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FROM CARTILAGE METABOLISM TO CLINICS

J.T. Dingle

Der Einflul3 nichtsteroidaler
Antirheumatika auf die Matrix
des menschlichen Knorpelgelenkes

Summary The present paper pre-
sents data obtained over a 12 year
period, on the matrix synthesis and
turnover in some 650 arthritic and
180 non-arthritic (N) human carti-
lages using a standardised in vitro

method. When the relative metabolic

(synthetic/repair activity) of these
human cartilages was compared, it
was demonstrated that in osteoar-
thritis (OA) and rheumatoid arthritis

(RA) cartilages synthetic activity was

diminished by approximately 50% a
compared with N cartilages. How-
ever, the turnover rate of matrix wa
not significantly different between
Non-arthritic and OA, but was very
substantially increased in RA carti-

lages compatible with the activity of

inflammatory cells and proteolytic

enzymes released from pannus. Th
action of 13 NSAIDs was compared

in terms of their effect on cartilage
GAG synthesis. 3 of these NSAIDs
were also studied in terms of their

effect on cartilage collagen synthesi
Consideration of the results in this
study and from published material
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The effects of NSAID on the matrix
of human articular cartilages

led to the suggestion that NSAIDs dard-in-vitro-Methode gesammelte
may be divided into 3 categories in Daten’iber Synthese und Umsatz
respect of their in vitro action on thedes Gelenkknorpels von 650 arthriti-
extracellular matrix of human ar-  schen und 180 nicht-arthritischen
thritic cartilages: (N) Individuen. Beim Vergleich der
IJr_elativen metabolischen (syntheti-
schen/reparativen Aktivitadieser
menschlichen Gelenkknorpélda
sich zeigen, daf3 bei der Arthrose
(OA) und der rheumatoiden Arthri-
tis (RA) die Knorpelsynthese um et-
wa 50% im Vergleich zu N-Knor-
peln reduziert ist. Be@lich des
‘Matrixumsatzes aber gab es keinen
signifikanten Unterschied zwischen
nicht-arthritischem und arthroti-
schem Knorpel, vilarend dieser
St is suggested that the stimulatory beim RA-Knorpel — vereinbar mit
action of group 1 NSAID is due to der Aktivitst von EntZindungszellen
Sinhibition of locally produced IL1  und aus dem Pannus freigesetzten
and consequent expression of growtBnzymen — deutlich eftid war. Die
factor activity. Other NSAIDs may Wirkung von 13 NSAR auf die Glu-
also inhibit IL1 synthesis or release,koseaminoglykansynthese wurde
but probably do not have a beneficialerglichen. Drei dieser NSAR wur-
effect on chondrocyte synthetic ac- den auch auf ihre Wirkung auf die
Rivity as they have toxic effects on Knorpel-Kollagen-Synthese unter-
cartilage metabolism. These experi-sucht. Die Ergebnisse dieser Studie
ments led to the suggestion that  und Literaturangaben'fuen zu dem
NSAIDs such as Aceclofenac wouldVorschlag die NSAR bézgiich ihrer
be appropriate for long-term treat- in-vitro-Wirkung auf die extrazellu-
Sment of arthritic conditions provided|lare Matrix des arthritischen Gelenk-
that one is prepared to extrapolate knorpels in drei Kategorien zu tei-
between in vitro experiments on hu-len:
man cartilage and what may be hap-
pening in vivo. 1. Substanzen wie Aceclofenac, Te-
nidap und Tolmetin, die die Ma-
trixsynthese stimulieren kmen
2. Substanzen wir Piroxicam, Tia
profensare und Aspirin ohne si-

1. Those such as Aceclofenac, Ten
dap and Tolmetin which can
stimulate matrix synthesis

Those such as Piroxicam, Tiapro
fenic Acid and Aspirin which ap-
pear to be without significant ef-
fect on matrix synthesis and,
Those like Naproxen, Ibuprofen
Indomethacin, Nimezulide which
significantly inhibit matrix syn-
thesis.

2.

3.

