPs, proved to be 

a potent and broad spectrum inhibitor of MMP proteogly- 

canases both in vitro and ex ho. Our experiments showing 

that the aggregability of newly synthesized PGs was in- 

creased in cultures treated with U-24522 and IL-l com- 

pared to cultures treated with IL-1 alone suggest that this 

compound inhibited the proteolytic digestion of the core 

protein and/or link proteins of the PGs, enabling them to 

form macromolecular aggregates. Demonstration of MMP 

inhibitor efficacy suggests that cartilage explant cultures 

provide a useful model for studying the effects of drugs on 

articular cartilage catabolism in situ. Our findings are 

consistent with data reported by Caputo et al. [58] in which 

a rabbit articular cartilage-derived proteoglycanase was also 

blocked in vitro by this MMP inhibitor. Our determined 

IC,, value of 1.8 X lo-” M for the in vitro inhibition of a 

mixture of MMP proteoglycanases is at least one order of 

magnitude lower than the previously reported IC,, values 

of the same agent (6.0 X lo-’ M [58] and 4.2 X lo@ M 

[59] respectively), which might reflect differences in species 

or in the methodologies used. Current theory suggests that 

the hydroxamic acid functional group chelates the zinc 

molecule at the active site of the metalloproteinase, thereby 

inactivating the enzyme [60]. 

One outstanding example of an inhibitor design for 

blocking the activity of a metalloproteinase has been the 

development of ACE inhibitors, which are able to inhibit 

the metal-dependent exopeptidase angiotensin-converting 

enzyme. In our study, the tested ACE inhibitors were 

ineffective in reducing the activity of MMP proteogly- 

canases in vitro, which is probably due to insufficient 

binding interaction at the active site of these enzymes. 

The significance of our results is that the observed in situ 

and in viva effects of some NSAIDs, glucocorticoids, 

DMARDs and possible chondroprotective drugs on MMP 

proteoglycanases are not due to a direct inhibition of their 

activities but rather may be indirect, such as by influencing 

the biosynthesis, release and/or activation of MMPs or 

TIMPs. Further studies, some of which are already in 

progress in our laboratory, are required to determine the 

molecular mechanisms involved in these pharmacological 

effects on the level of active MMPs. 

This work was supported in pm-t by the BONFOR-Foundation. The 

authors would like to thank I. Pelzer, B. Santgerath-Tillmann and C. 

