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I n  m ost o f  th e  m ajo r d is e a s e s  i n  rheum ato logy  th e  ch ro n ic  

d i s a b l in g  f a c t o r  i s  th e  l o s s  o f  j o i n t  fu n c tio n  th ro u g h  d e s t r u c t io n  

o f  a r t i c u l a r  c a r t i l a g e .  The e x a c t p a th o g e n e s is  o f  th e  c a r t i l a g e  

lo s s  in  th e s e  d is e a s e s  i s  unlmown and a  c l e a r e r  u n d e rs ta n d in g  o f  

th e  p r e c i s e  mechanisms in v o lv e d  i s  e s s e n t i a l  f o r  th e  fo rm u la tio n  

o f  s p e c i f i c  th e ra p y .

An o rgan  c u l tu r e  system  h a s  been u sed  to  s tu d y  th e  p o s s ib le  

r o l e  o f  d i f f e r e n t  a r t i c u l a r  c e l l s  and t i s s u e s  i n  th e  d e s t r u c t io n  

o f  c a r t i l a g e  m a tr ix .  T h is  te c h n iq u e  p ro v id e s  a  c lo s e d ,  c o n t ro l le d  

env ironm ent i n  w hich to  exam ine th e  p o t e n t i a l  c a p a b i l i t i e s  o f  l i v i n g  

t i s s u e s .  M ost o f  th e  work h a s  been  done on a r t i c u l a r  t i s s u e s  from 

norm al young p ig s .  I t  was im p o ss ib le  to  d i s s e c t  e q u iv a le n t  e x p la n ts  

o f  synovium b u t  f i n e l y  d iv id e d  s y n o v ia l t i s s u e  e x p la n te d  in  m easured 

volum es gave v ia b le  c u l tu r e s .

M inced sy n o v ia l t i s s u e  cau ses  a  d r a s t i c  breakdown o f  a r t i c u l a r  

c a r t i l a g e  when th e  two t i s s u e s  a re  c u l tu r e d  in  c o n ta c t  and th e r e  i s  

lo s s  o f  p ro te o g ly c a n  and c o l la g e n  by  14 d ay s . T h is  e f f e c t  i s  a l s o  

seen  in  dead c a r t i l a g e .  Dead c a r t i l a g e ,  how ever, i s  u n a f f e c te d  by 

s y n o v ia l t i s s u e  i f  th e  two e x p la n ts  a re  n o t in  c o n ta c t ,  w hereas 

l i v i n g  c a r t i l a g e  becomes d e p le te d  o f  p ro te o g ly c a n  and c o l la g e n  w ith  

f i b r o b l a s t i c  tr a n s fo rm a tio n  o f  some o f  th e  ch o n d ro cy te s . Thus, 

sy n o v ia l t i s s u e  h a s  a  d i r e c t ,  p resum ab ly  enzym atic  e f f e c t  on 

c a r t i l a g e  m a tr ix  and a l s o  an  i n d i r e c t  d e s t r u c t iv e  e f f e c t  m ed ia ted  

th ro u g h  th e  ch o n d ro c y te s . T h is  d e s t r u c t iv e  e f f e c t  i s  n o t  c o n fin e d  

to  sy n o v ia l t i s s u e ,  and  i t  h a s  been  shown th a t  n o n - a r t i c u l a r  t i s s u e  

such  a s  b lo o d  v e s s e l  a l s o  p ro d u ces  b o th  a  d i r e c t  and an  i n d i r e c t  

d e s t r u c t iv e  e f f e c t  on th e  c a r t i l a g e  m a tr ix .
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T hat ch ond rocy tes  o f  i s o l a t e d  c a r t i l a g e  have th e  a b i l i t y  to  

d e s tro y  c a r t i l a g e  m a tr ix  h a s  been  confirm ed by  th e  a c t io n  o f  

r e t i n o l  on i s o l a t e d  c a r t i l a g e .  A f te r  16 days* exposure  to  5 o r  

10 i u  r e t i n o l /m l  c u l tu r e  medium th e re  i s  a lm o st t o t a l  lo s s  o f  

p ro te o g ly c a n  and e x te n s iv e  breakdown o f  c o lla g e n  w ith  f i b r o b l a s t i c  

t r a n s fo rm a tio n  o f  th e  chondrocy tes*  There i s  a  r e g io n a l  v a r i a t i o n  

in  th e  d eg ree  o f  d e s t r u c t io n  w hich i s  g r e a t e s t  in  th e  d e e p e r zone*

The e x te n t  o f  c a r t i l a g e  m a tr ix  lo s s  depends on th e  n e t  e f f e c t  

o f  th e  v a r io u s  d e s t r u c t iv e  p ro c e s s e s .  T h is  i s  c l e a r ly  d em o n stra ted  

by th e  a c t io n  o f  h y p e ro x ia  ( 55% Og) on c a r t i l a g e  and synovium . 

H yperox ia in c re a s e s  th e  breakdow n by sy n o v ia l t i s s u e  o f  th e  c o l la g e n  

o f  c a r t i l a g e  m a tr ix ,  s t im u la te s  th e  r e le a s e  o f  c o lla g e n a se  from  th e  

synovium b u t i n h i b i t s  th e  i n d i r e c t  c o l la g e n o ly t ic  e f f e c t .

An a tte m p t h as  been  made to  s tu d y  th e  r o le  o f  th e  m ononuclear 

le u c o c y te s  in  th e  d e s t r u c t io n  o f  c a r t i l a g e  s in c e  th e s e  c e l l s  a re  

found i n  la rg e  numbers i n  th e  synovium i n  c h ro n ic  in flam m ato ry  

a r t h r i t i s .  C e l ls  o b ta in e d  from  th e  p e r ip h e r a l  b lo o d  o f  young p ig s  

g r e a t ly  enhance th e  d e s t r u c t iv e  e f f e c t  o f  th e  synovium on th e  

c a r t i l a g e ;  th e  sm a ll number o f  m onocytes p re s e n t  p la y s  an e s s e n t i a l  

p a r t  in  th e  a c t io n  o f  th e  le u c o c y te s .  S tim u la tio n  w ith  phytohaem­

a g g lu t in in  d id  n o t  enhance th e  breakdown induced  by  th e  c e l l s  from 

p e r ip h e r a l  b lo o d  b u t  in c re a s e d  th a t  caused  by  c e l l s  d e r iv e d  from  

lymph g la n d s .

The m ain tenance o f  c a r t i l a g e  m a tr ix  depends on th e  dynamic 

b a la n c e  betw een s y n th e s is  and brealcdown o f  th e  s t r u c t u r a l  macro­

m olecu les*  Some e a r l i e r  r e s u l t s  su g g es ted  t h a t  th e  synovium m ight 

im p a ir  th e  s y n th e s is  o f  p ro te o g ly c a n  by th e  ch o n d ro cy tes  a s  w e ll 

a s  d eg rad in g  th e  e x i s t i n g  m a tr ix .  T h is  h as  been  exam ined i n  d e t a i l
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35by s tu d y in g  th e  in c o rp o ra t io n  o f  SO^ in to  p ro te o g ly c a n . The 

synovium was found to  i n h i b i t  th e  s y n th e s is  o f  p ro te o g ly c a n  by 

ch o n d ro cy tes  in  th e  o r ig i n a l  e x p la n t ,  b u t  c e l l s  t h a t  have em ig ra te d  

from  th e  e x p la n t  seem to  be u n a f fe c te d  and o f te n  form  new c a r t i l a g e  

on th e  c u t s u r fa c e  o f  th e  o ld .  The in h i b i to r y  e f f e c t  o f  th e  synovium 

i s  r e v e r s ib l e .

Some p re lim in a ry  e x p e rim en ts  have been  made on human a r t i c u l a r  

c a r t i l a g e  in  c u l tu r e .  P ig  sy n o v ia l t i s s u e ,  which h a s  such a 

d e s t r u c t iv e  e f f e c t  on p ig  c a r t i l a g e ,  cau ses  l i t t l e  breakdown o f  

m a tr ix  in  human c a r t i l a g e  from  th e  fem o ra l head  d u r in g  16 days* 

c u l t i v a t i o n .  On th e  o th e r  h an d , i t  s e v e re ly  i n h i b i t s  th e  s y n th e s is  

o f  p ro te o g ly c a n  by th e  human c h o n d ro cy te s .

