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Abstract—The effects of indomethacin on glycosaminoglycan (GAG) metabolism during the devel-
opment of experimental osteoarthritis produced by the immobilization of the knee in extension were
studied in adult rabbits. The rabbits received intraperitoneal injections of indomethacin (10 mg/kg) daily
for 17 days. The GAG content of the samples taken from the articular and periarticular connective
tissues of the knee was assayed from determinations of hexosamine and uronic acid concentrations
following papain proteolysis and subsequent purification. The uptake of »S-sulphate (calculated as
DPM/pug galactosamine) was used as an indicator of the synthesis rate of sulphated GAGs. The controls
comprised normal rabbits, rabbits treated with indomethacin, rabbits immobilized for 17 days, and the
non-immobilized contralateral leg of the immobilized rabbits receiving indomethacin.

Indomethacin treatment failed to inhibit the uptake of ¥S-sulphate in rabbits. The concentration of
chondroitin sulphates was normal or elevated in animals receiving indomethacin. The drug did not
prevent the loss of GAGs from the weight-bearing cartilage of the immobilized knees, but in tibial
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marginal tissues it prevented the accumulation of GAGs to some extent.

INTRODUCTION

Immobilization of rabbit hind knee in extension [1]
produces a progressive and non-traumatic model of
osteoarthritis (OA) with typical macroscopic, radio-
graphic, histological and biochemical changes [1-4].
This experimental disease is ““chronic’ and leads to
joint deformation without the involvement of a pri-
mary inflammatory process.

During the development of OA in the rabbit the
chondrocyte response to proteoglycan depletion
results in an increase in glycosaminoglycan (GAG)
synthesis [3, 3], although the magnitude of this
response in advanced human disease is debatable
[6, 7). The anti-inflammatory effect of indomethacin
is attributed to its inhibition of the biosynthesis of
prostaglandins [8], which stimulate the synthesis of
both GAG and protein [9, 10]. In animal tissues,
including cartilage, anti-inflammatory drugs have
been reported to inhibit GAG synthesis, both in
vivo and in vitro [11,12]. Thus it would be interesting
to know whether indomethacin treatment is capable
of modifying the development of immobilization

The aim of the present study was to investigate
the in vivo effects of indomethacin on GAG metab-
olism in connective tissues both in normal rabbits
and in animals in the metabolicaily active stage of
developing experimental disease.

MATERIAL AND METHODS

Pilot study. The knee of the right hind leg of
21 adult rabbits was immobilized for up to 7

weeks according to the procedure described by
Langenskiold er al. [1]. The rabbits were given
10 mg/(kg.day) of indomethacin (Dumex, Copen-
hagen, Denmark) intraperitoneally, intramuscularly
or rectally from the beginning of immobilization up
to the time the rabbits were killed. The control
animals not receiving indomethacin consisted of 7
rabbits immobilized for 5 weeks with a subsequent
mobilization period of 7 weeks and of 6 rabbits
immobilized for 7 weeks without a follow-up period.

The mobility of the knees was estimated weekly
using a goniometer. X-ray pictures were taken from
the immobilized and contralateral hind limbs at the
end of the immobilization and remobilization
periods. Degenerative changes were assessed
according to established criteria [2]. The knee speci-
mens were also studied with routine histological tech-
niques [1].

Biochemical study. Twenty-six rabbits older than
7 months were used as follows: Group 0 consisted
of 9 rabbits living normally in their hutches; group
IM of 4 rabbits receiving indomethacin daily for 17
days; group IZ of 8 rabbits with knee immobilization
for 17 days; and group IM-IZ of 5 rabbits with knee
immobilization and indomethacin administration for
17 days. The drug was dissolved in saline prior to
use and given as daily intraperitoneal injections of
10 mg/kg. Twenty-four hours before the animals
were killed, they were given 0.3 mCi/kg ¥*S-sulphate
(carrier free, Radiochemical Centre, Amersham,
U.K.) intramuscularly. Samples were taken from
both the immobilized and the contralateral knee;
they consisted of cartilage from the tibial weight-
bearing region and the tibial margin, the medial
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meniscus and the medial collateral ligament. Samples
were deep-frozen if not immediately processed.