Zusammenfassung Die vorliegen-
de Arbeit praentiert warend einer
12-Jahres-Periode mit einer Stan-

N
=
Py
>
[N
o
©



126

Zeitschriftfir RheumatologieBand 58, Heft 3 (1999)

© Steinkopf Verlag1999

gnifikantenEffekt auf die Matrix-
synthesaund

3. Substanzenwie Naproxen, Ibu-
profen, Indometacin,Nimezulide,
die die Matrixsynthessesignifikant
hemmen.

Esist anzunehme, daRdie stimulie-
rendeWirkungderNSARderGruppe
1 auf die Hemmungdeslokal produ-

nehmendd\ktivitat von Wachstums-
faktorenzurickzufthren ist. Andere
NSARkonnenSynthesederFreiset-
zung von IL-1 ebenfalls hemmen,
hemmemuglicherweiseabergleich-
zeitig aufgrundtoxischerEffekte die
synthetischeAktivitdt der Chondro-
zyten.DieseExperimenteveisendar
auf hin, daBNSAR wie Aceclofenac
fur die Langzeitbehafiung der Ar-

die in-vitro Experimenteammensch-
lichen Knorpel lassensich auf die
Situationin-vivo Ubertragen.

Key words NSAIDs —
cartilageturnover—
GAG synthesis- IL-1 inhibition

Schlisselwoter
NSAR-Knopelumsatz-

ziertenlL-1 und die nachfolgendzu-

Introduction

Articular cartilageis a highly specializedmaterialcon-
sisting of chondrocytee€mbeddedn a two phaseextra-
cellular matrix consistingof collagenfibres and glyco-
saminoglycan(GAG) (1-4). The extracellularGAG is
complexedwith hyaluronicacid, forming very large ag-
grecanmolecules The interactionof the collagenand
aggrecarallows macro-moleculeén the tissueto with-
standthe recurrentstressegxperience by weight bear
ing joints (5). This function activity is a propertyof the
‘basket weave’ architecture of the collagen matrix
which imposesa limitation to the water uptakeby the
highly chaged GAG. The swelling pressureassociated
with this water contentprovidesan environmentwhich
is resistantto compressivedorces,as well as providing
a low friction surface/stiace interaction. The fibrillar
collagen,which providestensile strength,is principally
type Il, but otherminor typesincluding 6, 9, 10 and 11
are also presentand havevariousrolesin matrix/matrix
and cell/matric interactions.Embeddedin this matrix,
the indigenouschondrocytesprovide a continual syn-
thetic replenishmentof the extracellularmacro-mole

thritis geeignetsind, vorausgesetzt, GAG-Syntlese— IL-1-Hemmung

indigenouschondrocytesand act within the pericellular
environmentUnder pathologicalconditiors the activity
of theseenzymesmay be increasedrom the chondro-
cytesand also releasedby inflammaory cells and pro-
liferating synovial cells. In such pathologicalsituations
insufficient matrix syntheticactivity may fail to replace
the componentf the matrix lost by enzymeaction. It

is also important that any drug therapy does not ad-
verselymodulatethe equilibrium betweensynthesisand
degradatior(1, 2).

The presentstudy investigateghe actionof a variety
of non steroidal agents (NSAIDs) that are currently
usedin the treatmenbf arthritic conditions(10) and de-
terminestheir effect on the synthesisof the two major
componentsof articular cartilagematrix namely GAG
and collagen,in (N), (OA) and (RA) tissues(11, 12).
Since there is currently no noninvasive quantitative
methodfor measuringhumanarticular cartilage matrix
syntheticactivity, usehasbeenmadeof a short-termor-
gan culture techniquefor articular cartilage (13). This
was standardisedomel12 yearsagoandthe resultspre-
sentedin this paper are basedon measurement®n
185N, 4860A and 174RA patients’ cartilageswhich
give an estimateof the relative syntheticactivity of the

cules, the GAG being turned over and re-synthesised ex-vivo material.

consideralyl more rapidly than the collagen. If the
GAG is partially lost from cartilage matrix, the resis-
tanceto physicalforcesis diminishedand the articular
surfacesbecomessusceptibleto mechanicaldamage.
The continual metabolicactivity of the chondrocyteis
essentialfor the maintenanceof the balancebetween
synthesisand degradationwhich continuesthroughout
life and is largely determinedby the interaction of
growth factorsand cytokines(6, 7). Patientsas old as
90 yearshave beendemonstratedo have chondrocyte
syntheticcapabilitiesbetweenone third and one half of
that from juvenile patients’cartilagesIf the integrity of
the cartilageis to be maintainedthe newly synthesised
GAG, collagen and hyaluronic acid must equal the
amountlost through normal turnover(8). This turnover
is principally due to the activity of catabolicproteolytic
enzmyes particularly the metalloproteiases(9), which
in normaltissuesare probably producedlocally by the