These r e s u l t s  d em o n stra te  th e  com p lex ity  o f  th e  p ro c e s s e s  

in v o lv e d  i n  th e  breakdow n o f  c a r t i l a g e .  They a ls o  show t h a t  th e  

a c t io n s  and i n t e r a c t io n s  o f  th e  d i f f e r e n t  t i s s u e s  can be d is s e c te d  

a p a r t  by  means o f  th e  o rg an  c u l tu r e  te c h n iq u e  to  p ro v id e  a  b e t t e r  

i n s i s t  i n to  th e  mechanisms in v o lv e d . T h is  sh o u ld  a llo w  a  more 

r a t i o n a l  approach  to  th e  s tu d y  o f  th e  p a th o g e n e s is  o f  c a r t i l a g e  

d e s t r u c t io n  i n  v iv o .
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INTRODUCTION

A r t h r i t i s  i s  a  m a jo r cause  o f  d i s a b i l i t y .  O s t e o a r t h r i t i s  a f f e c t s  

more th a n  80% o f  th e  p o p u la t io n  o v e r th e  age o f  s i x t y  y e a rs  ( 1) and 

th e r e  a re  a t  l e a s t  one m i l l io n  p eo p le  w ith  rheu m ato id  a r t h r i t i s  in  

th e  U n ite d  Kingdom ( 2 ) .  In  b o th  d is e a s e s  lo s s  o f  c a r t i l a g e  i s  a  

p rom inen t f e a tu r e  r e s u l t i n g  in  perm anent j o i n t  d e fo rm ity  and lo s s  

o f  f u n c t io n .  The d e t a i l e d  mechanism o f  c a r t i l a g e  d e s t r u c t io n  in  

e i t h e r  d is e a s e  i s  p o o r ly  u n d e rs to o d  and th e re  i s  l i t t l e  ev id en ce  

t h a t  any o f  th e  c u r r e n t ly  a v a i la b le  th e r a p e u t ic  m easures a l t e r  th e  

p ro g re s s  o f  th e  c a r t i l a g e  d e s t r u c t io n .

I n  th e  i n f  la n d ed  j o i n t  th e re  a re  many d i f f e r e n t  p ro c e s se s  a c t iv e  

a t  any  one tim e . C o n cu rren t f e a tu r e s  a r e  p r o l i f e r a t i o n  o f  th e  

in t im a i  c e l l s ,  i n f i l t r a t i o n  o f  lym phocytes and p lasm a c e l l s ,  

a ccu m u la tio n  o f  po lym orphonuclea r le u c o c y te s  in  th e  sy n o v ia l c a v i ty ,  

hyperaem ia  o f  th e  synovium , pannus fo rm a tio n  and d e s t r u c t io n  o f  th e  

a r t i c u l a r  c a r t i l a g e  ( 3 ) .  I n  t h i s  com plex s i t u a t i o n  i t  i s  d i f f i c u l t  

to  s o r t  o u t th e  f a c t o r s  which a re  im p o r ta n t in  th e  p a th o g e n e s is  o f  

th e  c a r t i l a g e  e ro s io n  and th o s e  w hich a re  epiphenom ena. Even in  th e  

s im p le r  s i t u a t i o n  found  in  o s t e o a r t h r i t i s  th e re  a re  a  v a r i e t y  o f  

f e a tu r e s  such a s  f i b r i l l a t i o n  o f  c a r t i l a g e ,  p r o l i f e r a t i o n  o f  

c h o n d ro c y te s , s c l e r o s i s  o f  su b ch o n d ra l bone, o s te o p h y te  fo rm a tio n  

and su b sy n o v ia l f i b r o s i s  (4)*  S y n o v ia l in t im a i  c e l l s ,  polym orpho­

n u c le a r  le u c o c y te s  and ch o n d ro cy tes  can a l l  cause breakdown o f  th e  

c a r t i l a g e  m a tr ix  b u t  th e  r e l a t i v e  im po rtan ce  o f  th e s e  c e l l s  in  any 

one d is e a s e  i s  n o t  c l e a r .  To add to  th e  problem  v e ry  l i t t l e  i s  

known abou t th e  m echanisms w hich c o n t ro l  th e se  d e s t r u c t iv e  p ro c e s s e s .

In  th e  hope o f  u n d e rs ta n d in g  f u r t h e r  th e  mechanisms o f  c a r t i l a g e  

d e s t r u c t io n  th a t  a re  a c t iv e  in  th e s e  d is e a s e s ,  a  s tu d y  h as  been made
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o f  th e  hrealcdown o f  norm al c a r t i l a g e  u s in g  an in  v i t r o  o rgan  c u l tu r e  

te c h n iq u e . T h is  te c h n iq u e  can p ro v id e  in fo rm a tio n  ab o u t th e  p o t e n t i a l  

c a p a b i l i t i e s  o f  th e  c e l l s  and t i s s u e s .  The i n t e r a c t i o n  betw een 

d i f f e r e n t  t i s s u e s  and th e  f a c t o r s  c o n t r o l l i n g  th e  b e h a v io u r  o f  th e  

t i s s u e s  in  c u l tu r e  can be s tu d ie d .  I t  i s  l i k e l y  t h a t  a r t i c u l a r  

t i s s u e s  can resp o n d  in  o n ly  a  l im i te d  number o f  ways and th e r e f o r e  

i t  i s  hoped th a t  in fo rm a tio n  on th e  a b i l i t y  o f  d i f f e r e n t  c e l l  ty p e s  

to  brealcdown c a r t i l a g e  m a tr ix  m  v i t r o  w i l l  p ro v id e  a  b e t t e r  u n d er­

s ta n d in g  o f  th e  p a th o g e n ic  mechanisms o f  c a r t i l a g e  breakdown m  v iv o . 

T h is  in fo rm a tio n  m i ^ t  su g g e s t th e r a p e u t ic  p o s s i b i l i t i e s .

A r t i c u l a r  j o i n t s  a re  s u b je c t  to  a  v a r i e ty  o f  m ech an ica l fo rc e s  

w hich u n d o u b ta b ly  p la y  a  r o l e  in  th e  norm al fu n c tio n  o f  th e  c a r t i l a g e  

and p ro b a b ly  a l s o  in  some a s p e c ts  o f  c a r t i l a g e  d e s t r u c t io n  ( 5 ) .

T h is  s tu d y , how ever, h a s  been  concerned  w ith  th e  c e l l u l a r  and 

b io c h em ic a l re sp o n se s  o f  a r t i c u l a r  t i s s u e s  and n o t  w ith  th e  

m ech an ica l a s p e c ts  o f  j o i n t  d a m a ^ .
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CHAPTER 2
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HISTORICAL REVIEW

As th e  e x p e rim e n ta l work o f  t h i s  t h e s i s  i s  concerned  w ith  th e  

hrealcdown o f  a r t i c u l a r  c a r t i l a g e ,  th e  p a th o lo g ic a l  and e x p e rim e n ta l 

d a ta  on th e  d e s t r u c t io n  o f  a r t i c u l a r  c a r t i l a g e  w i l l  be rev iew ed .

T h is  w i l l  n o t be c o n fin e d  to  th e  a c t iv e  lo s s  o f  m a tr ix  com ponents 

b u t w i l l  a l s o  c o n s id e r  th e  tu rn o v e r  o f  m a tr ix  and th e  p r o l i f e r a t i o n  

and tra n s fo rm a tio n  o f  th e  c h o n d ro c y te s .

To h e lp  i n t e r p r e t  t h i s  ev id en ce  and th e  su b seq u en t e x p e rim e n ta l 

r e s u l t s  th e  s t r u c t u r e  and fu n c t io n  o f  norm al a r t i c u l a r  t i s s u e  w i l l  

be b r i e f l y  d e s c r ib e d ,

I  STRUCTURE OF ARTICULAR TISSUES

(a )  S tr u c tu r e  and M etabo lism  o f A r t i c u l a r  C a r t i la g e

The norm al a r t i c u l a r  c a r t i l a g e  c o n s i s t s  o f  two m ajo r com ponents: 

th e  ch o n d ro cy tes  w hich o c c u r  th ro u g h o u t th e  c a r t i l a g e ,  and th e  m a tr ix  

w hich c o n s i s t s  o f  a  f ib ro u s  netw ork  o f  c o lla g e n  and h y d ra te d  p ro te o ­

g ly c a n , T here a re  no b lo o d  v e s s e l s ,  ly m p h a tic s  o r  n e rv e s  i n  a d u l t  

a r t i c u l a r  c a r t i l a g e  ( 6) ,

The chondrocyt e s The ch o n d ro cy tes  a re  d i s t r i b u t e d  th ro u g h o u t th e  

c a r t i l a g e  b u t d is p la y  m o rp h o lo g ica l and f u n c t io n a l  v a r i a t io n s  in  

d i f f e r e n t  r e g io n s ,  C o ll in s  (7 ) h as  d e s c r ib e d  fo u r  zones i n  a d u l t  

c a r t i l a g e ,  b u t i n  im m ature a r t i c u l a r  c a r t i l a g e  Vaughan ( 8 ) d e s c r ib e s  

th r e e  i l l - d e f i n e d  la y e r s  o f  c e l l s ;  ( i )  a  s u p e r f i c i a l  la y e r  (zone 1) 

in  w hich th e  c e l l s  a re  f l a t t e n e d  and sm all and l i e  w ith  t h e i r  lo n g  

axes ru n n in g  p a r a l l e l  to  th e  j o i n t  s u r f a c e s ;  ( i i )  an in te rm e d ia te  

la y e r  (zone 2 ) where th e  c e l l s  a re  somewhat l a r g e r  and a rra n g e d  

in  g roups o f  two o r  fo u r ;  ( i i i )  a  la y e r  a d ja c e n t to  th e  e p ip h y se a l 

bone (zone 3) where th e  c e l l s  a re  h y p e r tro p h ic  and a rra n g e d  ro u g h ly
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r o u ^ l y  i n  columns a t  r i g h t  a n g le s  to  th e  s u r f a c e .  The fo u r th  

zone in  C o llin s*  c l a s s i f i c a t i o n  i s  a  re g io n  a d ja c e n t to  th e  

u n d e r ly in g  bone where th e  m a tr ix  i s  c a l c i f i e d .

