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The effects of cortisone on connective tissue have long been the subject of
keen interest. Several studies — mostly utilizing radioactive sulphate — have
shown that cortisone reduces the synthesis of chondroitin sulphate.

In the rat, Forris (1951) found the proliferation of the epiphysial cartilage to be inhibited,
and also noted a decrease in osteolysis in the metaphysis. SissoNs and Hapwrerp (1955)
showed that repeated injections of cortisone led to retardation of the growth of the long bones
(in rabbits and rats) and also observed that the epiphysial cartilage zone became narrower
than is normal and had a diminished number of hypertrophic cells, while at the same time
the bone trabeculae in the metaphysis became short and thick and fewer in number. They
also noted that these trabeculae contained especially highly calcified cartilage matrix.

In view of the wide clinical use of cortisone, it seemed of interest further and
with different methods to study the effect of cortisone upon the morphology and
function of the epiphysial cartilage.

Papain has been found to have a marked effect on cartilage in different experi-
mental animals (Tmomas 1956, Hurra 1958, WESTERBORN 1961), including the
disappearance of chondroitin sulphate from the cartilage matrix, cellular changes,
and inhibited endochondral growth. THOMAS and his associates (1960) have shown
that large doses of vitamin A may lead to cartilaginous changes resembling those
brought about by papain.

Therefore the experiments were extended to study the effect of cortisone in
combination with papain and with vitamin A with histologic and autoradio-
graphic (following the administration of radioactive sulphate) techniques.

Material and Methods

The experimental animals were young rabbits weighing between 250 and 400 g. Cortisone
was administered subcutaneously in a daily dose of 6.5 mg (Cortril, Pharmacia).

Vitamin A (Arovit, Roche) was given in a daily dose corresponding to 300000 i. e. in
intramuscular injection.

Papain was given intravenously in a single dose corresponding to 10 mg of crude papain
per kilogram of body weight. An 1 per cent filtrated solution of crude papain (Merck) in
sodium chloride was used.

Radioactive sulphate (835 X SjS 2, Radiochemical Centre, Amersham), was administered
intravenously in a dose corresponding to one half millicurie per 100 g.

The animals were divided into four groups of nine each, added to which there was the
requisite number of untreated controls. As controls for the papain experiments we used a
series published earlier (WESTERBORN 1961).

Group 1: Cortisone alone. The rabbits were sacrificed 24 hours after the final cortisone
injection. Three animals were killed after four injections, three after eight, and three after
fifteen cortisone injections.
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Group 2: Vitamin 4 alone (control group). The animals were sacrificed three at a time
after one, five, and ten days’ vitamin A administration respectively.

Group 3: Cortisone in combination with vitamin A. The animals were killed in groups of
three after one, five, and ten days’ treatment respectively.

Group 4: Cortisone in combination with papain. Cortisone was given for two (6 animals)
and five days (3 animals) respectively. Papain was administered in a single dose 6 hours,
48 hours, or 5 days before death to groups of three rabbits, so that the animals which received
papain 6 or 48 hours prior to sacrifice had received cortisone for 48 hours, while those given
papain 5 days before death had been treated with cortisone for 5 days.

S35 was given to all the animals in such a way that in each group of three one rabbit had
received the radioactive sulphate 2 hours, one 24 hours, and one 5 days before death.

The animals were killed by air embolism. The distal radius and ulna were immediately
removed and fixed in 10 per cent formalin. Decalcification was performed in a solution of
equal parts of 20 per cent formic acid and 44 per cent monosodium citrate. The specimens
were then embedded in paraffin and sectioned. Two or three sections were stained conven-
tionally with haematoxylin-eosin, after which five sections were prepared for autoradio-
graphy with the so-called stripping film technique. Two of these sections were prestained with
haematoxylin while three were left unstained. After exposure at 49 C for some 35 days, the
films were developed and mounted (cf. ENGFELDT and WESTERBORN 1960a).

Results

Histologic Examination

Group 1. Cortisone. In animals given cortisone for four days (Fig. 1b), the
changes were most marked in the bone trabeculae of the metaphysis. These were
short and thicker than normal and were seen to contain plentiful amounts of
calcified cartilage matrix, while at the same time the acidophilic bony seam was
abnormally thin. The cartilage cells were negligibly altered or normal. The
proliferative cells in the cartilage zone were changed in shape and stained less
readily. The cartilage zone was irregular and narrower than is normal owing to a
decrease in the number of hypertrophic cells.