Stichnote for their technical assistance and J. Stone for typing the 

Tnanuscript 



1634 J. Steinmeyer and S. Daufeldt 

References naproxen and interleukin-1 on proteoglycan catabolism and 
on neutral metalloproteinase activity in normal articular 
cartilage in vitro. J Clin Phnnacol 33: 109-114, 1993. 
Brandt KD, Effects of nonsteroidal anti-inflammatory drugs 
on proteoglycan metabolism and organization in canine 
articular cartilage. Arthritis Rheum 23: 1010-1020, 1980. 
Kalbhen DA, Chemical model of osteoarthritis: A pharma- 
cological evaluation. J Rheumatol 14: 130-134, 1987. 
Palmoski MJ and Brandt KD, Benoxaprofen stimulates pro- 
teoglycan synthesis in normal canine knee cartilage in ho. 
Arthritis Rheum 26: 771-774, 1983. 
Ratcliffe A, Azzo W, Saed-Nejad F, Lane N, Rosenwasser MP 
and Mow VC, In viva effects of naproxen on composition, 
proteoglycan metabolism, and matrix metalloproteinase ac- 
tivities in canine articular cartilage. J O&p Res 11: 163- 
171, 1993. 
Muir H, Carney SL and Hall LG, Effects of tiaprofenic acid 
and other NSAIDs on proteoglycan metabolism in articular 
cartilage explants. Drugs 35: 15-23, 1988. 
Pelletier JP, Cloutier JM and Martel-Pelletier JM, In vitro 
effect of tiaprofenic acid, sodium salicylate and hydrocorti- 
sone on the proteoglycan metabolism of human osteoarthritic 
cartilage. ] Rheumatol 16: 646-655, 1989. 
Huskisson EC, Berry H, Gishen P, Jubb RW and Whitehead 
J, on behalf of the LINK study group, Effects of antiinflam- 
matory drugs on the progression of osteoarthritis of the knee. 
J Rheumatol22: 1941-1946, 1995. 
Arner EC, Darnell LR, Pratta MA, Newton RC, Ackerman 
NR and Galbraith W, Effect of antiinflammatory drugs on 
human interleukin-l-induced cartilage degradation. Agents 
Action 21: 334-336, 1987. 
Arsenis C and McDonnel J, Effects of antirheumatic drugs on 
the interleukin-1 alpha induced synthesis and activation of 
proteinases in articular cartilage explant culture. Agents Ac- 
tion 27: 261-264, 1989. 
Rainsford KD, Effects of anti-inflammatory drugs and agents 
that modify intracellular transduction signals or metabolic 
activities in inflammatory cells on interleukin-1 induced 
cartilage proteoglycan resorption in vitro. Pharm Res 25: 
335-346, 1992. 
Kolibas LM and Goldberg RL, Effect of cytokines and anti- 
arthritic drugs on glycosaminoglycan synthesis by bovine 
articular chondrocytes. Agents Action 27: 245-249, 1989. 
Herman JH, Appel AM, Khosla RC and Hess EV, The in vitro 
effect of select classes of nonsteroidal anti-inflammatory drugs 
on normal cartilage metabolism. J Rheumatol 13: 1014-1017, 
1986. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Dean DD, Martel-Pelletier J, Pelletier JP, Howell DS and 
Woessner JF Jr, Evidence for metalloproteinase and metallo- 
proteinase inhibitor (TIMP) imbalance in human osteoar- 
thritic cartilage. J Clin lnwest 84: 678-685, 1989. 
Martel-Pelletier J, McCollum R, Fujimoto N, Obata K, 
Cloutier JM and Pelletier JP, Excess of metalloproteases over 
tissue inhibitor of metalloproteases may contribute to carti- 
lage degradation in osteoarthritis and rheumatoid arthritis. 
Lab Invest 70: 807-813, 1994. 
Ehrlich MG, Armstrong AL and Mankin H, Partial purifica- 
tion and characterization of a proteoglycan-degrading neutral 
protease from bovine epiphyseal cartilage. J Orthop Res 2: 
126-133, 1984. 
Galloway WA, Murphy G, Sandy JD, Gavrilovic J, Cawston 
TE and Reynolds JJ, Purification and characterization of a 
rabbit bone metalloproteinase that degrades proteoglycan and 
other connective-tissue components. Biochem J 209: 741- 
752, 1983. 
Cawston T, Plempton T, Curry V, Ellis A and Powell L, Role 
of TIMP and MMP inhibitors in preventing connective tissue 
breakdown. Ann NY Acad Sci 732: 75-83, 1994. 
Lohmander LS, Roos H, Dahlberg L, Hoermer LA and Lark 
MW, Temporal patterns of stromelysin-1, tissue inhibitor and 
proteoglycan fragments in human knee joint fluid after injury 
to the cruciate ligament or meniscus. J Orthop Res 12: 21-28, 
1994. 
Vignon E, Balblanc JC, Mathieu P, Louisot P and Richard M, 
Metalloprotease activity, phospholipase A, activity and cyto- 
kine concentration in osteoarthritis synovial fluid. Osteoar- 
thritis and Cartilage 1: 115-120, 1993. 
Morales TI and Hascall VC, Factors involved in the regula- 
tion of proteoglycan metabolism in articular cartilage. Arthri- 
tis Rheum 32: 1197-1201, 1989. 
Bunning RAD, Crawford A, Richardson HJ, Opdenakker G, 
Van Damme J and Russel RGG, Interleukin 1 preferentially 
stimulates the production of tissue-type plasminogen activator 
by human articular chondrocytes. Biochim Biophys Acta 924: 
473-482, 1987. 
Hasty KA, Reife RA, Kang AH and Stuart JM, The role of 
stromelysin in the cartilage destruction that accompanies 
inflammatory arthritis. Arthritis Rheum 33: 388-397, 1990. 
Chubinskaya S, Huch K, Mikecz K, Cs-Szabo G, Hasty KA, 
Kuettner KE and Cole AA, Chondrocyte matrix metallopro- 
teinase-8: Upregulation of neutrophil collagenase by interleu- 
kin-l beta in human cartilage from knee and ankle joints. Lab 
Invest 74: 232-240, 1996. 
Campbell IK, Last K and Novak U, Recombinant human 
interleukin 1 inhibits plasminogen activator inhibitor-l 
(PAI-1) production by human articular cartilage and chon- 
drocytes. Biochem Biophys Res Commun 174: 251-254, 1991. 
Martel-Pelletier J, Faure MP, McCollum R, Cloutier JM and 
Pelletier JP, Plasmin, plasminogen activators and inhibitor in 
human osteoarthritic cartilage. J Rheumatol 18: 1863-1871, 
1991. 
Pelletier ER and Howell DS, Etiopathogenesis of osteoarthri- 
tis. In: Arthritis and Allied Conditions (Eds. McCarthy DJ and 
Koopman WJ), pp. 1723-1734. Lea & Febiger, Philadelphia, 
1993. 
Doherty M and Jones A, Indomethacin hastens large joint 
osteoarthritis in humans-how strong is the evidence. J Rheu- 
matol22: 2013-2016, 1995. 
Pettipher ER, Henderson B, Edwards JCW and Higgs GA, 
Effect of indomethacin on swelling, lymphocyte influx, and 
cartilage proteoglycan depletion in experimental arthritis. 
Ann Rheum Dis 48: 623-627, 1989. 
Glazer PA, Rosenwasser MP and Ratcliffe A, The effect of 