T y p ic a l ch o n d ro cy tes  a re  o vo id  w ith  a  maximum d ia m e te r  o f  

10 to  30 um ( 9 ) ,  I n  s e c t io n  th e  c e l l  h a s  a  s c a llo p e d  edge w ith  

cy to p la sm ic  p ro c e s s e s  p r o je c t in g  beyond th e  la c u n a  in  w hich th e  

c e l l  r e s id e s .  The a d u l t  chond rocy te  h as  few m ito c h o n d ria  and th e  

p redom inan t cy to p lasm ic  o rg a n e l le s  a re  th e  g ra n u la r  endoplasm ic 

re t ic u lu m  and th e  G o lg i com plex. The c e l l s  in  th e  s u p e r f i c i a l  

zone have th e  m orphology o f  f i b r o b l a s t s ,  r a th e r  th a n  chondrocy tes 

( 10 , 11) ,  C hondrocytes have norm al m ajo r h is to c o m p a t ib i l i ty  a n t ig e n s  

on t h e i r  s u r fa c e  ( 12) .

The m a tr ix  The c o l la g e n  and p ro te o g ly c a n  acco u n t f o r  m ost o f  th e  

o rg a n ic  m a tte r  in  th e  e x t r a c e l l u l a r  m a tr ix  ( 13) and a re  re s p o n s ib le  

f o r  th e  m echan ical p r o p e r t i e s  o f  th e  c a r t i l a g e  t h a t  a llo w  i t  to  

w ith s ta n d  th e  fo rc e s  e x e r te d  th ro u g h  th e  j o i n t  ( 14) ,

The p ro te o g ly c a n s  o f  c a r t i l a g e  a re  la rg e  m o lecu le s  composed o f  

h y d ro p h il ic  c a rb o h y d ra te  ch a in s  c o v a le n tly  lin lced  to  p r o te in .  As 

many a s  50 to  100 c h a in s  may be a t ta c h e d  to  one p r o te in  m olecu le  

and betw een 20 and 30 o f  th e se  p r o te in  m o lecu les  may be bound to  a  

s in g le  h y a lu ro n a te  m o lecu le . The t o t a l  m o le c u la r  w e ig h t o f  t h i s  

g ia n t  m olecu le  i s  in  th e  o rd e r  o f  50 x  10^, The ev id en ce  f o r  t h i s  

h a s  been  rev iew ed  r e c e n t ly  ( 1 5 ) ,  The m a jo r i ty  o f  c a rb o h y d ra te  ch a in s  

c o n s is t  o f  two d i f f e r e n t  s u lp h a te d  g lycosam inog lycans; c h o n d ro it in  

s u lp h a te  which h as  a  r e p e a t in g  d is a c c h a r id e  u n i t  o f  g lu c u ro n ic  a c id  

and N -a c e ty l  g a la c to sa m in e , w ith  abou t 25-30  u n i t s  i n  each  m o lecu le , 

and k e ra ta n  su lp h a te  w hich has a  r e p e a t in g  u n i t  o f  N -a c e ty l  g lu c o s­

amine and g a la c to s e  and ab o u t 13 u n i t s  p e r  m o lecu le .

A lthough b o th  c h o n d ro it in  and k e ra ta n  su lp h a te  a re  a t ia c h e d  to  

th e  same p r o te in  m o lecu le  th e r e  a re  v a r i a t io n s  in  th e  r e l a t i v e
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c o n c e n tra t io n s  o f  th e se  g ly c o sam in o g ly can s. The assem bly  o f  g ly co s- 

am inoglyoans onto  th e  p r o te in  co re  does n o t seem to  be random s in c e  

more k e ra ta n  s u lp h a te  i s  a t ta c h e d  to  th e  end t h a t  i s  l in k e d  to  th e  

h y a lu ro n ic  a c id  (1 6 ) ,  The c o n c e n tra t io n  o f  p ro te o g ly c a n  i s  h ig h e s t  

in  th e  d eep e r zones o f  th e  c a r t i l a g e  ( 1? )  where th e  p ro p o r tio n  o f  

k e ra ta n  s u lp h a te  i s  g r e a t e s t  (1 8 ) ,  The com position  o f  th e  m a tr ix  

a ls o  v a r ie s  w ith in  th e  deep zones w ith  l e s s  k e ra ta n  s u lp h a te  

a d ja c e n t to  th e  ch o n d ro cy te s .

I t  has been  p roposed  th a t  th e r e  a re  d i f f e r e n t  p o o ls  o f  p ro te o ­

g ly can  in  th e  m a tr ix  w ith  d i f f e r e n t  s t r u c tu r e s  ( 19) and r a t e s  o f  

tu rn o v e r  ( 2 0 ) .  W hile th e  re a so n s  f o r  th e  r e g io n a l  and s t r u c t u r a l  

v a r i a t io n s  o f th e  p ro te o g ly c a n  a re  unknown, i t  i s  th o u g h t t h a t  th e  

m ajo r fu n c tio n  o f  th e  p ro te o g ly c a n  i s  to  h o ld  w a te r  w ith in  th e  

c a r t i l a g e  m a tr ix  d u rin g  p e r io d s  o f  m echan ica l com pression  and so 

a c t  a s  a  cush ion  p r o te c t in g  b o th  th e  c o lla g e n  f i b r e s  and th e  

ch o n d ro cy tes  and a l s o  re d u c in g  th e  fo rc e s  t r a n s m it te d  th ro u g h  to  

th e  u n d e r ly in g  bone ( 21) ,

The c o lla g e n  in  th e  c a r t i l a g e  i s  a  f ib ro u s  p r o te in  composed o f  

th re e  i d e n t i c a l  p o ly p e p tid e  ch a in s  (oc c h a in s)  a rra n g e d  in  a  t r i p l e  

h e l ix .  T h is  p a r t i c u l a r  form  o f  c o lla g e n  seems to  be co n fin e d  to  

c a r t i l a g e  and i s  c l a s s i f i e d  a s  ty p e  I I  c o l la g e n . The p o ly p e p tid e  

ch a in  undergoes i n t r a c e l l u l a r  h y d ro x y la t io n , g ly c o s y la t io n  and 

d is u lp h id e  bond ing  b e fo re  assem bly  in to  th e  t r i p l e  h e l i x .  T h is  

p ro c o lla g e n  i s  s e c r e te d  from  th e  c e l l  w ith  e x t r a  te rm in a l  p e p t id e s  

w hich a re  l o s t  in  th e  f i n a l  assem bly  o f  th e  c o l la g e n  f i b r e .  The 

f i n a l  c o lla g e n  f ib r e  c o n s is t s  o f  many t r i p l e  h e l ix  s u b u n its  

c o v a le n t ly  l in k e d .  F u r th e r  d e t a i l s  o f  th e  b io c h e m is try  o f  th e  

s t r u c tu r e  and fu n c tio n  o f  c o lla g e n  a re  to  be found in  a  r e c e n t  

rev iew  (2 2 ) ,  A lthough ty p e  I I  c o lla g e n  seems to  be un ique to  

h y a l in e  c a r t i l a g e  i t  i s  n o t  y e t  p o s s ib le  to  r e l a t e  th e  p rim ary  

s t r u c t u r a l  d i f f e r e n c e s  o f  th e  d i f f e r e n t  c o lla g e n s  to  t h e i r
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f u n c t io n a l  r o le s  ( 2 3 ) .  N ot a l l  c a r t i l a g e  h as  ty p e  I I  c o lla g e n  

s in c e  th e  f i h r o c a r t i l a g e  in  th e  m e n isc i w ith in  th e  knee j o i n t  

h as  ty p e  I  c o l la g e n  (2 4 ) .

W hile th e  s t r u c tu r e  o f  th e  m a tr ix  i s  kno\m in  c o n s id e ra b le  

d e t a i l  we have v e ry  l i t t l e  in fo rm a tio n  abou t th e  tu rn o v e r  o f  th e  

component m o le c u le s . A v a r i e t y  o f  enzymes have been found in  

a r t i c u l a r  c a r t i l a g e  w hich a re  cap a b le  o f  d eg rad in g  th e  g lycosam ino­

g ly c a n s , th e  p ro te o g ly c a n  co re  p r o te in s  and c o lla g e n  ( 25 , 26 , 27 , 28 , 29 ) ,  

b u t th e  p h y s io lo g ic a l  r o le  o f  th e s e  enzymes i s  unknown.