The animals given cortisone for eight days (Fig. 1¢) showed more pronounced
changes. The cartilage zone was distinetly narrower than is usual and the trabe-
culae in the metaphysis were changed in the manner described above. In several
specimens there was a distinet boundary some distance down in the metaphysis
between trabeculae closest to the cartilage containing plentiful basophilic matrix
and a thin or non-existent bony seam, and thick trabeculae further distally in the
metaphysis a strong acidophilic bony seam. In the metaphysis there were also
a number of cartilage cells which had not been absorbed in the normal manner.
Both the hypertrophic and proliferative chondrocytes were damaged, stained
poorly, and often had a pyknotic nucleus.

The cartilage zone showed irregular organization: fairly large regions lacked
cells, so that there was more matrix than is normal. The staining properties of
the matrix were somewhat weaker than is usual. In the metaphysis, close to the
epiphysial cartilage, osteoblasts were seen — many damaged and pyknotic —
lying loose in the medullary cavity.

After 15 days’ cortisone administration {Fig. 1d), the changes were even more
advanced. Occasional short and thick bone trabeculae bordered directly on the
epiphysial cartilage. The transition itself was spiral-shaped and some of the
trabeculae were fractured. The capillaries were not of small calibre as is usual but
merged to form pools in places, frequently abnormally surrounded by cartilage
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cells of abnormal situation in the metaphysis. Otherwise, the cartilage cells
showed the same damage as described above. This was also true of the osteoblasts,
of which very few were perceptible in these specimens.
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Fig. 1a—d. Distal radius growth zone. Haematoxylin-eosin. 144 x. a Untreated. Normal growth

zone. b Treated with cortisone for 4 days. Irregular and narrow cartilage zone. Short and coarse bone

trabeculae in the metaphysis. ¢ Treated with cortisone for 8 days. In the metaphysis several non-

resorbed cartilage cells are observed. The amount of osteoblasts is reduced. d Treated with cortisone

for 15 days. Irregular cartilage zone. Unresorbed cartilage cells and short irregular and coarse bone
trabeculae in the metaphysis. For details see text

Group 2. Vitamin A. In our dosage, vitamin A affected the histologic
appearances fairly little. One day’s administration led to no distinct change, but
15%
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the animals which had been given the substance for five days (Fig. 2a) — and
especially those treated for ten days — exhibited some changes. These consisted
chiefly in shortening and thickening of the bone trabeculae in the metaphysis.
Prolonged treatment also appeared in most cases to lead to deepening of the
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Fig. 2a u. b. Distal radius growth zone. Haematoxylin-eosin. a 120 x. Treated with vitamin A for

5 days. Slight irregularity of the organization of cartilage cells. In the metaphysis spiralshaped bore

trabeculae. b 250 x. Treated with cortisone and vitamin A for 5 days. Changes in the growth zone

comparable with Fig. 1¢ and d. In the metaphysis a border is seen between normal bone trabeculae
distal and thick trabeculae without normal bony seam close to the cartilage

cartilage zone and an increase in the number of hypertrophic cells. The organiza-
tion of the cartilage columns was irregular. Otherwise the cartilage cells showed
no distinet changes and their staining properties seemed to be unaltered. In this
group, too, there were in places non-absorbed chondrocytes down in the meta-

physis.
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Group 3. Cortisone plus vitamin A. Animals given cortisone and vitamin A
for five days showed appreciable histologic changes, on the whole corresponding
to those described in the cortisone group. A characteristic feature was that
the organization of the cartilage was irregular and that the transition of epi-
physial cartilage to metaphysis was uneven. Another typical characteristic was
the large number of cartilage cells in the metaphysis which had not been absorbed
in the manner normal to bone formation. The group given cortisone and vitamin A
exhibited more pronounced changes, with a narrow cartilage zone and thick,
short bone trabeculae. The hypertrophic cells in particular, and the osteoblasts,
showed distinct changes (cf. above). However, in these specimens, too, the
staining properties of the cartilage were practically normal (Fig. 2b).

Group 4. Cortisone plus papain. The animals given cortisone for two days
and papain two or 48 hours before death (Fig. 3a) all exhibited changes wholly
characteristic of those associated with papain, consisting in loss of basophilic
staining and distinet cellular changes (WESTERBORN 1961). After 48 hours the
proliferative cells had recovered somewhat and were again basophilic, lying in a
wholly acidophilic matrix. The animals which had undergone a 5-day course of
cortisone (Fig. 3b) and had been given papain concurrently with the initial corti-
sone injection showed more advanced changes than those described earlier in
animals given papain alone. In none of the specimens had regeneration of hyper-
trophic cells definitely started. The proliferative cells were basophilic while the
matrix still lacked basophili. The bone trabeculae were short and thick without
cartilage remnants, suggesting that no growth had occurred since the start of the
experiment. The ostecblasts were of normal appearance but were considerably
fewer than is normal and were in some regions wholly absent. The number of
cells in the cartilage was less than is usual five days after the injection of papain.

