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CHONDROCYTE FUNCTION OF HUMAN ARTICULAR
AND COSTAL CARTILAGE COMPARED BY MEASURING
THE IN VITRO UPTAKE OF LABELLED (35S) SULPHATE

BY

T. F. McELLIGOTT AND D. H. COLLINS
Department ofPathology, University of Sheffield

It has long been known that the joint cartilages,
as age advances, tend to undergo certain changes
which render them less resilient and less able to
withstand injury. These have been referred to as
regressive or involutionary (Collins, 1949, p. 100),
but their true nature is still obscure. The gross and
microscopic features of so-called age-changes in the
joints have been well studied in large series of
individuals by Heine (1926) and Bennett, Waine, and
Bauer (1942), and they are of the same type, though
varying in degree, as those seen in osteo-arthritis
accompanied by symptoms or by bony deformity of
the articulations. Local mechanical conditions
cannot be dismissed in considering the aetiology of
osteo-arthritis; if disadvantageous, they certainly
accelerate the process. But apart from the occa-
sional instance of secondary osteo-arthritis occurring
in the severely injured or badly deranged joint of a
young person, osteo-arthritis is a disease of the
elderly, and the senescence of articular cartilage in
man needs to be examined.
Some attention has been given to the chemical

composition of the matrix of cartilage, but little to
its cells, although upon them its vitality clearly
depends. The activity of chondrocytes in the
synthesis of chondroitin sulphate can be studied
with radioactive sulphate, and there is now enough
experience with this method to permit its use in
vitro with human tissues, as will be explained.
Our present study uses this technique and is

directed to comparing chondrocyte function in an
articular cartilage (patella) with that in a non-
articular cartilage (rib) in the same person. An
intrinsic senescent change might affect the cartilage
of the body as a whole; or a cellular failure to main-
tain the matrix might be apparent only in the joint
cartilages. Chemical analyses of human joint
cartilage in osteo-arthritis, by Hirsch (1944) and

by Matthews (1953), indicate a loss of mucopoly-
saccharide which might well be the consequence of
failing chondrocyte function. Our results, how-
ever, point to a different conclusion-that the
chondrocytes of ageing articular cartilage become
increasingly active in sulphate utilization, whereas
those of the rib show no such trend.

Material

Large pieces of the cartilaginous portions of the 7th
rib, sometimes including the articulating 8th or 9th
postal cartilages, were removed at 44 necropsies on
subjects ranging in age from 5 days to 83 years.

In 32 of these cases a patella was also removed and
comparative studies of chondrocyte activity in rib and
patellar articular cartilage were completed in 31 instances.
Ten biopsy specimens ofcosta cartilage were examined;

these were obtained from patients aged 23 to 68 years at
operation, mainly thoracotomy.

In all, 54 postal cartilages and 32 articular cartilages
were examined.

Specimens were processed as soon as possible or
stored at 4° C. in the incubation medium. The intervals
between death and the post mortem examination and
between the collection of the specimen and its processing
were carefully noted. It was necessary to investigate the
post mortem degradation of chondrocyte activity, but in
the comparative studies of rib and patellar cartilages
conditions were uniform for each pair of specimens.

Methods

Preparation of Specimens
(a) Costal Cartilage.-Portions of costa cartilage free

from obvious calcification were used. Except in slices
for autoradiography, the perichondrium and surrounding
tissues were removed. For incubation, slices of cartilage
0 5 mm. in thickness, to give an eventual dry weight of
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ANNALS OF THE RHEUMATIC DISEASES

about 20 mg., were cut from the transverse diameter of
the specimen. Some portions of costal cartilage were
stored in the unsliced block at 40 C. and at room tem-
perature in the medium, and repeated estimations were
made of their ability to fix sulphate in vitro at 370 C.

(b) Patellar Cartilage.-The patellae were inspected,
and changes of osteo-arthritis, if present, were graded
O-IV according to the classification proposed by Collins
(1949, p. 76). Blocks of cartilage down to the bone were
removed from the complete transverse diameter of the
patellae. These blocks were then sliced as finely as
possible with a sharp razor. Fine slices of cartilage are
said to give optimum uptake of sulphate (Bostrom and
MAnsson, 1953). The thickness of the articular cartilage
on the patella ranged between 0 and 5 mm.

Incubation Medium

The medium used 'for incubating the specimens and
in which they were transported and stored was that
described by Kodicek and Loewi (1955-56). This is a
salt solution containing glucose buffered to pH 7-3,
to which sulphate, as sodium sulphate, 4- 8 mg. per litre
was added.

