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Glycosaminoglycans in patellar cartilage

Elith Bjarne Olsen’,Klaus Trier' and Henrik Moiler?

‘We obtained samples of patellar cartilage at the time of surgery from 20 patients: 11
with normal and 9 with macroscopic cartilaginous degeneration. The glycosaminog-
lycans were separated by cellulose acetate electrophoresis, and the relative content of
major glycosaminoglycans was measured by optic scanning. The total content of gly-
cosaminoglycans was estimated by uronic acid analysis. We found that degenerated
cartilage contained an increase in dermatan sulfate and hyaluronic acid and a de-
crease in chondroitin 6-sulfate and 1otal uronic acid concentration, with only slight
changes in chondroitin 4-sulfate and keratan sulfate compared with normal cartilage.

The stiffness of cartilage is directly correlated with the
proteoglycans and their content of glycosaminogly-
cans {(Kempson et al. 1970). Proteoglycans exert a
swelling pressure that is constantly restrained by the
collagen network in which they are entrapped. Al-
though glycosaminoglycans from normal and arthro-
tic cartilage from many joints have been analyzed,
surpprisingly little is known about their compositions
in patellar cartilage. Degeneration of the patellar carti-
lage is common and occurs early. We studied glyco-
saminoglycans of degenerated and normal patellar car-
tilage.

Patients and methods

Samples of patellar cartilage were obtained at the iime
of surgery from 20 patients: 11 with normal and 9 with
macroscopic degeneration of the cartilage (Table 1).
All the subjects gave informed consent to participate in
the study. The biopsies (5-10 mg) were taken from the
middle of the medial patellar facet or from the degener-
ated area and cut at a thickness of 300-500 pm parallel
to the articular surface (Jones et al. 1977).

The biopsies were defatted and dried in three chang-
esof acetone, acetone/ether (1:1), and etherand keptin
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adesiccator at room temperature until constant weight
was attained. The defatted, dried tissue biopsy was cut
into small pieces, and aliquots of 5-10 mg were digest-
ed with pronase (0.5 mg/mg dried tissue in 2.0 ml dis-
tilled water at 46 °C for 24 h). Five volumes of ethanol
saturated with NaCl were added and left overnight at 4
°C. The precipitate was collected by centrifugation at
1720 g for 20 min at 4 °C, dried, and redissolved in 2.5

ml sodium acetate buffer (0.05 M, pH 5.0). The redis-
solved mixture was centrifuged at 1720 g for 20 min at
20°C. The supernatant was decanted in a tube, and so-
dium acetate buffer (0.05 M, pH 5.0) was again added
to the precipitate, which was centrifuged at 1720 gfor
20minat20°C. The supernatant was transferred to the

tube with the first supernatant, and 200 uL of a 5 per-
cent centyltrimethyl ammonium bromide solution was
added and left overnight at room temperature. The pre-
cipitated glycosaminoglycan-centyltrimethyl ammo-
nium bromide complex was collected by centrifuga-
tion at 1720 g for 20 min at 4 °C and washed three
times with ethanol saturated with NaCl to remove cen-
tyltrimethyl ammonium bromide. The purified sodi-
um-glycosaminoglycan was dried and redissolved in
100 ulL 0.1 M NaOH followed by 900 uL distilled wa-

ter for further analysis. Uronic acid analysis was per-
formed by the procedure described by Blumenkrantz
and Asboe-Hansen (1973) using glucuronic acid as the
standard.

Cellulose acetate electrophoresis was a modifica-
tion of the method described by Capelletti etal. (1979).
Cellulose acetate electrophoresis plates Titan IIT (2.5 x
7.6 ¢cm) were purchased from Helena Laboratories
(Beaumont, TX, USA). The electrophoresis apparatus
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(Model SAE 2761) with a water cooling system was
obtained from Shandon Scientific Company (City,
England). The temperature of the cooling water in the
refrigerating disk was 8 °C during migration. The buf-
fer solution used in the electrode compartment was
barium acetate 0.2 M, pH 4.

Samples of the isolated glycosaminoglycans con-
taining 1-2 nmol uronic acid were run at 250 Vina0.2
M barium acetate buffer, pH 4, for 15 min. A second
runof 15minin0.2 M barium acetate, pH 4, containing
15 percent ethanol was followed by a third run of 20
min in 0.2 M barium acetate, pH 4, containing 30 per-
centethanol; and finally a further 50 min monodimen-
sional run in 0.2 M barium acetate, pH 4, containing 50
percentethanol, resulted in the separation of hyaluron-
ic acid, dermatan sulfate, keratan sulfate, chondroitin
4-sulfate, and chondroitin 6-sulfate. After electro-
phoresis, the cellulose acetate plates were stained with
0.1 Alcian Blue in 5 percent acetic acid containing [0
percentethanol, and then were destained by changes of
7.5 percent acetic acid.