Autoradiographic Examination

The normal specimens corresponded with those described earlier (ENGFELDT
and WESTERBORN 1960a). Accordingly, two hours after the sulphate injection
there was a strong uptake in the cartilage zone with all the activity situated intra-
cellularly, chiefly in the proliferative but also in the hypertrophic zone (Fig. 4a).

Twenty-four hours after the sulphate injection, activity was seen over all the
cells down to the metaphysis and also in the portion of the matrix closest to the
cells. Characteristically, the pattern of uptake over the proliferative and hyper-
trophic cells had the appearance of a ring — that is, the centre of the cell lacked
activity (Fig. 5a). Five days after the injection of S% the activity was seen mainly
in the cartilage matrix and in the remnants of that tissue enclosed in the bone
trabeculae lying closest to the epiphysial cartilage (Fig. 6a).

Group 1. Cortisone. The blackening was appreciably less heavy than is usual,
and the longer the cortisone therapy had lasted the weaker was the uptake of
S5, Two and 24 hours after the S3% injection, the uptake in every specimen was
more diffuse than is normal, and the characteristic 2-hour picture of distinct intra-
cellular uptake had in part changed (Figs. 4b and 5b). Twenty-four hours after
the §% injection most of the activity was diffusely distributed within cell columns
and matrix. At the same time the ring-pattern mentioned above was absent and
the cells seemed not, as is normal, to have freed their centres from activity



A. Hurra and O. WESTERBORN :

214

ar

'a

#

v

oS, ¢
L

=)

o,

‘{L

Pooqerst XIrjew age]
SI30E0 oYY USAH ‘g
dn usyw} 30U 0ARY
S[[e0 AuRIy ‘SUWN]OD
1190 XeIFOdaT "¢ JO
feqdn  poysturmar(
‘sdep § JI0J OUOS
~TI00 M PotBed], q
*1X89 008 ‘wead
-orpetoine  [RULION
"poYedIIUl) € g JO
o109 (UTI03Je SINoY g
"X PPI Tpoulels
-U) ureldorpeloiny
‘OU0Z TIM0I8 snipeld
1898t "q '™ BF “SIL

$980d XTagew o1 ryd
-opoRIulpnoul ovIno
-0(BI] OUOq Je[NIoIIL
1I0T[§ PUL OSIROD 018
o101 sIsAydejata oyg
uy ‘XLI)RW oge[i)ded
onrqdoproe pue S0
omgdoajredAy  oa130®
pue 23rel UM OUOZ
oge[1azo JRTILSOLIT
puBR MOLIBN qJBIp
21039q sdep ¢ ureded
uaAl8 pue sdwp ¢
10] OUOSTII00  TIM
porrasy, 4 ureded
Ypm A0 pejeol}
s{ewITue Ui s sojueyo
oures ‘s[e0 oge[3aeo
Jo oa3purep oJeAes
pUR XLI)RU 93R[111680
oyl ur Aygiqeure)s
offiydoseq Jo ssorf
*1[4eaP 9I0J0Q 8INOT H
ureded uoAlg pue
SAep g JI0) OUOS[]I0D
QI POYLILL B " X FFT
‘UIS0S-UI[AX0)BUORH
‘OU0Z IMOXF SnIpes
Testq ‘q " 'g "Jq