18. 

19. 

20. 

21 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

Shinmei M, Kiruchi T and Masuma K, Effect of interleukin-1 
and anti-inflammatory drugs on the degradation of human 
articular cartilage. Drugs 35: 33-41, 1988. 
Burkhardt D and Ghosh P, Laboratory evaluation of antiar- 
thritic drugs as potential chondroprotective agents. Semin 
Arthritis Rheum 17: 30-34, 1987. 
Schug BS and Kalbhen DA, Influence of chloroquine and 
other substances on the collagenolytic activity in human 
osteoarthritic cartilage in vitro. Arzneim-ForschlDrug Res 45: 
285-289, 1995. 
Nagase H and Woessner JF, An improved assay for proteases 
and polysaccharidases employing a cartilage proteoglycan 
substrate entrapped in polyacrylamide particles. Anal Biochem 
107: 385-392, 1980. 
Azzo W and Woessner JF, Purification and characterization of 
an acid metalloproteinase from human articular cartilage. 
J Biol Chem 261: 5434-5441, 1986. 
Burton-Wurster N and Lust G, Fibronectin and proteoglycan 
synthesis in long term cultures of cartilage explants in Ham’s 
F-12 supplemented with insulin and calcium: Effects of the 
addition of TGF-P. Arch Biochem Biophys 283: 27-33, 1990. 



Antirheumatic Drugs and Stromelysin from Cartilage 1635 

36. Carney SL, Proteoglycans. In: Carbohydrate Analysis. A Prac- 
tical Approach (Eds. Chaplin MF and Kennedy JF), pp. 
97-142. IRL Press, Oxford, 1986. 

37. Farndale RW, Buttle DJ and Barrett AJ, Improved quantita- 
tion and discrimination of sulphated glycosaminoglycans by 
use of dimethylmethylene blue. Biochim Biophys Acta 883: 
173-177, 1986. 

38. Kim YJ, Sah RLY, Doong JYH and Grodzinsky AJ, Fluoro- 
metric assay of DNA in cartilage explants using Hoechst 
33258. Anal Biochem 174: 168-176, 1988. 

39. Muldrew K, Novak K, Hurtig MB, Schachar NS and McGann 
LE, Cryopreservation of articular cartilage using in vitro and in 
wioo assays. Trans Orthop Res Sot 18: 275, 1993. 

40. Farnum CE, Turgai J and W&man NJ, Visualization of living 
terminal hypertrophic chondrocytes of growth plate cartilage 
in situ by differential interference contrast microscopy and 
time-lapse cinematography. J Orthop Res 8: 750-763, 1990. 

41. Ohlendorf C, Tomford WW, and Mankin HJ, Chondrocyte 
survival in cryopreserved osteochondral articular cartilage. 
J Orthop Res 14: 413-416, 1996. 

42. Williams RJ, Smith RL and Schurman DJ, Purified staphylo- 
coccal culture medium stimulates neutral metalloprotease 
secretion from human articular cartilage. J Orthop Res 9: 
258-265, 1991. 

43. Cole AA and Kuettner KE, MMP-8 mRNA and aggrecanase 
cleavage products are present in normal and osteoarthritic 
human articular cartilage. Acta Orthop Stand 266: 98-102, 
1995. 

44. Fosang AJ, Neame PJ, Last K, Hardingham TE, Murphy G 
and Hamilton JA, Interglobular domain of cartilage aggrecan 
is cleaved by PUMP, gelatinases, and cathepsin B. J Biol Chem 
267: 19470-19474, 1992. 

45. Fosang AJ, Last K, Knguper V, Neame PJ, Murphy G, 
Hardingham TE, Tschesche H and Hamilton JA, Fibroblast 
and neutrophil collagenases cleave at two sites in the cartilage 
aggrecan interglobular domain. Biochem J 295: 273-276, 
1993. 