Identity of the bands in both standard and experi-
mental samples was confirmed using specific degrada-
tion by chondroitin ABC-lyase and testicular hyalu-
ronidase. Quantification of the bands was accom-
plished by densitometric scanning of the Alcian Blue-
stained cellulose acetate strips using a Vitatron TLD
100 densitometer with a 577-nm filter and automated
integration of the curves. The integrated areas were
measured in arbitrary units. Linearity between the inte-
grated area in units and the concentration of the indi-
vidual glycosaminoglycans was confirmed with stan-
dards. The relative content of the individual glycosam-
inoglycans in the biopsy samples was calculated as the
area beneath the curves in percentage of the total area.
The concentration of the total glycosaminoglycans in
the biopsy samples was estimated as the uronic acid
concentration.

The Wilcoxon rank sum test for unpaired data was
used.

Results

A decrease (P < 0.01) in uronic acid concentration was
found in samples from patients with degenerated car-
tilage when compared with samples from patients with
normal cartilage (Table 1). The relative distribution of
the individual glycosaminoglycans was measured in
each biopsy. It was possible to identify glycosaminog-
lycans in all the tissue samples. In the degenerated car-
tilage, as compared with normal cartilage, there was an
increase (P < 0.05) in the dermatan sulfate and hyalu-
ronic acid fractions, and a decrease (P < 0.05) in the
chondroitin 6-sulfate fraction, with only slight chang-
es (NS) in the chondroitin 4-sulfate and keratan sulfate
fraction (Table 2).

Table 1. Uronic acid (mean, SEM) in pateliar cartilage. Patients
1-9, degenerated cartilage. Patients 10-20, normal cartilage.
Uronic acid nmol/mg dried, defatted tissue

Age,sex, Degener- Tom Uronic acid
duration ation meniscus  [nmolimg)
{mo} area
1 4 M 4 M - 179
2 2 M2 M - 214
3 48 F 2 M - 334
4 5 F 8 M -~ 29.2
5 41 F 3 M L 3386
6 54 M 14 M M 205
7 3 F 3 C - 373
8 34 M& MC - 471
g 2 F 2 MC - 18.1
28.7 36
10 24 M 1 - M 822
1 4 F 3 - L 838
12 25 M 24 - M 123
i3 3B M 6 - M 50.7
14 493 M 6 - - 7.5
15 3N F 72 - - 104
16 24 F 12 - - 79.6
17 48 F 7 - - 759
18 12 M 36 - - 123
19 4 F 6 - ~ 509
20 16 F 3 - - 708
C Central L Lateral M Medial 828 75
P<0.01

Table 2. The dermatan sulfate (DS), hyaluronic acid (HA), chondroitin 4-sulfate (CH-4-S), chondraitin 6-sulfate (CH-6-S}, and kera-
tan sulfate (KS) fractions as percentages of the total glycosaminoglycan (GAG) content. Mean, SEM

DS HA Ch-4-S Ch-6-8 KS
Degenerate
cartilage 131 15 22.0 29 10.1 1.3 349 4.2 203 35
Normal
cartilage 91 16 14.7 1.0 9.7 1.3 48.2 1.8 18.1 1.9
P-values <0.05 <0.05 NS <0.05 NS
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Discussion

A decreased level of total glycosaminoglycans in ar-
throsis has been observed by others (Collins 1948,
Mankin and Lipiello 1971, Sweetetal. 1977); and also
the presence of dermatan sulfate, hyaluronic acid, ker-
atansulfate, chondroitin 4- and 6-sulfate in integumen-
tary cartilage has been reported earlier (Yusipova and
Kriuk 1979, Rosenberg et al. 1985).

The uronic acid content was 35 percent lower in de-
generated patellar cartilage than in macroscopic nor-
mal cartilage, indicating a sharp drop in the sulfated
polysaccharide content of this tissue, which accords
with reports by Hirsch (1944) and Zanoli et al. (1981).
According to ourinvestigations the changes concerned
mainly dermatan sulfate, hyaluronic acid, and chon-
droitin 6-sulfate; and the decrease in the total glyco-
saminoglycan content was related to the reduced con-
tent of chondroitin 6-sulfate,

Inimmature cartilage and early arthrosis, the keratan
sulfate content is relatively low (Muir 1977). In late
stages of arthrosis the proportion of keratan sulfate to
chondroitin 6-sulfate increases (Thompson et al.
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