Radiochemical Technique

This was based on the methods fully set out by Layton
(1949, 1950) and by Kodicek and Loewi (1955-56).
Enough cartilage slices to give a dry weight of about

20 mg. were incubated in 5 ml. medium at 370 C. in
a water bath with a shaking machine. The sulphate in
the medium was labelled with approximately 5 microcurie
3'S per ml. (carrier-free sulphate supplied by Radio-
chemical Centre, Amersham). Duplicate or triplicate
assays were made with nearly all specimens. In each
experiment a boiled sample of the same cartilage was
incubated as a control.

After 4 hours' incubation, the cartilage slices were
rinsed with ice-cold isotonic (2- 5 per cent.) sodium
sulphate and then stored for 24 hrs at 40 C., the sodium
sulphate solution being changed four times during this
period. The boiled control confirmed the adequacy of
this technique to remove unbound labelled sulphate.
The slices were then blotted dry and further dried

overnight on watch glasses at 60° C. in a hot-air oven.
They were then weighed, fused with anhydrous sodium
carbonate in platinum crucibles, and dissolved in N HCl.
These solutions were transferred to 70-ml. silicone-lined
centrifuge tubes, and their volume was adjusted to about
50 ml. with distilled water, and the pH to the yellow
colour change of bromophenol blue (about pH 3). The
tubes were placed in a 950 C. water bath and 5 ml.
0-05N sodium sulphate added as carrier; all the sulphate
was then precipitated as barium sulphate by adding
3 ml. N barium chloride. After being allowed to crystal-
lize at 950 C. for 2 hrs, the solutions were cooled to room
temperature, then centrifuged, and the precipitate washed
twice with distilled water and once with 70 per cent.
alcohol and filtered through disks of filter paper over a

sintered glass funnel to give a uniformly thick deposit of
barium sulphate.
A standard of 1 ml. of a 1: 250 dilution of the radio-

activated incubation medium was prepared in the same
way at the same time.
The precipitates were counted on the filters, using a

thin mica end-window Geiger-Muller tube. All samples
were counted for at least 2,000 counts. Counts per
minute per mg. dried cartilage were calculated, and by
comparison with the standard, the absolute uptake of
sulphate was obtained. For convenience this result
was expressed as micrograms (,tg.) of sulphate per gram
(g.) of dried tissue. Actual weights rather than counts
allow results to be compared over a period, extreme
accuracy in activation of the medium is unnecessary, and
no allowance for radioactive decay need be made,
provided that a standard of radio-activated medium is
used on each occasion. No significant activity was
detected in any boiled cartilage control.

Results

Decline in Sulphate Utilization by
Stored Cartilage and by Cartilage post mortem

Bostrom and Minsson (1953), working with calf
cartilage, and Curran and Gibson (1955-56), working
with human cartilage, have already proved the
expectation that the cells of cartilage removed from
the body gradually lose their ability to fix sulphate
in vitro. It was also to be expected that cartilage
remaining in the cadaver would show a progressive
loss of activity after somatic death, but we know of
no quantitative investigations on this point. Our
first experiments were therefore designed to give us
enough information on post mortem and storage
decay to enable us to judge the effects of this on our
later results.

Storage at 40 C.-All specimens stored in incuba-
tion medium at 40 C. showed a decline in ability
to fix sulphate when subsequently incubated at
370 C. The absolute values for sulphate uptake
in the ten biopsy specimens of costal cartilage are
shown in Fig. 1, and, since there was a wide range
in the initial amounts of sulphate taken up, the
results are expressed as a percentage of the initial
activity in Fig. 2. These figures show that the
decline is regular in eight of the ten specimens and
so slow that 50 per cent. of activity is not lost until
the third or fourth day of storage; 21 necropsy
specimens of costal cartilage were assayed in the
same way at intervals up to 2j-1 1 days in store at
40 C. The rate of decline was more varied from
specimen to specimen. True initial uptakes were
unobtainable, since a variable number of hours had
elapsed between death and necropsy. There were
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CHONDROCYTE FUNCTION OF ARTICULAR AND COSTAL CARTILAGE

Fig. 1.-Decline in sulphate utilization by costal cartilage (ten biopsy
specimens) stored at 4° C. Micrograms (lLg.) sulphate taken up by
1 g. dried costal cartilage plotted against hours after operation at
which cartilage was removed. Ages of patients ranged from

23 to 68 years.

266

20 40 60 80 100 120 140 160 180 200
HOURS AFTER BIOPSY

Fig. 2.-Results shown in Fig. I expressed as percentage of initial
activity (sulphate utilization). Apart from two outlying results,
a regression curve can be fitted, showing that the rate of degradation
is not linear and that 50 per cent. of activity is still shown on the

average after 80 hrs' storage.0

N.
N.

0

0

: " 0.
0 N.