Methods

The in vitro methodsinvestigationof GAG and col-
lagen syntheticactivity were developedfrom the origi-
nal StrangewayslLaboratory organ culture techniques
for embryonic chick cartilages. These methodswere
modified for adult cartilagesand subsequentlygtandard-
isedfor humancartilage Arthritic and Non-arthriticcar
tilageswere obtainedfrom humanfemoralheadsat op-
eration, the (N) cartilagescame from trauma cases.
After removalat operationthe patients tissuewas im-
mediatelytransportedio the laboratorywhere samples
were takenfor histological confirmationof the disease
state,the remainderwas cut into 4 mm squaresof full
thicknessmaterial. The tissuewas cultured, usually for
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6 daysin 200ul of DMEM containing5% foetal calf

Table 1 Comparisonof matrix synthesisand turnoverin a popula-

serum(FCS). The mediumwas changedon day3. The tion of non-arthritic OA andRA patients'femoralheadcartilages

gas atmospherewvas 5% CO,, in air. 8-10 replicates
were normally set up for eachexperimentalcondition.
Some60-70replicatesnvere usually obtainedfrom each
patients’cartilage.GAG synthesisvas measuredy the
incorporationof *°SQ, into cetyl pyridinium chloride
(CPC) precipital material after a 20 hour pulse with
5uCi/ml °S0Q,, at the fifth day of culture. Collagen
synthesismeasurecby the incorporationof *H-proline
into TCA precipitalmaterialafter 16 daysculturein the
presenceof 20puCi/ml 3-H proline. Results were ex-
pressedn a dry wt or DNA basisand analyzedstatisti-
cally using Student t-test. NSAIDs were addedat con-
centrationexpectedo be foundin plasmaduring treat-
ment(10).

The diseaseseverity of the osteoarthriticcartilage
wasgradedhistologically:

1. Slight OA showedlocal areasof erosionand some

lossof metrachromasia

ModerateOA was characteriseds having significant

fibrillation of the articularsurface Joss of metrachre

masiaaroundindividud cells and some evidenceof

structuraldamage.

. SevereOA showed substantialfibrillation and pro-
ductionof clefts. Substantiato completeloss of me-

trachromasiand evidenceof cellularcloning.

2.

The RA tissueswere gradedsimilarly, exceptin addi-
tion, the presencef pannusor lossof cellswasalsore-
corded.

Results
1. The metabolismof humancartilage

Table 1 showsthe comparisonof the cartilage matrix
synthesisand turnoverin a populationof N, OA and
RA patients.The datashownis an updateon previously
publishedmaterial,with an increaseof some200 OAs,
60 RAs and 100 N cartilagesincluded.In spite of the
increasechumbers the actual figures remainsimilar to
that previously published.The OA and RA cartilages
have similar GAG syntheticactivity which was about
half that of the N cartilages.The collagensyntheticac-
tivity which hadonly previouslybeenpublishedfor OA
cartilageswas substantiallylower in OA thanin RA,
which in turn was significantly lower than that in N
cartilages.The GAG turnoveri.e. the rate at which the
GAG is beingdegradedy the indigenouschondrocytes
was similar in the N and OA cartilagesbut was much
higher in the RA patients’ cartilages.In particularin
thoseRA cartilagesvherepannuswas presentthe turn-
over rate was raisedto 6.5% per day, roughly 4 times

Non-arthritic  OA RA
Total No. 185 486 174
Patients’Cartilages
Meanage[range] 64 (20-87) 68(48-91) 65 (46-83)
GAG synthesis 3.64(0.30) 1.88(0.38) 1.74(0.28)
cpm/mg-10°
GAG turnover 1.60(0.41) 2.00(0.40) 3.15(0.26)
% day [6.5%

+pannus]

CollagenSynthesis 2.40(0.20) 1.00(0.07) 1.71(0.12)
dpm/mg/16d-10°3 [14% (0.6)] [6.5% (1.0)] [13% (1.4)]

[% Proteinsynthesis]
(SEM)

that of the Non-arthriticcartilagesWhenthe resultsare
calculatedon a DNA basis,which compensatefor cell

numbers,it is found that this changeis metabolismis

not due to lossof cells, but is a changein chondrocyte
metabolicactivity. It should be emphasisedhat these
figuresarerelativeand similar figureswould not neces-
sarily be obtainedunderdifferentconditions.

