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The effects of cortisone on connective tissue have long been the subject  of 
keen interest .  Several studies - -  most ly  ut i l izing radioactive sulphate  - -  have 
shown tha t  cortisone reduces the synthesis of chondroi t in  sulphate. 

In the rat, FOLLIS (1951) found the proliferation of the epiphysiM cartilage to be inhibited, 
and also noted a decrease in osteolysis in the metaphysis. SIssoNs and HAD•IELD (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 epiphysiM 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. 

I n  view of the wide clinical use of cortisone, i t  seemed of in teres t  fur ther  a nd  
with different methods  to s tudy  the effect of cortisone upon  the morphology and  
func t ion  of the epiphysial  cartilage. 

Papa in  has been found to have a marked  effect on cartilage in  different experi- 
m e n t a l  animals  (THomAs 1956, HULTH 1958, WESTERBORSr 1961), including the 
disappearance of chondroi t in  sulphate  from the cartilage matr ix ,  cellular changes, 
and  inhib i ted  endochondral  growth. TgOMAS and  his associates (i960) have shown 
tha t  large doses of v i t amin  A m a y  lead to cart i laginous changes resembling those 
brought  abou t  by  papain.  

Therefore the exper iments  were extended to s tudy  the effect of cortisone in  
combina t ion  with papa in  and  with v i t amin  A with histologic and  autoradio- 
graphic (following the admin is t ra t ion  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 (S as • 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 (WEsTEI~BOI~I 1961). 

Group 1: Cortisone alone. The rabbits were sacrificed 24 hours after the final cortisone 
injection. Three animMs were killed after four injections, three after eight, and three after 
fifteen cortisone injections. 
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Group 2: Vitamin A 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. 

S $5 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 fihn technique. Two of these sections were prestained with 
haematoxylin while three were left unstained. After exposure at 40 C for some 35 days, the 
films were developed and mounted (cf. ENGFELDT and WESTEI~BORN 1960a). 

Results 

Histologic Examinat ion 

Group 1. Cortisone. I n  animals  given cortisone for four days (Fig. 1 b), the 
changes were most  marked  in  the bone trabeculae of the metaphysis .  These were 
short  and  thicker t h a n  normal  and  were seen to conta in  plentiful  amount s  of 
calcified cartilage matr ix ,  while at  the same t ime the acidophilic bony  seam was 
abnormal ly  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 t h a n  is normal  owing to a 
decrease in  the n u m b e r  of hypert rophic  cells. 

The animals  given cortisone for eight days (Fig. 1 c) showed more pronounced 
changes. The cartilage zone was dis t inct ly  narrower t h a n  is usual  and  the trabe- 
culae in  the metaphysis  were changed in  the m a n n e r  described above. I n  several 
specimens there was a dis t inct  bounda ry  some distance down in  the metaphysis  
between t rabeculae closest to the cartilage containing plentiful  basophilic mat r ix  
and  a th in  or non-exis ten t  bony  seam, and  thick t rabeculae fur ther  distal ly in  the 
metaphysis  a strong acidophilic bony  seam. I n  the metaphysis  there were also 
a n u m b e r  of cartilage cells which had not  been absorbed in the normal  manner .  
Both  the hyper t rophic  and  proliferative chondrocytes were damaged, s ta ined 
poorly, and  often had a pyknot ic  nucleus. 

The cartilage zone showed irregular organizat ion:  fairly large regions lacked 
cells, so t ha t  there was more ma t r ix  t h a n  is normal.  The s taining properties of 
the ma t r ix  were somewhat  weaker t h a n  is usual. I n  the metaphysis ,  close to the 
epiphysial cartilage, osteoblasts were seen - -  m a n y  damaged and  pyknot ic  - -  
lying loose in  the medul la ry  cavity.  

After 15 days' cortisone administration (Fig. 1 d), the changes were even more 
advanced.  Occasional short and  thick bone t rabeculae bordered directly on the 
epiphysial cartilage. The t rans i t ion  itself was spiral-shaped and  some of the 
t rabeeulae were fractured. The capillaries were not  of small  calibre as is usual  bu t  
merged to form pools in  places, f requent ly  abnormal ly  surrounded by  cartilage 
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cells of abnormal situation in the metaphysis. Otherwise, the cartilage ceils 
showed the same damage as described above. This was also true of the osteoblasts, 
of which very few were perceptible in these specimens. 

F ig .  l a - - d .  D i s t a l  r a d i u s  g r o w t h  zone.  H a e m a t o x y l i n - e o s i n .  144 •  a U n t r e a t e d .  N o r m a l  g r o w t h  
zone. b T r e a t e d  w i t h  co r t i sone  for  4 days .  I r r e g u l a r  a n d  n a r r o w  ca r t i l age  zone.  S h o r t  a n d  coarse bone  
t r a b c c u l a e  i n  t he  m e t a p h y s i s ,  e T r e a t e d  w i t h  co r t i sone  for  8 days .  I n  t i le  m e t a p h y s i s  s e v e r a l  non -  
r e so rbed  c a r t i l a g e  cells are obse rved .  The  a m o u n t  of o s t e o b l a s t s  is  r educed ,  d T r e a t e d  w i t h  co r t i sone  
for  15 days .  I r r e g u l a r  c a r t i l age  zone.  U n r e s o r b e d  c a r t i l a g e  cells a n d  s h o r t  i r r e g u l a r  a n d  coarse bone  

t r a b e e u l a e  i n  t he  m e t a p h y s i s .  F o r  de t a i l s  see t e x t  

Group 2. Vitamin A.  In  our dosage, vi tamin 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. 2 a) - -  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 t rea tment  also appeared in most cases to lead to deepening of the 