N.%

0

0

0

04% 0

* "-...
* -.

0

33
1-75

0

0

E-

05(

0-25

100-

90-

80-

70-

60-

50-

40-

30-

20-

a
zz

1-

UJ

w

FE
x

LU

w

10-

20 40 60 80 100 120 140 160 180 200
HOURS AFTER BIOPSY (AT 40 C.)

1 -7

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.19.1.31 on 1 M

arch 1960. D
ow

nloaded from
 

http://ard.bmj.com/


ANNALS OF THE RHEUMATIC DISEASES

more children in the post mortem series whose
cartilage showed a very high uptake of sulphate
(Fig. 3). The general pattern of decline in sulphate-
fixing activity resembled that shown by the biopsy
material.

Storage at Room Temperature.-Diminished chon-
drocyte activity in utilizing sulphate developed much
more rapidly at room temperature than in the
refrigerator. Fig. 3 illustrates this phenomenon in
an experiment where assays were made in parallel on
cartilage stored in incubation medium at room
temperature and at 40 C.

Cleaning of Cartilage.-It was found that the
power to fix sulphate was much more rapidly lost
by cartilage when the perichondrium and attached
fibro-muscular tissues were left attached. We
therefore adopted the practice of isolating clean
pieces of cartilage with their surfaces scraped free
from adventitial tissues as soon as they were removed
from the body.
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Influence ofAge on Chondrocyte Activity
in Costal Cartilage

The age of the subject influences the amount of
sulphate fixed. This is very obvious when the
results from infants are compared with those from
older children and adults. The autoradiograph of
a section of costal cartilage of an infant (Fig. 4)
shows a strikingly different picture from that of an
old man's costal cartilage (Fig. 5). The cells are
more numerous in the infant cartilage and each
gives a more intense image in the overlying emulsion;
some of the cells of the aged cartilage show no
uptake of radioactive sulphate.
Many senile costal cartilages contained micro-

scopic foci of calcification, themselves evidence of
a reduced viability of the chondrocytes (Hass, 1956).
These tended to cause variable results to be obtained
from different samples of the same cartilage, but
all results were in a low range.

There was little delay in handling the ten biopsy
samples of costal cartilage, and their uptake of
sulphate (range 1 74-0- 45 ,ug. S04 per g. dried

At 4 C.
- - --- - At.room temperature
0- 0 Aged 5 days
El--------aEl 9 ..

* *0 6 year3

HC36 " \

0.'41,-

II

20 40 60 80 100 120 140 160 180 200
HOURS AFTER DEATH

Fig. 3.-Degradation of cartilage obtained post mortem when stored at room temperature and at 4° C. Absolute values
of sulphate intake plotted against time in hours.

- - -

34

.III

I

1% 4
. I

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.19.1.31 on 1 M

arch 1960. D
ow

nloaded from
 

http://ard.bmj.com/


CHONDROCYTE FUNCTION OF ARTICULAR AND COSTAL CARTILAGE
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Fig. 4.-Autoradiograph (exposed for 6 weeks) of section of costal
cartilage from an infant aged 11 days, obtained 18 hrs after death.
Blackening over all chondrocytes shows intense sulphate fixation in

a highly cellular field. x 90.

cartilage) was generally higher than that of post
mortem samples, although no children were included
in the biopsy group (see Fig. 1).
The results from the 44 post mortem samples of

costal cartilage are grouped by age of patient in
Table I. Sulphate utilization is high in infants
a few days old, less high in older children, and much

Fig. 5.-Autoradiograph (exposed for 6 weeks) of section of costal
cartilage from a man aged 83 years. Cells are sparse and some show

no evidence of sulphate fixation. x 90.

lower in the adult and elderly. When considering
these absolute values, allowance must be made for
the time elapsing between death and necropsy.
The range of these times is shown in the Table, but
no correction factor for the individual case can be
calculated. The trend towards loss of chondrocyte
function with age is, however, clear enough.