C a r t i la g e  m a tr ix  does more th a n  j u s t  w ith s ta n d  m echan ica l 

lo a d s .  The p ro te o g ly c a n  f r a c t i o n  h a s  been found to  i n h i b i t  

c a l c i f i c a t i o n  ( 30) ,  and th e  m a tr ix  c o n ta in s  e x t r a c ta b le  f a c t o r s ,  

w hich i n h i b i t  th e  in v a s io n  o f  v a s c u la r  t i s s u e  ( 31) ,  and a ls o  

p ro te in a s e  i n h i b i t o r s  ( 32 , 33) .

S e v e ra l age r e l a t e d  changes have been  d e s c r ib e d  in  c a r t i l a g e .

The p ro p o r t io n  o f  k e ra ta n  to  c h o n d ro it in  su lp h a te  in c re a s e s  d u r in g  

grow th and developm ent. K era ta n  s u lp h a te  i s  a lm o st a b se n t in  v e ry  

young c a r t i l a g e  and i n  man re a c h e s  a  p la te a u  l e v e l  d u r in g  th e  t h i r d  

and f o u r th  decades (3 4 ,3 5 ) .  S im i la r ly  in  th e  f o e t a l  p ig  th e  

a r t i c u l a r  c a r t i l a g e  h a s  a  r a t i o  o f  1;27 k e ra ta n  to  c h o n d ro it in  

s u lp h a te  w hich changes to  1 ; 4 i n  th r e e  y e a r  o ld  an im als  ( 36) .

I t  has been su g g e s te d  t h a t  k e ra ta n  s u lp h a te  i s  form ed p re f e r e n ­

t i a l l y  u n d e r  a n a e ro b ic  c o n d i t io n s  and th a t  such c o n d it io n s  o ccu r 

when th e  la y e r  o f  c a l c i f i e d  c a r t i l a g e  ap p ea rs  fo rm ing  a  b a r r i e r  

betw een th e  marrow and th e  a r t i c u l a r  c a r t i l a g e  (3 5 ) .  O ther w ork, 

how ever, s u g g e s ts  t h a t  s in c e  th e  d i s t r i b u t i o n  o f  c o l la g e n , chon­

d r o i t i n  and k e ra ta n  s u lp h a te  v a ry  g r e a t ly  betw een in d iv id u a ls  i t  

i s  l i k e l y  to  be g e n e t i c a l ly  d e te rm in ed  r a t h e r  th a n  r e l a t e d  to  age 

o r  sex  (3 7 ) .  The amount o f  l i p i d  in  th e  c a r t i l a g e  m a tr ix  r i s e s  w ith
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age whipU i s  found m o s tly  i n  th e  s u p e r f i c i a l  zone (3 8 ) .  S en escen t 

p igm ent h as  been  d e s c r ib e d  p re d o m in a n tly  in  th e  d eep e r l a y e r s  ( 39) .  

The f u n c t io n a l  s ig n i f ic a n c e  o f  th e s e  o b s e rv a tio n s  i s  unknown.

M etabolism  o f  c a r t i l a g e  The ro u te  o f  n u t r i t i o n  f o r  a r t i c u l a r  

c a r t i l a g e  depends on th e  m a tu r i ty  o f  th e  t i s s u e .  The j o i n t  

c a r t i l a g e  from im m ature an im a ls  i s  n o t  o n ly  a  w e i^ t - b e a r i n g  

s u r fa c e  b u t a ls o  p a r t  o f  th e  e p ip h y se a l n u c le u s .  T h is  c a r t i l a g e  

d e r iv e s  i t s  n u t r i t i o n  from  b o th  th e  s y n o v ia l f l u i d  and th e  u n d e r­

ly in g  marrow c a v i ty  (4 0 ) .  A s tu d y  on lambs s u g g e s ts  t h a t  grow ing 

c a r t i l a g e  d e r iv e s  a  s i g n i f i c a n t  p a r t  o f  i t s  n u t r i t i o n  from  th e  

u n d e r ly in g  marrow ( 4 1 ) .  A du lt c a r t i l a g e ,  how ever, seems to  r e l y  

e n t i r e l y  on th e  s y n o v ia l f l u i d  ( 4 2 ,4 5 ) .  T h is  v iew  i s  su p p o rte d  

by  th e  o b s e rv a tio n  t h a t  s e v e re  o s te o n e c ro s is  o f  th e  fem o ra l head  

does n o t  seem to  a f f e c t  th e  m etabo lism  o f  th e  ch o n d ro cy tes  i n  th e  

fem o ra l a r t i c u l a r  c a r t i l a g e  ( 44) ,

The d i f f u s io n  o f  dyes in to  c a r t i l a g e  seems to  d im in ish  i f  th e  

t i s s u e  h a s  been  dead f o r  more th a n  one h o u r ( 42) b u t  th e  d i f f u s io n  

o f  su lp h a te  i s  th e  same in  l i v i n g  and dead c a r t i l a g e  ( 45 ) .

N ot much i s  known ab o u t th e  n u t r i t i o n a l  re q u ire m e n ts  o f  

a r t i c u l a r  c h o n d ro c y te s . They have an a c t iv e  g ly c o ly t i c  system  and 

enzymes from th e  K rebs c y c le  have been i d e n t i f i e d  (4 7 ) .  There i s  

a  low b u t d e te c ta b le  u p ta k e  o f  oxygen ( 46) and th e  oxygen te n s io n  

in  c a r t i l a g e  i s  much lo w er th a n  in  v a s c u la r  t i s s u e  ( 4 8 ) .  The optimum 

oxygen te n s io n  ^  v iv o  i s  unknown, b u t  h i ^  o r  low te n s io n s  red u ce  

th e  s y n th e t ic  a c t i v i t y  o f  th e  ch o n d ro cy tes  in  v i t r o  ( 49 , 50) .  

C hondrocytes a r e ,  how ever, much more r e s i s t a n t  to  h y p o x ia  th a n  o th e r  

c e l l s  ( 51) .

One o f  th e  m ajo r m e ta b o lic  a c t i v i t i e s  o f  th e  chondrocy te  i s  

th e  p ro d u c tio n  o f  th e  e x t r a c e l l u l a r  m acrom olecu les. P ro te o g ly c a n
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h a s  a  h a l f - l i f e  o f  8 days ( 52) o r  200 days ( 45) depend ing  on th e  

so u rce  o f  t i s s u e ,  80^ i s  r a p id ly  ta k e n  up in to  th e  G o lg i o f

th e  cho n d ro cy te  and th e n  e x tru d e d  in to  th e  m a tr ix  bound to  p ro te o ­

g ly can  (5 5 ,5 4 ,5 5 ) .  The s u p e r f i c i a l  c e l l s  s y n th e s iz e  l e s s  p ro te o ­

g ly c a n  th a n  th e  d e e p e r la y e r s  ( 56 , 57 ) and th e re  i s  ev id en ce  th a t  

some ch o n d ro cy tes  s e c r e te  c h o n d ro it in  s u lp h a te - r ic h  p ro te o g ly c a n  

w h ile  o th e r s  s e c r e te  k e ra ta n  s u lp h a te - r ic h  p ro te o g ly c a n  ( 58) .

There i s  l i t t l e  in fo rm a tio n  on th e  c o lla g e n  m etabo lism  i n  a d u l t  

a r t i c u l a r  c a r t i l a g e  ( 9) ;  t h i s  i s  p a r t l y  b ecause  th e  r a t e  o f

s y n th e s is  o f  c o lla g e n  i n  m atu re  c a r t i l a g e  i s  v e ry  low ( 59 ) .

(b )  S tr u c tu r e  and M etabo lism  o f  th e  Synovium

The morphdogy o f  th e  synovium v a r ie s  w id e ly  in  d i f f e r e n t  j o i n t s  

and in  d i f f e r e n t  r e g io n s  o f  th e  same j o i n t .  I t  c o n s is t s  o f  a  l i n i n g  

l a y e r ,  th e  in t im a , u s u a l ly  one to  th re e  c e l l s  th i c k  r e s t i n g  on a  

v a s c u la r  su b in tim a l t i s s u e  w hich may be ad ip o se  o r  f ib r o u s  a c c o rd in g  

to  i t s  s i t e .  The synovium e x te n d s  o v e r v i l l i  which p r o je c t  i n to  th e  

j o i n t  c a v i ty .  T here  i s  no basem ent membrane u n d er th e  in t im a  ( 6 0 ) ,  

m  a  s tu d y  o f  th e  human s y n o v ia l in t im a  two d i s t i n c t  c e l l  ty p e s  were 

found: p h a g o c y tic  c e l l s  re se m b lin g  m acrophages which were term ed  A 

c e l l s  and f i b r o b l a s t - l i k e  c e l l s  t h a t  were term ed B c e l l s  ( 6 1 ) .  T here 

were a l s o  c e l l s  o f  an  in te rm e d ia te  ty p e . These o b s e rv a tio n s  have 

been  confirm ed  in  r a b b i t s  (6 2 ) and  p ig s  (6 5 ) ,  B oth  s tu d ie s  found 

th e  m a c ro p h ag e-lik e  c e l l  to  be i n  th e  m in o r i ty ,  i n  r a b b i t s  th e re  

was a  change i n  th e  p o p u la t io n  o f  c e l l s  d u r in g  in  v i t r o  c u l tu r e ,  

w ith  a  g ra d u a l lo s s  o f  m a cro p h ag e-lik e  c e l l s .  "Whether t h i s  \sras 

m ig ra tio n  o r  tr a n s fo rm a tio n  o f  th e  c e l l s  i s  n o t  c l e a r  ( 62) .  i n  an 

u l t r a s t r u o t u r a l  s tu d y  o f  s y n o v ia l v i l l i  from  th e  p ig ,  e x p la n te d  on 

a  M il l ip o re  membrane and grown in  o rgan  c u l tu r e ,  th e  in t im a i  c e l l s  

on th e  low er s u r fa c e  o f  th e  v i l l u s  which were i n  c o n ta c t  w ith  th e
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M ill ip o re  membrane re sem b led  B ty p e  c e l l s  and th e  c e l l s  on th e  f r e e  

s u r fa c e  ap p ea red  to  be o f  th e  A ty p e  and were a c t i v e l y  phag o cy tes  