ASSAY METHODS

The analyses of tissue samples were carried out
as described previously [3]. Briefly, samples were
defatted, dried, and digested with papain [13],
whereafter proteins were removed by trichloroacetic
acid precipitation and centrifugation. After dialysis
and lyophilization the GAG-containing retentate
was analysed for its uronic acid (UA) content [14].
The acid hydrolysates of the retentate were analysed
for their galactosamine (GalN) and total hexosamine
contents [15], and the glucosamine (GlcN) content
was calculated as the difference between the two.
Results were calculated as micrograms per milligram
of dry, defatted tissue.

The total radioactivity in separated and purified
GAGs was determined with scintillation counting
corrected for the decay of the isotope (GAG-
DPM/mg dry defatted tissue) and, in the further
analyses, was expressed as specific radioactivity in
chondroitin sulphates (DPM/ug GalN).

Statistical significances were evaluated by Stu-
dent’s t-test. Differences were considered significant
when the P-value was <0.05. (The plasma concen-
trations of indomethacin were assayed at the Dumex
Laboratory in Copenhagen by gas chromatography
of the samples 2 and 8 hours after the last dosage
of indomethacin).

RESULTS

Pilot study

The pilot study was complicated by infections that
resulted in 11 of the 15 rabbits receiving indometh-
acin intramuscularly dying before the planned end
of the experiment. The rectal and intraperitoneal
administration of the drug was better tolerated, and
only 1 rabbit died before the end of the 7-week
immobilization period. The plasma concentrations
of indomethacin 8 hr after the last intraperitoneal
injection ranged from 1.1 to 1.9 ug/ml, and from
0.15 to 0.20 ug/ml after the rectal administration.

No differences were observed between the
immobilized indomethacin-treated and immobilized
control animals in the X-ray assessment, the
degenerative changes [2] being slight or moderate
in both groups. The recovery of mobility of the knees
after the 5-week immobilization was slightly
inhibited in the indomethacin-treated animals in
comparison with that of the controls. The histological
sections suggested that PAS-positive substances were
more abundant in the indémethacin-treated animals
than in the controls.

Biochemical study

The main results are presented in Tables 1-4.

Group IM. The daily administration of indometh-
acin failed to alter the GAG metabolism of cartilage
in rabbits living normally as compared with the
results of untreated control animals. In the medial
meniscus the uptake of *S-sulphate was enhanced,
and in collateral ligaments the concentrations of UA
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and GalN were elevated and the ratio GlcN/GalN
decreased after indomethacin (Tables 3 and 4).

Group 1Z. The immobilized knee of the rabbits
developed previously described alterations [3, 4] i.e.
depletion of GAG in the weight-bearing cartilage of
the tibia, increased levels of GAG in other connec-
tive tissues of the knee, and an increased uptake of
3S-sulphate in all tissues (Tables 1-4). The only
significant changes found in the non-immobilized
knee of the contralateral legs, as compared with the
legs of group 0, were an increased concentration of
GalN in the medial meniscus (Table 3) and a decrease
of UA in the collateral ligaments (Table 4).

Group IM-IZ. For the tibial weight-bearing car-
tilage of the immobilized knees, the results (Table
1) were similar to those obtained in group IZ, except
that the GIcN concentration had decreased further
and the GalN/UA ratio was higher. In the non-
immobilized knees the level of GalN and the ratio
GalN/UA rose when compared with that of the con-
trols or with the results from non-immobilized knees
in group IZ.

In the tibial marginal tissues of the immobilized
legs, the concentrations of UA and GIcN were lower
than in group IZ (Table 2). In the non-immobilized
legs no significant changes were seen when compared
with those of the knees of groups 0 and IM or with
the non-immobilized knees of group 1Z.