46. Vignon E, Martin A, Mathieu I’, Conrozier T, Louisot P and 
Richard M, Study of the effect of a glycosaminoglycan- 
peptide complex on the degradative enzyme activities in 
human osteoarthritic cartilage. Clin Rheum 9: 383-388, 1990. 

47. Bassleer C, Gysen P, Bassleer R and Franchimont P, Effects of 
peptidic glycosaminoglycans complex on human chondro- 
cytes cultivated in three dimensions. Biochem Pharmacol 37: 
1939-1945, 1988. 

48. Dean DD, Muniz OE, Rodriquez I, Carreno MR, Morales S, 
Gundez A, Madan ME, Altman RD, Annefeld M and Howell 
DS, Amelioration of lapine osteoarthritis by treatment with 
glycosaminoglycan-peptide association complex (Rumalon). 
Arthritis Rheum 34: 304-313, 1991. 

49. Pelletier JP and Martel-Pelletier JM, Evidence for the in- 
volvement of interleukin 1 in human osteoarthritic cartilage 

degradation: Protective effect of NSAID. J Rheumatol 16: 
19-27, 1989. 

50. Lane NE, Williams RJ, Schurman DJ and Lane-Smith R, 
Inhibition of interleukin 1 induced chondrocyte protease 
activity by a corticosteroid and a nonsteroidal antiinflamma- 
tory drug. J Rheumatol 19: 135-139, 1992. 

51. DiBattista JA, Martel-Pelletier J, Wosu LO, Sandor T, An- 
takly T and Pelletier JP, Glucocorticoid receptor mediated 
inhibition of interleukin-1 stimulated neutral metalloprotease 
synthesis in normal human chondrocytes. J Clin Endocrinol 
Metab 72: 316-326, 1991. 

52. Nethery A, Giles I, Jenkins K, Jackson C, Brooks P, 
Burkhardt D, Ghosh P, Whitelock J, O’Grady RL, Howard G, 
Welgus G and Schrieber L, The chondroprotective drugs, 
arteparon and sodium pentosan polysulphate, increase colla- 
genase activity and inhibit stromelysin activity in vitro. 
Biochem Pharmacol44: 1549-1553, 1992. 

53. Altman RD, Dean DD, Muniz OE and Howell DS, Thera- 
peutic treatment of canine osteoarthritis with glycosamino- 
glycan polysulfuric acid ester. Arthritis Rheum 32: 1300-1307, 
1989. 

54. Howell DS, Carreno MD, Pelletier JP and Muniz OE, Artic- 
ular cartilage breakdown in a lapine model of osteoarthritis. 
Action of glycosaminoglycan polysulfate ester (GAGPS) on 
proteoglycan degrading enzyme activity, hexuronate, and cell 
counts. Clin Orthop Rel Res 213: 69-76, 1986. 

55. Sheppaeard H, Pilsworth LMC, Hazleman B and Dingle JT, 
Effects of antirheumatoid drugs on the production and action 
of porcine catabolin. Ann Rheum Dis 41: 463-468, 1982. 

56. Skrivankava B, Podrazky V, Trnavsky K and Julis I, Effect of 
selected antirheumatic drugs on the metabolism of cartilage 
and synovial tissue in experimental arthropathy. Meth Find 
Exp Clin Pharmacol 13: 523-528, 1991. 

57. Rainsford KD, Effects of anti-inflammatory drugs on interleu- 
kin-l-induced cartilage proteoglycan resorption in-vitro: Inhi- 
bition by aurothiophosphines but not influence from per- 
turbed eicosanoid metabolism. J Pharm Pharrnacol 41: 112- 
117, 1989. 

58. Caputo CB, Wolanin DJ, Roberts RA, Sygowski LA, Patton 
SP, Caccese RG, Shaw A and DiPasquale G, Proteoglycan 
degradation by a chondrocyte metalloprotease. Effects of 
synthetic protease inhibitors. Biochem Pharmacol 36: 995- 
1002, 1987. 

59. DiPasquale G, Caccese R, Pasternak R, Conaty J, Hubbs S 
and Perry K, Proteoglycan- and collagen-degrading enzymes 
from human interleukin-1 stimulated chondrocytes from sev- 
eral species: Proteoglycanase and collagenase inhibitors as 
potentially new disease-modifying antiarthritic agents. Proc 
Sot Exp Biol Med 183: 262-267, 1986. 

60. Harris RB, Strong PD and Wilson IB, Dipeptide-hydroxam- 
ates are good inhibitors of the angiotensin l-converting 
enzyme. Biochem Biophys Res Commun 116: 394-399, 1983. 