( 65) .  F a r th e r  s tu d ie s  showed t h a t  c e l l s  o f  th e  A ty p e  had  Fc 

s u r fa c e  r e c e p to r s  and resem b led  m acrophages i n  c u l tu r e  ( 64) .  I t  

was concluded  t h a t  th e  in t im a i  sy n o v io c y te s  b e longed  to  a  s in g le

c e l l  ty p e  t h a t  a re  p a r t  o f  th e  m ononuclear phagocy te  sy stem . I t

i s  n o t  known w h eth er th e  c e l l s  a re  re p la c e d  by m i to s is  o r  by

in c o rp o ra t io n  o f  new c e l l s  v i a  th e  b lo o d ,

A v a r i e t y  o f  fu n c t io n s  have been  a t t r i b u t e d  to  th e  sy n o v ia l 

in t im a . The m a c ro p h ag e -lik e  c e l l s  a re  th o u g h t to  be im p o r ta n t f o r  

th e  in g e s t io n  o f  a u to lo g o u s  o r  f o r e ig n  m a te r ia l  t h a t  h as  g a in ed  

a c c e s s  to  th e  j o i n t  ( 60) .  O th e r  fu n c t io n s  o f  th e  in t im a  in c lu d e  

th e  s y n th e s is  and r e le a s e  o f  s t r u c t u r a l  m acrom olecu les in c lu d in g  

ty p e  I  and ty p e  I I I  c o l la g e n  (2 4 ) ,  p ro te o g ly c a n  ( 65 , 66) ,  h y a lu ro n ic  

a c id  ( 67) ,  and d e g ra d a tiv e  enzymes such a s  h y a lu ro n id a se  ( 68) ,  o th e r  

ly sosom al enzymes ( 69 ) and c o lla g e n a se  (70) .  A p o ly p e p tid e  hormone 

wdiich h a s  been c a l le d  c o n n e c tiv e  t i s s u e  a c t i v a t in g  p e p t id e  h as  

been  i s o l a t e d  from  sy n o v ia l t i s s u e  (7 1 ) .  T h is  hormone i s  found 

in  v a r io u s  t i s s u e s  and a f f e c t s  th e  sy n o v ia l t i s s u e  by r a i s i n g  th e  

m e ta b o lic  a c t i v i t y  o f  th e  c e l l s  w ith  an in c re a s e d  r e le a s e  o f  

h y a lu ro n ic  a c id .

The im portance  o f  th e s e  c u r r e n t ly  i d e n t i f i e d  f a c t o r s  in  th e  

m etabo lism  o f  norm al o r  p a th o lo g ic a l  j o i n t s  i s  unknown. F or in s ta n c e ,  

i t  i s  n o t  c l e a r  w hether th e  h y a lu ro n ic  a c id  i s  im p o r ta n t i n  th e  

l u b r i c a t i o n  o f  th e  j o i n t  o r  w h e th e r th e  a s s o c ia te d  p r o te in  i s  more 

r e le v a n t  (7 2 ) .  The ev id en ce  f o r  a  p a th o lo g ic a l  r o le  f o r  th e  

d e g ra d a tiv e  enzymes w i l l  be d is c u s s e d  i n  th e  n e x t  S e c t io n .
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I I  BEEAKBOm OF CARTILAGE MATRIX

I t  i s  g e n e ra l ly  t h o u ^ t  t h a t  in  rheum ato id  a r t h r i t i s  sy n o v ia l 

c e l l s  inv ad e  and d e s t ro y  th e  m a tr ix  w h ile  in  o s t e o a r t h r i t i s  th e  

breakdown o f  c a r t i l a g e  i s  due to  m echan ica l f a c to r s  combined w ith  

enzym atic  a c t i v i t y  o f  th e  chond rocy tes*  The ev id en ce  f o r  t h i s  and 

th e  breakdown o f  c a r t i l a g e  m a tr ix  in  o th e r  p a th o lo g ic a l  and 

e x p e rim e n ta l c o n d it io n s  w i l l  be rev iew ed  in  t h i s  S ec tion*

(a )  Hheumatoid A r t h r i t i s

N ic h o ls  and R ich a rd so n  (7 5 ) were among th e  f i r s t  p eo p le  to  

su g g e s t th e  co n cep t o f  inflam m ed synovium e ro d in g  c a r t i l a g e ;  th e y  

d e s c r ib e d  rheu m ato id  a r t h r i t i s  a s  a  " P r o l i f e r a t i v e  a r t h r i t i s  • • • 

Where th e  pannus comes i n  c o n ta c t  w ith  c a r t i l a g e  i t  u s u a l ly  p rod u ces  

a  d e s t r u c t io n  and a b s o rp t io n  o f  th e  c a r t i l a g e , "  Over th e  y e a rs  

ev id en ce  h a s  accum ula ted  to  s u p p o r t an a c t iv e  r o le  f o r  th e  sy n o v ia l 

t i s s u e .

Hammerman and co -w orkers  showed th a t  in  c u l tu r e  c e l l s  from 

rh eu m ato id  synovium caused  th e  lo s s  o f  p ro te o g ly c a n  from  human 

c a r t i l a g e  w hereas no rm al human sy n o v ia l c e l l s  d id  n o t  (7 4 ) .

I n  one s tu d y  o f  e a r l y  rh eu m a to id  a r t h r i t i s  th e  f i r s t  re c o g n is a b le  

d is tu rb a n c e  was an a c u te  s y n o v i t i s  ( 7 5 ) .  I t  h as  been su g g e s te d  th a t  

t h i s  s y n o v i t i s  i s  d i r e c t l y  c o r r e l a t e d  w ith  th e  d eg ree  o f  c a r t i l a g e  

breakdown (76 ) b u t  o th e r  w orkers have n o t  been  a b le  to  c o r ro b o ra te  

t h i s  o b s e rv a tio n  ( 7 7 ,7 8 ) .  The sy n o v ia l changes in c lu d e  h y p e rp la s ia  

o f  th e  in t im a i  c e l l s ,  p r o l i f e r a t i o n  o f  th e  su b sy n o v ia l t i s s u e  and 

i n f i l t r a t i o n  o f  lym phocytes and p lasm a c e l l s  ( 5 ) .  An u l t r a s  t r u o t u r a l  

s tu d y  o f  th e  synovium su g g e s te d  t h a t  th e  m a cro p h ag e-lik e  A c e l l s  had 

many cy to p lasm ic  g ra n u le s  w hich c o n ta in e d  h i ^  l e v e l s  o f  a c id  

p h o sp h a ta se  (7 9 ) .  E le v a te d  l e v e l s  o f  o th e r  ly sosom al enzymes have 

been found i n  rh eu m a to id  synovium (8 0 ,8 1 ) and a  r e c e n t  s tu d y  o f
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rh eu m ato id  synovium by  P oo le  and co -w orkers  su g g e s ts  t h a t  th e re  

i s  some e x t r a c e l l u l a r  r e le a s e  o f  th e  ly sosom al enzyme c a th e p s in  I) 

(8 2 ) .  A dilemma t h a t  a r i s e s  i f  ly sosom al enzymes a re  to  be 

im p lic a te d  i s  t h a t  th e s e  a re  m ost a c t iv e  a t  an a c id  pH and th e  

e x t r a c e l l u l a r  medium i s  n e u t r a l  ( 8 5 ) .  I t  i s  p o s s ib le ,  how ever, 

t h a t  th e r e  a re  lo c a l  a c id ic  m ic ro -en v iro n m en ts  w hich a llo w  th e  

enzymes to  be a c t i v e .  On th e  o th e r  hand , n e u t r a l  p r o te in a s e s  

which can degrade th e  m a tr ix  have been  i d e n t i f i e d  i n  rheum ato id  

synovium (8 4 ,8 5 )  and some o f  th e  r e s u l t s  im p l ic a t in g  c a th e p s in  D 

m i ^ t  have been  due to  a  c o n ta m in a tin g  n e u t r a l  p ro te in a s e  ( 86 ) .  