,BLE I

COSTAL CARTILAGES OBTAINED POST MORTEM, BY AGE OF PATIENT
Chondrocyte activity expressed as t±g. sulphate taken up by 1 g. dried cartilage

Hours after Death Chondrocyte ActivityAge Number of(rogu S04' per g. dried coastal cartilage)
Group Cases

Mean Range Mean Range

5 days 1 25 7-5
9 days 1 7 7-36

11 days 1 18 -- 6-63 -
1-11 mths 3 18 9-26 3*88 3*55-4*77
1-15 yrs 4 27 4-53 1-04 0-28-1-75
16-30 yrs 2 20 13-27 0 35 0*27-0*44
31-45 yrs 2 8 7-9 0-55 0-14-097
46-60 yrs 11 15 6-28 0-38 0-11-064
61-75 yrs 17 14 6-28 0-34 0-10-078
76+ I 2 10-5 10-11 0-29 0-22-036

35

10,,

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.19.1.31 on 1 M

arch 1960. D
ow

nloaded from
 

http://ard.bmj.com/


ANNALS OF THE RHEUMATIC DISEASES
Influence ofAge on Chondrocyte Activity

in Articular Cartilage
Increasing age did not play the expected role of

adversely affecting the uptake of sulphate. On the
contrary, chondrocyte activity was unexpectedly
high in many elderly subjects. Table II sets out
the results obtained from the patellar cartilage in
32 necropsies. No infants were included in this
series and each age group shows a considerable

range both of quantitative results and of time
elapsing between death and necropsy. A com-
parison of autoradiographs of sections of articular
cartilage from a boy of 14 (Fig. 6) and of an old man
(Fig. 7) illustrates how active viable chondrocytes
persist in the joints though not in the ribs of the
elderly.

Osteo-arthritic changes, ranging from superficial
flaking to deep fibrillation and even denudation of

LE II

ARTICULAR CARTILAGES (PATELLA) OBTAINED POST MORTEM, BY AGE OF PATIENT

Chondrocyte activity expressed as .ug. SO4 taken up by 1 g. dried cartilage

Chondrocyte Activity
hug. S4O per g. dried articular cartilage)

Mean Range

0 15 0 13-0-17
0 56 0-44-0-68
0*36 0*12-0-67
1*20 0 33-2 61
0-64 0-14-1-53
1 25 0 79-1*72
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Fig. 6.-Autoradiograph (exposed for 6 weeks) of articular cartilage
from a boy aged 14 years, obtained 4 hrs after accidental death.
Many active chondrocytes are seen in the mid-zone of the cartilage,

but the total estimated activity was not high. x 90.

Fig. 7.-Autoradiograph (exposed for 6 weeks) of articular cartilage
from a man aged 83 years (same case as Fig. 5). High sulphate

utilization by clumps of chondrocytes. x 90.

__ _ __
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CHONDROCYTE FUNCTION OF ARTICULAR AND COSTAL CARTILAGE

bone, were present in many patellae. There is a

possible relationship between the enhanced sulphate
utilization of ageing articular cartilage, the degree
of osteo-arthritis, and the peculiar rearrangement
and grouping of chondrocytes that are seen in the.
conventional histological section of the osteo-
arthritic cartilage. This is at present being studied
and a large number of autoradiographs are in course

of preparation. Our analysis of this investigation
will be published in due course.

Chondrocyte Activity in Costal and Articular
Cartilage compared in a Series ofIndividuals

The sulphate uptake in vitro of costal and articular
cartilage were assayed in parallel in 31 cases post
mortem. These cases are arranged in order of age

of patient in Table III.

The trends towards loss of chondrocyte activity
with age in costal cartilage (Table I) and towards
increased cellular activity in the joints with age

(Table II) led to the expectation that the results in
the two tissues would diverge in older patients.

TABLE IV

SUMMARY OF TABLE III BY AGE GROUPS, SHOWING
INCREASE WITH AGE OF THE ARTICULAR: COSTAL

CARTILAGE ACTIVITY INDEX

Age Number of Mean Articular: Costal
Group Cases in Cartilage Activity
(yrs) Each Group Index

1-15 2 0*15
16-30 2 1159
31-45 3 2-10
46-60 7 4-64
61-75 15 2-46
76 2 4-98

That this is the case is shown in Table III and in the
summarized Table IV, where it is apparent that a

considerably greater activity of articular over costal
cartilage develops after middle age. No patellar
cartilage after this age (44-45 yrs) was free from some
degree of cartilage "degeneration". Of the four
cases in which the cartilage was intact only one

showed greater activity of articular than of costal
cartilage. This was case Jl (Table III), a patient

TABLE III

31 POST MORTEM CASES IN ORDER OF AGE, SHOWING CHONDROCYTE ACTIVITY (EXPRESSED AS ,ug. OF
SO4 TAKEN UP BY 1 g. OF DRIED CARTILAGE) OF ARTICULAR AND COSTAL CARTILAGE AND

ALSO THE ARTICULAR TO COSTAL CARTILAGE ACTIVITY INDEX

SnAge of Time after Grade Chondrocyte Activity Articular: Costal
Specimen Patient Death Osteo- (ig. S04" per g. of dried cartilage) Cartilage