artilage

hysial C

1p

Effect of Cortisone on the Ep

9x0) 908 "( Ul se SISAYdR)OUI 013 UL U9 ST 7891 X[IJRU PO[[AQR] Suoajs jo pueq oN
11078 ATOA 4% ¢S YIIM PO[PQR] ORIROOGRI} QUOY O], *0U0Z oFe[r}aed oY} Jo SUI[OQR] ISNFIP PUB YA\ "SLEP § JOJ SUOSIHI0N UM POJROL], O “U99S S S1S9I XKL
POTIOqeR] SUOIMS JO PUR( 98I0ASURI) © SISAUdRIOW oY) UT [RISI *OR[N0GRI) 0UO0( o1 UT PUr ‘UCZ 9FRI3Ie0 0u) Ul ojeydins Jo oyeqdn yeop ‘sdep § 10] SUOSIJI00 YA
POYBOLL, ¢ ‘IX0) 00§ “WRAS0IPRIOINE [RTION *POJBAIIUN B g,S JO UOIISIUT 1038 SARD ¢ * X FFT "POUIB)SU[] "WBISOIPRIOJNY "oUOZ YIMOIS STIpel (eIl o—eg S
1x0) 00g Suroqel ASNIIp A[[EWIOUUNR PUB ,.& JO OYejdn POUSTUIWI([ ‘OU0Z ISE[IIIBY MOIIEN °SARP § I0T JUOSIJI00 YIIM Pojesal], ¢
“1X09 098 WRISOIPRICINE JRULION ‘DAIEOMTY) B ‘e§ JO UOM0d[ul 10338 SMOY $7 ~x FF1 PAUISU[] "WIRISOIPRIOINY -0U0Z UIMOIF SnIpwl |®ISKT q "N eg 3Ll

a9 0 Wi qo wo




216 A. HurtH and O. WESTERBORN :

(Fig. 5b). In the experiments in which the rabbits had been given S35 five days
prior to sacrifice, the height of bone trabeculae containing blackened matrix was
appreciably less than is normal, and after 15 days’ cortisone administration there
was no uptake in the metaphysis (Fig. 6D, a, d, ¢). The animals given cortisone
for 4 days and the radioactive sulphate 5 days before death exhibited a band of
greatly blackened matrix farthest distally in the metaphysis (Fig. 6b); this con-
trasted against the extremely weak uptake of the cartilage zone and other parts

Fig. 7. Distal radius growth zone. Autoradiogram. Unstained. 250 x. 2 hours after injection of S22,

Treated with cortisone for 5 days, and given papain 5 days before death. Narrow and irregular cartilage

zone. Diffuse labelling with very strong labelled proliferative and hypertrophic cartilage cells. See
Fig. 3b and text

of the metaphysis. If sulphate was injected. five days after the start of cortisone-
treatment and the animals killed five days after sulphate injection this band of
blackened matrix distally in the metaphysis was not observed (Fig. 6¢).

Group 2. Vitamin A. The autoradiographic examination revealed no devia-
tions of note from the normal picture. Animals given S five days before death
and treated with vitamin A for ten days had bone trabeculae in which the height
of the blackened region of the matrix was appreciably less than is normal.

Group 3. Cortisone plus vitamin A. The autoradiographie findings in this
group corresponded on the whole with those in Group 1. Blackening was appre-
ciably weaker than normal in all specimens. The non-absorbed cartilage cells in
the metaphysis had not taken up any activity.
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Group 4. Cortisone plus papain. In specimens from animals given papain
6 or 48 hours before death and cortisone for two days, the autoradiographic
appearances corresponded with those described earlier in rabbits treated solely
with papain (ExeFELDT and WESTERBORN 1960b): six hours after the papain
injection there was diffuse blackening of the cartilage zone even in specimens
from animals which had received the radioactive sulphate only two hours before
death, and the proliferative cells in every instance appeared in almost normal
measure to take up activity 48 hours after the papain injection. In specimens from
animals given papain five days prior to sacrifice and cortisone throughout that
period, the cells present in the proliferative zone were seen to function; two
hours after the sulphate injection these cells showed an uptake which was strong
although somewhat more diffuse than usual (Fig. 7). The hypertrophic cells,
when still present in the cartilage, were not seen to show activity.

Discussion

The effect of cortisone upon epiphysial cartilage described earlier, consisting
in narrowing of the epiphysial cartilage zone resulting chiefly from a reduction in
the number of hypertrophic cells, and diminished growth in the long axis, was
confirmed in the present experiments. We found this in part to be due to the
cartilage cells being damaged by the cortisone therapy. Another feature charac-
teristic of the damage to the epiphysial cartilage is that the absorption of the
hypertrophic cells is not as effective as normal, but that a number of cells are seen
down in the metaphysis. This may be attributable to an impairment in the
absorptive faculty of the metaphysial capillaries, or perhaps to the cell damage
mentioned above. The experiments also showed that the osteoblasts in the
metaphysis are fewer than usual and often damaged. This, in its turn, may account
for the bone trabeculae nearest to the cartilage zone consisting chiefly in calcified
cartilage matrix with an extremely thin bony seam or none at all.