F i g .  2 a  u. b.  D i s t a l  r a d i u s  g r o w t h  zone .  H a e m a t o x y l i n - e o s i n .  a 120 x .  T r e a t e d  w i t h  v i t a m i n  A lo r  
5 d a y s .  S l i g h t  i r r e g u l a r i t y  of  t h e  o r g a n i z a t i o n  of  c a r t i l a g e  cells.  I n  t h e  m e t a D h y s i s  s p i l ' a l s h a p e d  b o n e  
t r a b e e u l a e ,  b 250 •  T r e a t e d  ,~dth c o r t i s o n e  a n d  v i t a m i n  3_ fo r  5 d a y s .  C h a n g e s  i n  t h e  g r o w t h  z o n e  
e o r a p a r a b l e  w i t h  F i g .  l e  a n d  d. I n  t h e  m e t a p h y s i s  a b o r d e r  is  s e e n  b e t w e e n  n o r m a l  b o n e  ~ rabecn lae  

d i s t a l  a n d  t h i c k  t r a b e e u l a e  w i t h o u t  n o r m a l  b o n y  s e a m  close  to  t h e  ea l . t i lage  

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 distinct changes and their staining properties seemed to be unaltered. In  this 
group, too, there were in places non-absorbed ehondrocytes 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 4=8 hours before death (Fig. 3 a) all exhibited changes wholly 
characteristic of those associated with papain, consisting in loss of basophilic 
staining and distinct cellular changes (WEsT~RBO~ 1961). After 4=8 hours the 
proliferative cells had recovered somewhat and were again basophilic, lying in a 
wholly acidophilie matrix. The animals which had undergone a 5-day course of 
cortisone (Fig. 3 b) 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 osteoblasts 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. 

A utoradiographic Examination 

The normal specimens corresponded with those described earlier (E~GFELDT 
and WESTERBO~r 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 - -  tha t  is, the centre of the cell lacked 
activity (Fig. 5 a). Five days after the injection of S 3~ the activity was seen mainly 
in the cartilage matrix and in the remnants of tha t  tissue enclosed in the bone 
trabeeulae 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 
S 35. Two and 24= hours after the S 35 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. 4=b and 5b). Twenty-four hours after 
the S ~5 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 
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(Fig. 5 b). In the experiments in which the rabbits had been given S ~5 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. 6b, a, d, c). 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  g rowth  zone. Antorad iogram.  Unsta ined.  250 • 2 hours af ter  injection of S ss. 
T rea t ed  wi th  cortisone for 5 days,  and  g iven  papa in  5 days before death:  Na r row and  i r regular  cart i lage 
zone. Dif~me labelling wi th  v e r y  s t rong labelled prol i ferat ive and  hyper t roph ic  cart i lage cells. See 

Fig. 3b and  t ex t  

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 c). 

Group 2. Vitamin A.  The autoradiographic examination revealed no devia- 
tions of note from the normal picture. Animals given S s5 five days before death 
and treated with vitamin A for ten days had bone trabeeulae in which the height 
of the blackened region of the matrix was appreciably less than is normal. 

Group 3. Cortisone plus vitamin A.  The autoradiographic 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 papMn 
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 (ExGFELDT and WESTEI~BORN 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 activi ty 48 hours after the papain injection. In  specimens from 
animals given papain five days prior to sacrifice and cortisone throughout tha t  
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 e//ect o/ 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 tha t  the absorption of the 
hypertrophic cells is not as effective as normal, but tha t  a number of cells are seen 
down in the metaphysis. This may  be at tr ibutable to an impairment  in the 
absorptive faculty of the metaphysial  capillaries, or perhaps to the cell damage 
mentioned above. The experiments also showed tha t  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 matr ix  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 vi tamin A alone. In  our control experi- 
ments with the vitamin alone, the changes in the epiphysial cartilage were rela- 
tively slight despite the fact tha t  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 s tudy 
we used younger and smaller experimental animals. (Growth may  have been 
quicker in our rabbits.) 

The combination o/ 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. I f  continued, the cortisone 
administration appears to prevent the restitution of the cartilage which occurs 
after t rea tment  with papain only. I t  was of especial interest, to note tha t  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 matr ix  (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, distinct, intraeellular uptake. 
Twenty-four hours after the S 35 injection, the chondroeytes 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 S35-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 c). 

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 injection 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. 
Histologisehe und autoradiographische Untersuchungen. 

Zusammenfassung 
Cortison ffihrt bei jungen Kaninchen zu einer Sch~digung der Zellen des 

Epiphysenknorpels und der Osteoblasten in der Metaphyse, so dab die kn6chernen 
Trabekel in der Metaphyse ein ver/indertes Aussehen zeigen; dus Wachstum ist 
deutlich vermindert, ebenso die F/~higkeit der Knorpelzellen, Chondroitinsulfat 
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zu bilden,  wie man  au to rad iograph i sch  nachweisen kann.  K o m b i n i e r t e  Behand-  
lung der  Tiere m i t  V i t amin  A und  Cort ison ffihrt  zu dense lben  Ver i inderungen 
wie Cort ison allein. Mit  P a p a i n  kombin ie r t ,  bee inf lu~t  Cort ison wenigs tens  
wi~hrend der  ers ten  Tage  n icht  die W i r k u n g  des Papa ins  auf den Knorpe l ;  l~tngere 
Cor t isonzufuhr  h inde r t  die Wiederhers te l lung  nach  den durch  P a p a i n  ve ru r sach ten  
Ver/ inderungen.  Wie  die Au to rad iog raph ie  zeigt,  gewinnen jedoch die Knorpe l -  
zellen t ro tz  der  Cor t i songaben ihre F a h i g k e i t  zuri ick,  Chondroi t insu l fa t  zu syn- 
th etisieren.  
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