2. Studiesof the effect of NSAID on GAG synthesis
in N, OA andRA patients’cartilages

The currentstudiesand otherpublishedwork (1, 2, 11—
19) on the effect of NSAID on humancartilagematrix
synthesisare summariseé in Table 2. This table in-
cludesunpublishedwork on the effect of Nabumetong
Nimezulide and Paracetamoind also some studieson
RA patients’ cartilageswith Aceclofenac, Diclofenac
andIndomethacin.

Consideringfirst the effect of NSAID on N carti-
lages. It may be seenfrom Table 2 that Ketoprofen
stimulatedGAG synthesisn 8 young cartilagesbut not
in 13 adult cartilages Piroxicamalso gave in increase
in sulphateincorporationin 10 young cartilagesbut not
in 12 cartilagesfrom older patients.Ibuprofen, Indo-
methacin, Naproxen, Nabumetoneand Nimezulide all
showedinhibition of GAG synthesisof adult patients’
cartilageswhich was statistically significant. Aspirin
showedsignificantinhibition in one study of 5 patients’
cartilagesbut not in 2 othersinvolving 20 patients’car
tilages. Of the 11 drugs tested,Naproxenappearedo
be the mostinhibitory on theseNon-arthriticcartilages.

Consideringnext the effect of NSAIDs on OA carti-
lages;Aceclofena (60), Tenidap(40) and Tolmetin (6)
showedsignificantstimulationof GAG syntheticactiv-
ity, whilst Ibuprofen (34), Indomethacin(32), Aspirin
(32), Naproxen(64) and Nimezulide (60), all showed
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substantialand significantinhibition of GAG synthetic
activity. At the concentrationgestedTPA (6), Diclofe-
nac (60), Piroxicam(42), Nabumetong60) and Parace-
tamol (60) were without significanteffect on the popu-
lation, thoughsomeindividuals showedsignificantinhi-
bition with Diclofenac.

In the RA cartilagesonly Aceclofena, Diclofenac
and Indometlacin havebeenstudied.Aceclofenacagain
showeda significant stimulationin 60 patients’ carti-
lages,Diclofenac(60) showeda significantinhibition at
the sameconcentratiorand Indomethacinalso showed
significantinhibition in 9 patients’cartilages.

Three of thesecompoundsAceclofena, Diclofenac
and Naproxenhave also beenstudiedin termsof their
effect on collagensynthesisin N, OA and RA carti-
lages.From Table 3 it canbe seenthat Aceclofena had
no significanteffect in 60 Non-arthriticcatilagesbut at
the concentrationstudied,it showeda significanteffect
in stimulatingcollagensynthesign 40 OA patients’car
tilagesandin 60 RA patients’cartilages Diclofenacon
the otherhandshoweda small but significantinhibition
on N cartilagecollagensynthesisand a significantinhi-
bition at the higher concentrationsvith OA cartilages
(40). In 60RA cartilagesDiclofenac showeda signifi-
cant inhibition of collagen synthesisat both 5 and
10 pg/ml. Naproxenwas highly inhibitory on the N hu-
man cartilagesand at 100ug/ml and above was also
very inhibitory in OA cartilage.In RA cartilagest was
inhibitory to a highly significantdegreeat both 10 and
100pg/ml.

Discussion

It hasbeensuggestedon the basisof measurementsf
GAG synthesis,that NSAIDs testedcould be divided
into threecategoriesn respecbf their effect on OA hu-
man cartilage(1, 2). Thesethree categoriesare as fol-
lows:

1. Those agentswhich increasematrix syntheticactiv-

ity;

Those agentswhich appearto have little effect on

chondrocytemetabolicactivity exceptat higher con-

centrationsaand,

. Those agentswhich are substantiallyinhibitory of
cartilagemetabolismand hencemay decreasghe re-
pair potentialityof cartilage.

2.