No. yr)hr) atrtsActivity(yrs)(hrs) arthritis ~~Articular Costal Index

J 15 4 36 0 0-13 0-62 0-21
J 9 14 4 0 017 1175 0-097
J25 20 27 I 0*44 0*27 163
J 14 30 13 I 0-68 0 44 1-54
J 1 31 8 0 0-12 0-11 1-10
J24 35 7 0 0-29 0-97 0 30
J 4 44 9 II 0-67 0-14 4-80
1 5 46 6 II 0-35 0-44 0-80
J 17 46 10 II 2-61 0-32 8-20
J 2 50 II 11-26 0*11 11*50
J 19 52 11 I 0*33 0*26 127
J 12 55 4 I 0*98 0*39 2-50
J 6 58 28 I 0*98 0*25 3*90
129 59 30 II 1*89 0*44 4*30
J 10 62 20 I 0-89 0-72 1-23
J 13 65 10 II 0*48 0*20 2*40
J26 68 11 II 1*14 0*73 1*56
J 8 68 27 IV 0-49 0 13 3-78
J 34 69 21 III 0 90 0 43 2-10
J22 70 14 I 0*23 0*22 I-04
J21 71 14 I 0-16 0-19 0-84
J 16 72 14 I 0-14 0-25 0-56
J 31 73 4 III 1 53 0-63 2-43
J 27 73 21 IV 0-78 0-10 7-80
J 7 73 8 II 0*88 0*21 4-09
J 28 74 10 I 0*65 0*26 2-50
J 3 74 8 1 1.0 0-26 3-84
J 32 75 24 II 0-49 0-37 1-33
J23 75 10 I 0*30 0*21 143
J 20 81 17 IV 0-79 0-36 2-16
J 18 83 11 IV 172 0*22 7*80

Grades of osteo-arthritic cartilage changes as judged by the naked eye are according to Collins (1949, p. 76).
Grade 0: Normal cartilage.
Grade I: Superficial flaking in areas of pressure and movement.
Grade II: More extensive cartilage destruction not denuding bone.
Grade III: Total loss of cartilage in one or more pressure areas and obvious osteophytes.
Grade IV: Complete loss of cartilage from large areas with eburnation of exposed bone; obvious osteophytes.
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ANNALS OF THE RHEUMATIC DISEASES

with a blood dyscrasia treated with cortisone.
Cortisone is known to inhibit the fixation of sulphate
by cartilage (Layton, 1951; Bostrom and Odeblad,
1953), but we do not know if this might affect one
cartilage area more than another.
We believe that the presence of osteo-arthritis, or

age-changes of the same pattern but of less degree,
is responsible for the enhanced uptake of sulphate
by the cells of the articular cartilage of older sub-
jects, and, indeed, this increase of cellular activity is
itself an age-change. Apart from the presence or
absence of naked-eye abnormality of the cartilage,
the degree of that abnormality, judged on the
grades proposed by Collins (1949), does not seem
from Table III to be closely related in individual
cases with the numerical index of articular: costal
cartilage activity, though, when averaged, cartilage
changes of Grade I have a lesser mean activity
than those of higher grades (Table V).

TABLE V
SUMMARY OF TABLE III BY GRADE OF OSTEO-ARTHRITIS,
SHOWINGTHE HIGHER ARTICULAR: COSTAL CARTILAGE
ACTIVITY INDEX WITH VISIBLE CARTILAGE CHANGES

Grade of Number of Mean Articular: Costal
Osteo- Cases in Cartilage Activity

Arthritis Each Group Index

0 4 0-67
I 12 1-84

II 9 4-33
III 2 2-27
IV 4 5 39

Discussion
Layton (1949), using radioactive (35S) sulphate,

found by direct measurement after chemical extrac-
tion that cartilage takes up the sulphate ion in vitro.
It is now well established that sulphate is fixed by
cartilage in the elaboration of chondroitin sulphate
in vitro as well as in vivo (Bostrom, 1952; Bostrom
and Mansson, 1953; Boyd and Neuman, 1954).
Furthermore, Pelc and Glucksmann (1955) and
Curran and Gibson (1955-56), using autoradio-
graphs, have demonstrated that the uptake of
sulphate is a function of the intact chondrocyte, and
Curran and Gibson clearly state that this may be
used as a test for the viability of the cell.
The ability of animal cartilage to incorporate

sulphate is reduced by homogenization before
incubation, by freezing and thawing, by heating to
a temperature over 430 C., by incubating in an
atmosphere of nitrogen, by cyanide, malonate,
mersalyl, cortisone, and many other substances
(Bostrcm and MAnsson, 1953; Boyd and Neuman,
1954; Curran and Gibson, 1955-56). In the present
study we found that cartilage in fluid medium
brought momentarily to the boil loses all ability