In the cortisone plus vitamin A series, there were no noteworthy changes over
and above those observed to follow cortisone administration alone. This seems
somewhat remarkable in view of the severe changes described by THOMAS and his
associates (1960) in experiments with vitamin A alone. In our control experi-
ments with the vitamin alone, the changes in the epiphysial cartilage were rela-
tively slight despite the fact that we used the same dosage as the American in-
vestigators; we were, then, not able to verify their results in our experiments.
However, a point which may or may not be of significance is that in our study
we used younger and smaller experimental animals. (Growth may have been
quicker in our rabbits.)

The combination of cortisone and papain led to severe histologic changes which,
6 and 48 hours respectively after the papain injection, corresponded with those
described following the administration of papain alone. If continued, the cortisone
administration appears to prevent the restitution of the cartilage which occurs
after treatment with papain only. It was of especial interest to note that the
numbers of proliferative and hypertrophic cells in the animals treated with corti-
sone were considerably reduced as compared with animals given papain alone.
However, the cells which were present seemed to regain their usual faculty of
producing basophilic matrix (Fig. 7).
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Autoradiographic examination revealed appreciable deviations from normal.
The uptake of radioactive sulphate was considerably reduced during cortisone
administration, which agrees with the supposed retarding effect of cortisone upon
the synthesis of chondroitin sulphate. The cellular damage mentioned in the
foregoing is exemplified by the lost ability of the proliferative and hypertrophic
chondrocytes in the cartilage columns of normal, distinet, intracellular uptake.
Twenty-four hours after the 8% injection, the chondrocytes should normally
show activity, so that a ring-pattern is seen, while at the same time the radio-
activity invades the matrix nearest to the cells. In the cortisone experiments
this ring-pattern failed to materialize, and the diffuse blackening seen over the
matrix and cells in our view confirmed the cellular damage. The experiments also
verified the definite reduction in growth during cortisone administration, by
measurement of the length of the S*.marked bone trabeculae. In animals
sacrificed five days after the radioactive sulphate injection, which had received
cortisone only during those five days, the sulphate taken up by the cartilage before
the cortisone had had time to act was seen to produce heavy probably normal
blackening furthest distally in the bone trabeculae, while otherwise the marking
was weaker and more diffuse than is normal. In animals treated more than 5 days
with cortisone this zone of heavy blackening was absent (Fig. 6¢).

The papain experiments showed the small number of proliferative cells in the
severely damaged cartilage still to function normally with a heavy sulphate
uptake despite current cortisone administration. Nor did the cortisone appear
to impede the strongly increased function described in the proliferative cells
restituted or newly formed on the second to fourth day after the 1n]ect10n of papain
in animals treated with that agent alone.

Summary

Cortisone leads to damage of the epiphysial cartilage cells of young rabbits,
and also of the osteoblasts in the metaphysis, which brings about a change in
the appearance of the bone trabeculae in the metaphysis; growth and the faculty
of the cartilage cells to produce chondroitin sulphate is reduced, as demonstrated
by autoradiography. Combined treatment with vitamin A and cortisone leads
to the same changes as cortisone alone. In combination with papain cortisone,
during the first few days at any event, does not influence the effect of papain
on the cartilage. Prolonged cortisone administration impedes the restitution of
the papain-induced changes; the cartilage cells however regain their faculty
of chondroitinsulphate synthesis despite the administration of cortisone as shown
by autoradiography.

Die Wirkung von Cortison auf den Epiphysenknorpel.
Histologische und autoradiographische Untersuchungen.

Zusammenfassung
Cortison fithrt bei jungen Kaninchen zu einer Schadigung der Zellen des
Epiphysenknorpels und der Osteoblasten in der Metaphyse, so dal die knéchernen
Trabekel in der Metaphyse ein verdndertes Aussehen zeigen; das Wachstum ist
deutlich vermindert, ebenso die Fahigkeit der Knorpelzellen, Chondroitinsulfat
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zu bilden, wie man autoradiographisch nachweisen kann. Kombinierte Behand-
lung der Tiere mit Vitamin A und Cortison fithrt zu denselben Verdnderungen
wie Cortison allein. Mit Papain kombiniert, beeinflulit Cortison wenigstens
wahrend der ersten Tage nicht die Wirkung des Papains auf den Knorpel; lingere
Cortisonzufuhr hindert die Wiederherstellung nach den durch Papain verursachten
Verdnderungen. Wie die Autoradiographie zeigt, gewinnen jedoch die Knorpel-
zellen trotz der Cortisongaben ihre Fihigkeit zuriick, Chondroitinsulfat zu syn-
thetisieren.
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