The presentstudieshavelooked at further NSAIDs and
alsothe action of examplesof eachof thesecategories
on RA cartilageand also on collagensynthesisThe re-
sultsin generalconfirm the previousobservationsand
the hypothesisarising from theseobservationsAceclo-
fenacappeardo be consistentlystimulatoryin termsof
both GAG and collagensynthesison arthritic cartilages

but not on Non-arthriticcartilages Diclofenac,at higher
concentrationsis significantly inhibitory on Non-ar
thritic cartilagesand Rheumatoidarthritic cartilagesbut
at low concentrationst is not inhibitory on OA carti-
lage. At higher concentratios, althoughthey are not
shownin the presentTables,it is inhibitory. Diclofenac
was significantly inhibitory to collagensynthesison N,
OA and RA cartilages Naproxenwas substantiallyand
significantly inhibitory in all categorie®f cartilagesin-
vestigated.Nimezulide was shownto be inhibitory on
both Non-arthritt and OA cartilagesbut not testedon
RA materialwhilst Nabumetonavasinhibitory on Non-
arthritic waswithout significanteffectin the OA materi-
al. ParacetamoWwhich was investigatedas a control in
some60 OA patients’cartilageshad no discernablesf
fect on GAG synthesis.

Whilst the inhibitory action of some of these
NSAIDs can be explainedby cytotoxic effects, and in
particularthe differencebetweenDiclofenacand Ace-
clofenacis explicablein termsof toxic metabolitepro-
duction(1, 20), it hasbeenhardto understandhe stim-
ulatory natureof someof theseagentssinceone would
not normally associatehemwith growth factor like ac-
tivity. However recentwork has enableda hypothesis
to be developedor the actionof Aceclofenacand other
stimulatoryNSAIDs (21).

The action of Aceclofenacis suppressindL1 activ-
ity has been demonstratedpreviously in an ex-vivo
study by Gonzalezet al. (22). Theseauthorsshoweddi-
minished IL1 and TNF activity after treatmentwith
Aceclofenac(100 mg twice daily) in patients’ whose
basic cytokineslevels were high. Since we know that
IL1 is extremelyactive in suppressingGAG and col-
lagen synthesis(23) in humanarticular cartilages any
therapeuticagent which modifies local IL1 activity
might be expectedto influence the activity of indige-
nous chondrocyteslt has beendemonstratedhat this
occursin arthritic tissuesprovidedthat the growth fac-
tor activity in present(21). For example,IGF1 which
stimulateshumanchondrocytematrix syntheticactivity,
will be expressedif indigenouslL1 levelsarereduced.
In OA (24) the catabolic reactionswill be suficient
over a periodof monthsto causesuficient local loss of
GAG and collagen if growth factor activity is sup-
pressedby IL1 (1). In RA is it probablethat the great
sensitivityto IL1 of matrix synthesiscoupledto the ef-
fect of active proteolyticenzymesassociatedvith pan-
nus will be responsile for the more rapid loss of ma-
trix seenin this disease(2) and also demonstratedn
thein vivo studies(25). A numberof NSAIDs probably
are capableof diminishing IL1 activity but in orderto
demonstratancreasedmatrix synthetic activity poten-
tial, theseagentsmustalso be demonstratedo be non-
cytotoxic sincethereis a balancebetweendiminishing
cytokine activity and allowing growth factor mediated
repair mechanims to take place. Aceclofena at the



J.T. Dingle
The effectsof NSAID on the matrix of humanarticularcartilages

129

concentrationsested which includethe highestconcen-
trations which are presentin human plasma during
treatmentdid not show cytotoxic effectsand did allow
an increasednatrix syntheticactivity in the presencef
growth factors.One must,of course exercisecautionin

extrapolatingirom thesein vitro experimentdo in vivo

situationin the humanpatient. Thereis evidencefrom
studieson patientstreatedwith Indomethacinby Ra-
shadet al. (26) and Huskinssonet al. (27) that Indo-
methacinhasa deleteriouseffect on cartilage A finding
which is compatiblewith the studiesreportedin this pa-

per It is possible therefore that the modificaton of the

cytokine/grovth factorinteractionsin arthritic cartilages
which hasbeendemonstratedh theseshort-termin vi-
tro studiesmay occurin in vivo during treatmentwith
agentssuchasAceclofena andcould leadto the stimu-
lation of matrix synthesisand possiblerepair
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