to fix sulphate. Sulphate uptake increases with
rising temperature up to 430 C. (Bostrom and
Mansson, 1953), and when glucose is added to this
medium (Boyd and Neuman, 1954). All this
information leads to the conclusion that the uptake
of sulphate by cartilage is a vital cellular process and
one that is involved in chondroitin-sulphate syn-
thesis. Hence it can be concluded that by measuring
sulphate utilization we are measuring the rate of
synthesis of chondroitin-sulphate in a sample of
cartilage by the cells it contains.
Most quantitative measurements of the amount of

sulphate fixed by cartilage have been carried out in
animals. The ability of calf cartilage to fix sulphate
decreases with increasing length of time after
slaughter, and after 4 days only little activity remains
(Bostrom and Macnsson, 1953). Increasing age has
also been shown to influence adversely this function
of the chondrocyte (Layton, 1951; Bostrom and
Mansson, 1953; Dziewiatkowski, 1954). Embryonic
chick cartilage was found to be 200 times more
active than adult cartilage (Boyd and Neuman,
1954). Qualitative studies with autoradiographs
have previously shown that human costal cartilage
remains viable for up to 72 hrs in the cadaver
(Gibson and Curran, 1957). The present study
confirms this quantitatively by showing that
measurable amounts of sulphate are fixed by samples
of cartilage obtained at routine post mortem exami-
nations made at intervals up to 36 hrs after death.
The initial assays on post mortem cartilage, when
compared with the higher counts obtained from
biopsy samples, suggest that cartilage deteriorates
more rapidly in the cadaver than when stored
in vitro. This is not due only to the slower cooling
of the whole body but, in our view, is largely
accounted for by the retention of perichondrial
tissues. Curran and Gibson (1955-56) noted that
cartilage stored in plasma clot showed a more rapid
loss of vitality.
The uptake of sulphate may be taken as a measure-

ment of chondrocyte respiration, and is inhibited by
anything that inhibits cell respiration (Boyd and
Neuman, 1954). The results of studies with 35S are,
in general, well in line with the observations by
Bywaters (1937) on the respiration of cartilage.
Bywaters studied glycolysis in cartilage; oxygen
consumption was generally too little for direct
measurement. He pointed out that respiratory
estimations must take into account not only the
weight of the tissue investigated but its cell popula-
tion; foetal rabbit cartilage showed ten times as much
glycolysis per mg. but only twice as much per cell.
The very high sulphate uptake by infant rib cartilage
in our cases is certainly due in some measure to its
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CHONDROCYTE FUNCTION OF ARTICULAR AND COSTAL CARTILAGE

great cellularity, but autoradiographs (Fig. 4) also
suggest a more intense radioactivity over each cell.
Not all cartilage cells in a tissue slice show

uniform activity. Curran and Kennedy (1955)
demonstrated by injections of labelled sulphate into
mice in vivo, that the mature chondrocyte shows the
greatest utilization of sulphate; the least mature
cells adjoining the perichondrium and the large
vacuolated cells towards the centre do not retain
the ion to the same extent. Dziewiatkowski (1951)
also showed in the rat epiphysis that newly differen-
tiating and post-mature cartilage cells used rela-
tively little sulphate. These considerations imposed
certain precautionary steps on us in sampling our
specimens. Every costal cartilage from which
results are here included was sliced in full transverse
section so that our assay results express the activity
of all the chondrocyte population of the specimen.

Despite these precautions, the interpretation of
findings in the investigation of costal cartilage is
not easy. 0wre (1936) stated that degeneration
took place so early and was of such general occur-
rence in rib cartilage that he was unable to draw
conclusions from his observations in regard to any
constitutional tendency to cartilage degeneration.
In our study the frequency of microscopic foci of
degeneration and calcification and their irregular
distribution made results difficult to interpret.
However, certain trends were noticeable. On
storage at 40 C., there is a steady decline in activity
(Figs 1 and 2). The regularity of decline was most
obvious in biopsy material, and this decline was
greatly accelerated at room temperature (Fig. 3).
These results are in agreement with the behaviour
of animal tissues already described (Bostrom and
Mansson, 1953). Table I shows that chondrocyte
activity in costal cartilage falls rapidly in early
childhood and probably continues to fall through
adolescence, but the fall in later adult life is not
statistically significant. What is important is that
the activity does not seem to rise again as does the
activity of articular cartilage (Tables II and IV).
The differing metabolism of human costal and

articular cartilage, more pronounced with increasing
age, is the main matter that we have demonstrated
in the present investigation. This disposes of the
view that a generalized or systemic degradation
occurs in all the cartilage cells of the body as age
advances. We have never assumed that all cartilage
throughout the body might have the same metabolic
activity. Mouse autoradiographs (Pelc and Glucks-
mann, 1955) have shown that such is not the case.
But the change with ageing in the articular: costal
cartilage activity index has not previously been
measured in any species.