Rheum atoid synovium h a s  been  shown to  cause breakdown o f  c o lla g e n  

in  au to lo g o u s  tendon  (8 7 ) .  W ith th e  d is c o v e ry  o f  a  s p e c i f i c  enzyme 

f o r  d e g ra d in g  c o l la g e n  ( 88 ) i t  was n o t  lo n g  b e fo re  a  s im i la r  enzyme 

was found in  rh eu m a to id  synovium ( 89 , 90 , 91) and t h i s  was p o s tu la te d  

a s  b e in g  r e s p o n s ib le  f o r  th e  c o l la g e n  d e s t r u c t io n  (9 2 ) .  T h is  enzyme 

i s  in a c t iv a te d  by s y n o v ia l f l u i d  owing to  th e  p re sen ce  o f  a n t i ­

t r y p s in  and txTg m a c ro g lo b u lin  ( 9 5 ,9 4 ) .  A complex h y p o th e s is  h a s  been  

p u t fo rw ard  by H a r r is  and co -w o rk ers  ( 95 ) who su g g e s t t h a t  c o lla g e n ­

a se  from  th e  pannus o f  rh eu m ato id  a r t h r i t i s  i s  r e le a s e d  in  a  l a t e n t  

form  which i s  n o t  i n h i b i t e d  by th e  p ro te in a s e  i n h i b i t o r s  and i s  

a c t iv a t e d  by some su b s ta n c e  w hich p erh ap s  s im u lta n e o u s ly  s a tu r a t e s  

l o c a l  p ro te in a s e  i n h i b i t o r s  ( 9 5 ) .  A l e s s  complex e x p la n a tio n  i s  

t h a t  th e  lo c a l  r e le a s e  o f  c o lla g e n a se  a t  th e  i n t e r f a c e  o f  th e  

c a r t i l a g e  and pannus i s  s u f f i c i e n t l y  h ig h  to  have a c t iv e  enzyme.

W ith th e  u se  o f  a  s p e c i f i c  a n tib o d y  to  sy n o v ia l c o l la g e n a s e ,

Wooley and co -w orkers  have d em o n stra ted  im m unoreactive enzyme a t  

th e  ju n c t io n  o f  c a r t i l a g e  and pannus (9 6 ) . They have found no 

ev id en ce  f o r  t h i s  c o lla g e n a se  in  th e  ch o n d ro cy tes  and v e ry  l i t t l e  

i n  th e  r e s t  o f  th e  s y n o v ia l membrane. The m a cro p h ag e-lik e  c e l l s
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from rheum ato id  synovium r e le a s e  n o t  o n ly  enzymes such  a s  c o lla g e n a se  

o r  lysozym e b u t  a ls o  chem ical m e d ia to rs  such a s  p ro s ta g la n d in s  (9 7 ) .  

The e x a c t r o le  o f  th e  p ro s ta g la n d in s ,  w hich a re  in flam m ato ry  

m e d ia to rs ,  i s  n o t  known, b u t  th e y  may be in v o lv e d  in  p o t e n t i a t i n g  

th e  d is e a s e ,

A f e a tu r e  o f  rh eu m ato id  s y n o v i t i s  i s  th e  la rg e  number o f  p o ly ­

m orphonuclear le u c o c y te s  p r e s e n t  i n  th e  s y n o v ia l f l u i d .  S e v e ra l 

w orkers have su g g e s te d  t h a t  th e se  c e l l s  p la y  a  r o le  in  c a r t i l a g e  

breakdow n. The p re se n c e  o f  enzyme in h i b i t o r s  in  th e  sy n o v ia l f l u i d ,  

how ever, was t h o u ^ t  to  make th e  p a r t i c i p a t i o n  o f  th e se  c e l l s  

u n l ik e ly  b u t u l t r a s  t r u o t u r a l  s tu d ie s  have shown po lym orphonuclear 

le u c o c y te s  a d h e r in g  to  th e  c a r t i l a g e  s u r fa c e  (9 8 ) ,  I n  v i t r o , 

po lym orphonuclear le u c o c y te s  can cause enzym atic  d e g ra d a tio n  o f  

p ro te o g ly c a n  (9 9 ,1 0 0 ,1 0 1 ) , I n g e s t io n  o f  b a c t e r i a  o r  a g g re g a te d  

IgG in d u c es  po lym orphonuclear le u c o c y te s  to  r e le a s e  a  su p e r  ox ide  

r a d i c a l  w hich i s  a ls o  a b le  to  degrade c a r t i l a ^  p ro te o g ly c a n  (1 0 2 ) ,

Hammerman, B a rlan d  and J a n i s  (10$) have su g g es ted  t h a t  th e  chon­

d ro c y te s  m igh t be in v o lv e d  i n  th e  breakdown o f  th e  c a r t i l a g e .  They 

s t a t e  t h a t  " th e  ad v an c in g  m arg in  o f  th e  pannus i s ,  i n  r e a l i t y ,  th e  

r e t r e a t i n g  rem ain s  o f  th e  c a r t i l a g e ,  in  w hich c h o n d ro c y te s , no lo n g e r  

tra p p e d  in  t h e i r  m a tr ix  la c u n a e , and su rrounded  by r e s id u a l  c o lla g e n  

f i b r e s ,  have come to  resem b le  f i b r o b l a s t s . "  Two h i s t o l o g i c a l  s tu d ie s  

o f  e a r ly  c a r t i l a g e  le s io n s  in  rh eu m ato id  a r t h r i t i s  su p p o rt t h i s  p o ss­

i b i l i t y  ( 104 , 105) .  M i l l s  s tu d ie d  26 b io p s ie s  ta k e n  from  th e  j o i n t  

m arg in  o f  th e  knee to  in c lu d e  c a r t i l a g e  bone and synovium . He 

found no ev id en ce  o f  pannus b u t a  c h ro n ic  s y n o v i t i s  and a  f ib r o ­

b l a s t i c  p r o l i f e r a t i o n  o f  th e  p e rich o n d riu m  w ith  c e l l s  p e n e t r a t in g  

th e  a r t i c u l a r  c a r t i l a g e .  From th e  h i s t o l o g i c a l  s e c t io n  i t  i s  

im p o ss ib le  to  d e te rm in e  w h eth er th e  *p e n e tra tin g *  f i b r o b l a s t s



51

o r ig in a te d  from  th e  p e ric h o n d riu m  o r  were tran sfo rm e d  chondrocy tes#  

T a t e i s h i ’ s r e p o r t  was an u l t r a s t r u o t u r a l  s tu d y  o f  th e  ju n c t io n  

betw een  c a r t i l a g e  and synovium# No i n f i l t r a t i n g  c e l l s  were seen  

a t  th e  ju n c t io n  and T a te i s h i  concluded  t h a t  th e  "ch o n d ro cy te s  

im m ed ia te ly  a d ja c e n t  to  th e  pannus • • • d iv id e  in t o  f i b r o b l a s t  

l i k e  c e l l s  fo llo w in g  a l t e r a t i o n  o f  th e  c a r t i l a g e  m a tr ix ."

K obayashi and Z i f f  d e s c r ib e  s e v e r a l  f e a tu r e s  o f  th e  ju n c t io n  

betw een th e  c a r t i l a g e  and synovium , one o f  vdiich i s  t h a t  

p h a g o c y tic  and f i b r o b l a s t i c  c e l l s  invade th e  c a r t i l a g e  (1 0 6 ) .

The a l t e r n a t i v e  e x p la n a tio n  t h a t  th e  chond ro cy tes  have tran sfo rm e d  

to  f i b r o b l a s t - l i k e  c e l l s  sh o u ld  be c o n s id e re d .

C hondrocytes may cause breakdown o f  c a r t i l a g e  m a tr ix  b e fo re  

th e  pannus re a c h e s  th e  c a r t i l a g e  s in c e  in  e a r ly  rh eu m a to id  a r t h r i t i s  

th e r e  i s  m a tr ix  d e p le t io n  w ith  no ev id en ce  o f  pannus fo rm a tio n  ( 107) .  