In the medial meniscus of the immobilized knees
the ¥S-sulphate uptake and GAG concentrations
resembled those found in group IZ; only the GlcN
concentration was elevated. No significant differ-
ences were seen between the immobilized and
contralateral legs in group IM-IZ. In the non-
immobilized legs the UA, GalN and GIcN concen-
trations were higher than those in group 0, group
IM and in the non-immobilized legs of group IZ.
3S-sulphate uptake was higher than in group 0 or in
the non-immobilized legs of group 1Z.

In the medial collateral ligaments of the immobi-
lized knees the **S-sulphate uptake and GAG con-
centrations were higher than in group 0. These values
did not differ significantly from those of group IZ,
with the exception of the GleN concentration, which
rose less than usual after immobilization (Table 4).
On the non-immobilized side, the UA and GalN
concentrations were higher than in group 0 and
higher than the values for the non-immobilized knees
in group 1Z.

The results can be summarized as follows: indo-
methacin did not inhibit *S-sulphate uptake in any
tissue studied either in normal or in immobilized
rabbits. Indomethacin increased or had no effect on
GalN concentration, and it inhibited the rise in GlcN
concentration (except in the meniscus). Both
phenomena were reflected in the lowered GleN/
GalN ratios of the separated GAGs.

DISCUSSION

Indomethacin has been shown to inhibit *S-sul-
phate incorporation in vivo in inflamed joint tissues
in rat adjuvant arthritis [16]. The same inhibition
was demonstrated by autoradiography [17] in the
chondrocytes of the femoral condyles of healthy
rabbits. Anti-inflammatory drugs have also been
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reported to inhibit GAG synthesis in tissues other
than cartilage, both in vive and ir vitro [11,12]. In
this study we found no suppression of *S-sulphate
uptake in articular connective tissues after the
administration of indomethacin. On the contrary,
indomethacin seemed to increase **S-sulphate uptake
in the menisci of healthy rabbits and in the menisci
and collateral ligaments of the non-immobilized
contralateral legs of immobilized rabbits.

In articular cartilage the synthesis rate of keratan
sulphate is low [18, 19], and therefore the radioac-
tivities were calculated as DPM/ug galactosamine,
corresponding mainly to the radioactivity in chon-
droitin sulphates, as in the periarticular connective
tissues, where the main sulphated GAGs are chon-
droitin sulphates (CS) [20]. The extent to which our
results reflect the real turn-over rate of CS in tissues
is not clear, because the elimination rates of inor-
. ganic sulphate in animals, as well as its concentration
in tissues, was not analysed. A part of the detected
increase in the radiosulphate uptake in articular car-
tilage may also be caused by lowered CS concentra-
tion because the newly synthetized material was
diluted to a lesser extent than in the controls.

In rats, indomethacin has been found to inhibit
fracture healing by delaying new bone formation
[21]. In another study [22] retarded bone repair in
rats was reported also after the administration of
indomethacin. The accumulation of sulphated GAGs
precedes the calcification of tissue [23,24], and
osteophyte formation in our animal model is nor-
mally seen after only 2 weeks of immobilization [1].
Thus a decreased accumulation of GAGs in the tibial
margin of the immobilized knees of rabbits receiving
indomethacin may be of importance in the further
development of the disease. A comparison of the
results from cartilage obtained after immobilization
alone with those obtained after immobilization and
indomethacin treatment shows that indomethacin
failed to prevent the depletion of GAG in weight-
bearing cartilage.

Our dosage of indomethacin was high, but the
plasma concentrations were comparable to the levels
used in earlier studies. The rabbits were killed at a
time when the synthesis of GAG in articular tissues
was the most enhanced after immobilization [3, 4].
In previous studies histological specimens showed
no inflammatory cell infiltration in the knees after
immobilization [1], and the system responsible for
the activation of GAG synthesis is apparently not
caused by prostaglandins, as in immunological arthri-
tis. It remains to be established whether the lack of
inhibition of CS synthesis in our experiment with
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indomethacin is a general phenomenon of osteoar-
thritis or if it occurs only in immobilization osteoar-
thritis of rabbits. In view of the widespread use of
indomethacin and similar drugs in the treatment of
osteoarthritis it is important to elucidate further the
effects of these drugs on connective tissue
metabolism.
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