It remains to discuss the relationships between the
increased activity of chondrocytes with age, and
osteo-arthritic fibrillation and destruction of car-
tilage (Tables III and V). Matthews (1952) showed
that the content of chondroitin sulphate was greater
and that of collagen less in weight-bearing than in
non-weight-bearing cartilage. In a later paper,
however, Matthews (1953) showed that there was
a relative loss of chondroitin sulphate in the fibril-
lated areas of osteo-arthritic cartilage. Chrisman,
Bechtol, Coelho, Rose, and Brennan (1958) dis-
covered elevations of inorganic sulphate in joint
fluid in established degenerative arthritis, and
advanced the theory that degenerating cartilage
might be the source of this sulphate. Is it the case
that not only is sulphate liberated by disintegrating
matrix, but that the articular cartilage cells are over-
active in synthesizing more sulphated compound?

Summary and Conclusions
The utilization, or fixation, of labelled sulphate

ion, 35SO4, is a measure of chondroitin-sulphate
synthesis by cartilage cells.

This function of the chondrocytes has been
studied in vitro in 54 samples of human costal
cartilage and in 32 samples of articular (patellar)
cartilage. Ten biopsy samples of costal cartilage
were obtained at operation; in all other cases the
material was collected at necropsy.
The results of radiochemical assay have been

expressed as [tg. sulphate taken up by 1 g. dried
cartilage. Autoradiographs have also been pre-
pared, and consideration has been given to matters
of cell population and the viability of individual
cells.

Storage of cartilage in incubation medium at
40 C. leads to a slow decline in chondrocyte function,
but 50 per cent. of activity still remains after 3 to 4
days (Figs 1 and 2). Chondrocyte activity declines
more rapidly when cartilage is stored at room
temperature (Fig. 3) and when the perichondrial
tissues are left in situ.

In costal cartilage, sulphate utilization is high
in infants a few days old, less high in older children,
and much lower in the adult and elderly (Table I).
This is due to the increased cellularity and to more
active individual cells in young cartilage (Figs
4 and 5).

In articular cartilage, by contrast, sulphate
utilization tends to increase as age advances (Table
II, Figs 6 and 7).

Parallel studies of costal and articular cartilage
were made post mortem in 31 cases, the time after
death and the storage conditions being the same
for the two samples. In young subjects costal
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ANNALS OF THE RHEUMATIC DISEASES
cartilage is more active than articular, but after
middle age, and especially when "degenerative"
changes are present in the joint, there is considerably
greater activity of articular over costal cartilage
(Tables III, IV, and V).
The evidence presented disposes of the view that

there may be a general or systemic degradation of
cartilage cell function throughout the body as age

advances. It shows, moreover, that, even in severe
"degenerative" (osteo-) arthritis, the chondrocytes
have not lost their ability to synthesise chondroitin
sulphate; indeed this function seems to be stimu-
lated.

The work here reported was performed with the aid of
a research grant from the Empire Rheumatism Council,
for which we are very grateful.

We wish to acknowledge the help of many colleagues,
especially Prof. R. C. Curran for advice on technical
methods and equipment, Drs J. L. Emery and A. J. N.
Warrack for some of the post mortem material, and
Messrs A. Fawcett and B. N. Catchpole for the biopsy
tissues. We are much indebted to Miss H. M. Davies
of the Department of Statistics for advice, and to Miss
Pauline M. Wilson for assistance in all the technical
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Comparaison de la fonction des chondrocytes des cartilages
articulaire et costal humains par la mesure de l'absorption

in vitro de sulfate marqu6 (35S)
REsuME

L'utilisation, ou fixation, de l'ion sulfate marque
35S04 permet de mesurer la synthese de chondroitin-
sulfate par les cellules cartilagineuses.

Cette fonction des chondrocytes fut etudiee in vitro
sur 54 prelevements de cartilage costal et 32 de cartilage
articulaire (rotulien). Dix pr&16vements de cartilage
costal furent effectues en chirurgie; dans tous les autres
cas le materiel fut obtenu en autopsie.