In  a  m acroscop ic  s tu d y  by C h ap lin  th e  c a r t i l a g e  a t  a  d is ta n c e  from 

any e roded  a r e a  was much s o f t e r  th a n  norm al c a r t i l a g e  (1 0 8 ) .  These 

s o f t  a r e a s ,  how ever, were i n  c o n ta c t  w ith  th e  s y n o v ia l membrane 

c o v e r in g  th e  a l a r  f a t  pad  and r e g io n s  w hich were in  c o n ta c t  w ith  

o th e r  c a r t i l a g e  were u n a f f e c te d .  D ecreased  amounts o f  c o lla g e n , 

n o n -c o lla g e n o u s  p r o te in s  and hexosam ine have been  found in  a p p a re n t ly  

norm al a re a s  o f  c a r t i l a g e  from  rheum ato id  j o i n t s  (1 0 9 ) .  E le v a te d  

l e v e l s  o f th e  d e g ra d a tiv e  enzymes c a th e p s in  B and ^ a c e t y l  g lu c o s -  

am in id ase  have a ls o  been  d is c o v e re d  i n  c a r t i l a g e  n o t  a s s o c ia te d  

w ith  pannus (1 1 0 ) .  S e v e ra l u l t r a s t r u o t u r a l  s tu d ie s  o f  rh eu m ato id  

c a r t i l a g e  have shown changes i n  chondrocy te  m orphology in  a re a s  

a t  a  d is ta n c e  from  th e  pannus (1 11 ,112 ) and i n  one r e c e n t  r e p o r t  

f ra g m e n ta tio n  o f  c o l la g e n  and p h a g o c y to s is  by th e  ch o n d ro cy tes  h a s  

been  d e s c r ib e d  (1 1 $ ) .
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(b )  Q s t e o a r t h r i t i s

The m a jo r i ty  o f  c a se s  o f  o s t e o a r t h r i t i s  a re  id io p a th ic  (114) 

b u t  some a r e  a  consequence o f  trau m a, p re v io u s  in flam m ato ry  a r t h r i t i s ,  

o r  m e ta b o lic  d is e a s e s  such  a s  acrom egaly  ( f o r  rev iew  see  p ey ro n , 115) ,  

T h is  d is e a s e  i s  b e s t  c o n s id e re d  a s  th e  f i n a l  common pathw ay o f  

c a r t i l a g e  i n  re sp o n se  to  many d iv e r s e  s t im u l i .

The h i s t o l o g i c a l  changes i n  o s t e o a r t h r i t i s  a re  c h a r a c te r i s e d  

by lo s s  o f  p ro te o g ly c a n  (1 1 6 ,1 1 ? ) , f i b r i l l a t i o n  and s p l i t t i n g  o f  

th e  c a r t i l a g e  (1 1 8 ) , some cho n d ro cy te  d e a th  and c l u s t e r s  o f  

p r o l i f e r a t i n g  c h o n d ro c y te s . T here i s  p ro g re s s iv e  lo s s  o f  c a r t i l a g e  

th ic lcn e ss  and e v e n tu a l ly  th e  c a r t i l a g e  d is a p p e a rs  to  expose under­

ly in g  bone .

One o f  th e  e a r l i e s t  changes i n  th e  c a r t i l a g e  i s  an in c re a s e  in  

th e  w a te r  c o n te n t o f  th e  m a tr ix  (1 1 9 ) .  T h is  a p p e a rs  b e fo re  th e  

d e c re a se  in  th e  g lycosam inog lyoan  c o n te n t and i s  ev id en ce  th a t  

th e r e  i s  a  p rim ary  a l t e r a t i o n  i n  th e  c o lla g e n  meshwork a l lo w in g  

th e  h y d ro p h il ic  p ro te o g ly c a n  to  sw e ll (1 2 0 ) . T h is  m ight be due 

to  d i r e c t  m ech an ica l f a c t o r s  o r  to  a  b io c h em ic a l a l t e r a t i o n  o f  

th e  c o l la g e n .  O s t e o a r t h r i t i c  c a r t i l a g e  h as  been  shown to  c o n ta in  

e le v a te d  l e v e l s  o f  p ro te o g ly c a n -d e g ra d in g  enzymes (121 , 122) and , 

i n  c u l tu r e ,  i t  r e l e a s e s  c o lla g e n -d e g ra d in g  enzymes (1 2 5 ,1 2 4 ) . The 

re a so n  f o r  th e  in c re a s e  in  d e g ra d a tiv e  enzymes i s  n o t  known. Acid 

p h o sp h a tase  and a lk a l in e  p h o sp h a ta se  l e v e ls  a re  a l s o  r a i s e d  in  

o s t e o a r t h r i t i c  c a r t i l a g e  and i n  th e  d eep e r l a y e r s  th e  number o f  

m a tr ix  v e s i c l e s ,  w hich a r e  th o u g h t to  c o n ta in  h y d ro x y a p a t i te , i s  

in c re a s e d  (1 2 5 ,1 2 6 ) .

I t  h a s  been su g g e s te d  t h a t  th e  a l t e r a t i o n  i n  chondrocy te  

fu n c t io n  i s  a  consequence o f  m ech an ica l f a c t o r s  (5 ) b u t  r e c e n t ly  

an h y p o th e s is  h as  been  p ro p o sed  s u g g e s tin g  th e  synovium as  th e
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s i t e  o f  th e  ( a s  y e t  unknown) p rim ary  l e s io n  (1 2 7 ) .  The synovium 

i s  commonly in v o lv e d  i n  o s t e o a r t h r i t i s  w ith  su h sy n o v ia l f i b r o s i s  

a s  a  p rom inen t f e a tu r e  (1 2 8 ,1 2 9 ) . In flam m ato ry  changes may o ccu r 

i n  th e  synovium som etim es a t  an e a r ly  s ta g e  o f  th e  d is e a s e  b u t  

more o f te n  i n  th e  l a t e  s ta g e s ,  p o s s ib ly  due to  sh ed d in g  o f  

c a r t i l a g e  fragm en ts  in to  th e  s y n o v ia l f l u i d  (1 5 0 ,1 $ 1 ,1 $ 2 ) . The 

im portance  o f  th e  sy n o v ia l t i s s u e  f o r  norm al c a r t i l a g e  fu n c tio n  

h as  been  s t r e s s e d  by C reuss who found  a lm o st com plete d e s t r u c t io n  

o f  c a r t i l a g e  in  s l ip p e d  fem o ra l e p ip h y se s  a s s o c ia te d  w ith  e x te n s iv e  

f i b r o t i c  r e a c t io n  in  th e  ca p su le  and absence o f  th e  sy n o v ia l l i n i n g  

(135)* He t h o u ^ t  t h a t  th e  c a r t i l a g e  lo s s  was seco n d ary  to  th e  

s y n o v ia l d i s f u n c t io n .  As s t a t e d  i n  an  e a r l i e r  S e c tio n  th e  a d u l t  

c a r t i l a g e  d e r iv e s  a l l  i t s  n u t r i t i o n  from  th e  synovium .

(c )  O th e r  C o n d itio n s  C ausing  C a r t i la g e  D e s tru c tio n

A l th o u ^  many a r t h r i t i c  d is e a s e s  o th e r  th a n  rh eu m ato id  a r t h r i t i s  

and o s t e o a r t h r i t i s  cause c a r t i l a g e  d e s t r u c t io n  th e  mechanism o f  m a tr ix  

lo s s  in  m ost o f  them h a s  n o t  been  s tu d ie d .  T here i s  o f te n  a  d e a r th  

o f  h i s t o l o g i c a l  d a ta  and th e  changes in  th e  c a r t i l a g e  a re  p o o r ly  

u n d e rs to o d .

B efo re  we c o n s id e r  o th e r  d i s e a s e s ,  an example o f  norm al chondro­

c y te s  d eg ra d in g  th e  m a tr ix  may be m en tio n ed . I n  th e  norm al developm ent 

o f  th e  human u ln a  th e  h y a l in e  c a r t i l a g e  i n  th e  sigm oid  n o tc h  undergoes 

d e s t r u c t io n  (1 5 4 ) .  I n  t h i s  a r e a  th e  m a tr ix  i s  co m p le te ly  re s o rb e d  

by th e  ch o n d ro cy tes  le a v in g  a  mass o f  f i b r o b l a s t - l i k e  c e l l s  i n  th e  

n o tc h .

S e v e ra l d is e a s e s  w hich a r e  a s s o c ia te d  w ith  c r y s t a l  fo rm a tio n  in  

co n n e c tiv e  t i s s u e  cause  d e s t r u c t io n  o f  c a r t i l a g e . I n  g o u t, c r y s t a l s  

o f  sodium u r a te  a re  d e p o s i te d  r a d i a l l y  i n  th e  s u p e r f i c i a l  p o r t io n  o f  

th e  a r t i c u l a r  c a r t i l a g e  (1 3 5 ) .  T h is  som etim es le a d s  to  d i s in t e g r a t i o n
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o f  th e  a r t i c u l a r  c a r t i l a g e  by an  unknown mechanism w ith  seco n d ary  

o s t e o a r t h r i t i s ,  m assive  o b l i t e r a t i o n  o f  th e  j o i n t  s t r u c t u r e ,  o r  a  

c h ro n ic  tophaceous s y n o v i t i s  w ith  d i f f u s e ,  n o n - s p e c i f ic  a c u te  and 

c h ro n ic  in flam m ato ry  r e a c t io n  and sm a ll a re a s  o f  p annus. The 

f a c t o r s  w hich c o n t ro l  th e s e  d i f f e r e n t  p a t te r n s  a r e  unknown.