Les resuitats des analyses radio-chimiques est exprime
en pg. de sulfate fixed par 1 g. de cartilage sec. On
obtint aussi des autoradiographies et on prit en con-
sideration la population cellulaire ainsi que la viability
des cellules individuelles.
La conservation du tissu cartilagineux en un milieu

d'incubation a 40 C. mene a une lente diminution de la
fonction chondrocytaire, de maniere qu'elle descend
a 50% au bout de 3 a 4 jours (figs I et 2). L'activite
chondrocytaire baisse plus rapidement en temperature
ambiente (fig. 3) at lorsqu'on laisse in situ les tissus
perichondriaux.
Dans le cartilage costal, l'utilisation du sulfate est

elevee chez des enfants ages de quelques jours, moindre
chez des enfants plus grands et tres basse chez des
adultes et des personnes agees (Table I). Cela est dui a
un contenu sup&rieur en cellules et une plus grande
activity cellulaire dans le cartilage jeun (figs 4 et 5).
Dans le cartilage articulaire, par contre, l'utilisation

du sulfate tend a augmenter avec l'age (Table III,

figs 6 et 7).
Des etudes paralleles sur le cartilage costal et articu-

laire furent effectuees post mortem en 31 cas, le temps
depuis la mort et les conditions de conservation etant les
memes pour les deux types d'echantillon. On observa
que chez des sujets jeunes le cartilage costal est plus
actif que l'articulaire, mais, apres l'age moyen, surtout
en presence d'alterations articulaires "degeneratives",
c'est le cartilage articulaire qui est plus actif (Tables
III, IV et V).

Les donnees presentees ci-dessus detruisent l'hypothese
selon laquelle il y aurait une diminution generale et
systematique de la fonction des cellules cartilagineuses
dans l'organisme entier au fur et a mesure que l'age
avance. Elles montrent aussi, que meme dans de
severes (osteo-) arthrites "degeneratives", les chondro-
cytes ne perdent par leur capacity de former le chon-
droltin-sulfate; tout au contraire, cette fonction semble
etre stimulee.

Comparacion de la funcion de los condrocitos de los
cartilagos articular y costal humanos, utilizando la medida

de la absorcion in vitro de sulfato marcado (35S)

SUMARIO
La utilizacion, o fijacion, del i6n sulfato marcado

35S04 es una medida de la sintesis del condroitin-sulfato
por las celulas cartilaginosas.

Esta funci6n de los condrocitos fue estudiada in vitro
en 54 muestras de cartilage costal y 32 de cartilage
articular (rotuliano). Diez de las muestras de cartilage
costal fueron tomadas bi6psicamente durante inter-
venciones; en todos los dem.as casos el material fue
obtenido en necropsias.

El resultado de los analisis radio-quimicos se expresa
en ,g. de sulfato fijado por 1 g. de cartilage seco. Igual-
mente se obtuvieron autoradiografias, y se tom6 en
consideraci6n la poblaci6n celular asi como la viabilidad
de las celulas individuales.
La conservaci6n del tejido cartilaginoso en un medio

de incubaci6n a 40 C. lleva a una lenta disminuci6n de
la funci6n de los condrocitos, pero despues de 3 o 4 dias
aun queda un 50% de esta actividad (figs 1 y 2). La
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CHONDROCYTE FUNCTION OF ARTICULAR AND COSTAL CARTILAGE 41
actividad de los condrocitos baja mas rdpidamente en la condiciones de conservaci6n para ambos tipos de
temperature ambiente (fig. 3) y cuando se deja in situ muestras. Se pudo apreciar que en los sujetos j6venes
los tejidos pericondriales. el cartilage costal es mas activo que el articular, pero,
En el cartilage costal, la utilizaci6n del sulfato es pasada la edad media, y especialmente cuando existen

elevada en los ninos de pocos dias de edad, menor cambios "degenerativos" en la articulaci6n, el cartilage
en los nifios mayores y mucho mas baja en los adultos articular presenta una considerable mayor actividad
y ancianos (Tabla I). Esto es debido a un superior que el costal (Tablas III, IV y V).
contenido en celulas y a una mayor actividad celular en Los datos presentados destruyen la idea de que una
el cartilage joven (figs 4 y 5). disminuci6n general y sistematica de la funci6n de las
En el cartilage articular, por el contrario, la utilizaci6n celulas cartilaginosas de todo el organism pueda

del sulfato tiende a incrementarse con la edad (Tabla III, ocurrir a medida que la edad avanza. Ellos demuestran
figs 6 y 7). ademas que, aun en severas (6steo-) artritis "degenera-

Estudios paralelos en cartilage articular y costal tivas", la capacidad de los condrocitos de sintetizar
fueron realizados post mortem en 31 casos, siendo condroitin-sulfato no se pierde; al contrario-esta
identicos el tiempo transcurrido desde la muerte y las funci6n se ve estimulada.
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