A lthough ca lc ium  py rop h o sp h ate  a r th ro p a th y  can p r e s e n t  w ith  an 

a c u te  s y n o v i t i s  s im i la r  to  t h a t  o f  g o u t, th e  p a t t e r n  o f  c r y s t a l  

d e p o s i t io n  in  th e  c a r t i l a g e  d i f f e r s .  The c r y s t a l s  ap p e a r f i r s t  . 

i n  th e  la y e r s  o f  th e  in te rm e d ia te  o r  mid zone and n o t  th e  a r t i c u l a r  

c a r t i l a g e  s u r f a c e ,  th e  c a l c i f i e d  la y e r  o r  th e  bone ( 136) .  I t  tfas 

a l s o  n o te d  t h a t  th e r e  was d e p le t io n  o f  p ro te o g ly c a n  in  th e  m a tr ix  

o f  m ild ly  in v o lv e d  a r e a s .  I t  i s  n o t  la io m  v/hether th e  lo s s  o f  

m a tr ix  i s  in d u ced  by  th e  ch o n d ro cy tes  in  th e  m idd le  zone o r  i s  

due to  an a l t e r a t i o n  i n  th e  s y n th e s is  o f  p ro te o g ly c a n  ( 157)#

I n  o c h ro n o tic  a r th ro p a th y  th e  c r y s t a l s  o f  h o m o g e n tis ic  a c id  

a re  a ls o  d e p o s ite d  in  th e  d e e p e r zones o f  th e  c a r t i l a g e  w ith  no 

ev id en ce  o f  d i s c o lo r a t io n  o f  th e  a r t i c u l a r  su rfa c e *  T h is  le a d s  

to  f o c a l  a r e a s  o f  c a r t i l a g e  e ro s io n  ex p o sin g  shaggy, f i b r i l l a t e d ,  

b la c k  c a r t i l a g e .  U n lik e  o s t e o a r t h r i t i s ,  how ever, th e  ch o n d ro cy tes  

a lo n g  th e  f i s s u r e s  o f  d e g ra d in g  c a r t i l a g e  do n o t  p r o l i f e r a t e  ( 158)* 

An u l t r a s t r u c t u r a l  s tu d y  o f  th e  c a r t i l a g e  showed se v e re  d e g ra d a tio n  

o f  th e  c o lla g e n  f i b r e s  ( 139) b u t  i t  was n o t c l e a r  w hether t h i s  was 

an e a r ly  o r  a  l a t e  change.

R e c e n tly  i t  h a s  been  su g g e s te d  t h a t  some o f  th e  f e a tu r e s  o f  

o s t e o a r t h r i t i s  m igh t be due to  d e p o s i t io n  o f  h y d ro x y a p a t ite  ( 140) .  

C r y s ta l s  o f  a p a t i t e  have been  i d e n t i f i e d  in  th e  d e e p e r la y e r s  o f  

th e  c a r t i l a g e  ( 141) ,  b u t  a g a in  i t  i s  n o t  Imo^m w h eth er th e y  a re  a  

p rim ary  f e a tu r e  o f  th e  d is e a s e .
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C hondrom alacia p a t e l l a e  cau ses  e ro s io n  o f  p a t e l l a r  c a r t i l a g e  

m a in ly  i n  young p e o p le . The e a r l i e s t  f e a tu r e  i s  s o f te n in g  o f  th e  

c a r t i l a g e  w ith  lo s s  o f  p ro te o g ly c a n  (1 4 2 ) , fo llo w ed  by f i b r i l l a t i o n ,  

f i s s u r i n g  and e ro s io n  o f  a r t i c u l a r  c a r t i l a g e  w ith  fo rm a tio n  o f  

c l u s t e r s  o f  p r o l i f e r a t i n g  ch o n d ro cy tes  and s c l e r o s i s  o f  su b ch o n d ra l 

bone ( 145) ,  The h is to lo g y  s u g g e s ts  a  p rim ary  r o le  f o r  th e  chondro­

c y te s  whose fu n c t io n  m igh t be a l t e r e d  by m ech an ica l o r  hum oral f a c t o r s .

In  r e la p s in g  p o ly c h o n d r i t i s  th e r e  i s  lo s s  o f  p ro te o g ly c a n  from  

th e  c a r t i l a g e  m a tr ix  w ith  p r e s e r v a t io n  in  th e  im m ediate p e r i  la c u n a r  

zones around th e  u n a f f e c te d  ch o n d ro cy tes  (144)# F o ca l o h o n d ro ly s is  

i s  seen  w ith  i n f i l t r a t i o n  o f  m ononuclear le u c o c y te s ,  su b seq u en t 

f i b r o s i s ,  f o c a l  c a l c i f i c a t i o n  and th e  fo rm a tio n  o f  m a tr ix  v e s i c l e s  

a round  a f f e c t e d  ch o n d ro cy tes  (1 4 5 ,1 4 6 ) . In c re a s e d  tra n s fo rm a tio n  

o f  lym phocytes from  p a t i e n t s  \ f i th  r e la p s in g  p o ly c h o n d r i t i s  when 

exposed  to  p ro te o g ly c a n  w ith  an in c re a s e  i n  th e  p ro d u c tio n  o f  

m acrophage in h i b i t i o n  f a c t o r  su g g e s t a  c e l l  m ed ia ted  re sp o n se  ( 147)* 

From th e  h i s to lo g y  i t  w ould seem th a t  th e  d e p le t io n  o f  m a tr ix  i s  

cau sed  by th e  i n f i l t r a t i n g  m ononuclear c e l l s  and n o t  p r im a r i ly  by 

th e  ch o n d ro c y te s .

The e a r l y  le s io n  in  a n k y lo s in g  s p o n d y l i t i s  h as  been  d e s c r ib e d  

a s  re se m b lin g  p o ly c h o n d r i t i s  more c lo s e ly  th a n  rh eu m a to id  a r t h r i t i s

( 148) .  The e a r l i e s t  change i s  a  l o c a l  in flam m ato ry  e ro s io n  o f  

c a r t i l a g e  w ith  i n f i l t r a t i o n  o f  m ononuclear le u c o c y te s  a t  th e  

c a r t i l a g e  m arg ins which i s  fo llo w ed  by f ib r o u s  and bony a n k y lo s is

( 149)# L a te r  changes i n  th e  synovium a re  v e ry  s im i la r  to  rh eu m ato id  

a r t h r i t i s  w ith  v i l l o u s  h y p e r tro p h y , h y p e rp la s ia  and  i n f i l t r a t i o n  o f  

lym phocy tes, p lasm a c e l l s  and  h i s t i o c y t e s  (150)#

The s tu d y  o f  th e  p a th o g e n e tic  mechanisms in v o lv e d  i n  c a r t i l a g e  

breakdown i s  co m p lica ted  by th e  s i m i l a r i t y  o f  th e  h i s t o l o g i c a l  changes
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i n  many o f  th e  d is e a s e s .  F o r .example i n  sy stem ic  lu p u s  e ry th e m a to u s  ( 

s y n o v ia l changes in d i s t in g u is h a b le  from  th o se  o f  rheum ato id  a r t h r i t i s  

may o ccu r i n  th e  absence o f  any e ro s io n  o r  o th e r  d e s t r u c t iv e  e f f e c t s  

in  th e  c a r t i l a g e .  On th e  o th e r  hand , in  a  sm all m in o r i ty  o f  c a se s  

b o th  s y n o v i t i s  and e ro s io n  o f  c a r t i l a g e  a re  p r e s e n t  ( I 5I ) .

I n  summary, th e re  a p p e a rs  to  be an a c t iv e  r o l e  f o r  th e  ch o n d ro cy tes  

and synovium in  th e  d e s t r u c t io n  o f  th e  c a r t i l a g e  m a tr ix  i n  many ty p e s  

o f  a r t h r i t i s .  S tudy o f  th e  human p a th o lo g y  h a s  n o t  y e t  u n ra v e l le d  

th e se  p rob lem s, an u n d e rs ta n d in g  o f  tvhich i s  c r u c i a l  to  th e  c o n t ro l  

o f  th e  d is e a s e s .

(d ) I n  Vivo E xperim en ts

I n  an a t te m p t to  s im u la te  rheum ato id  a r t h r i t i s  many e x p e rim e n ta l 

m odels have been  d e s c r ib e d .  M ost o f  th e se  in v o lv e  th e  p a r e n te r a l  

a d m in is t r a t io n  o f  m a te r ia l  in to  la b o ra to r y  a n im a ls . page-Thomas 

h as  c o n s id e re d  th e s e  ex p erim en ts  in  two b road  g roups; a  d i r e c t  

in flam m ato ry  a r t h r i t i s  caused  by th e  i n j e c t i o n  o f  a r th r i to g e n i c  

su b s ta n c e s  in to  th e  j o i n t  and an  e x p e rim e n ta l a l l e r g i c  a r t h r i t i s  

in d u ced  by th e  i n j e c t i o n  o f  a n t ig e n  in to  th e  j o i n t  in  a  p re v io u s ly  

s e n s i t i s e d  an im al ( 152) .

E a r ly  work w ith  n o x io u s  su b s ta n c e s  such  a s  tu r p e n t in e  i n j e c te d  

in to  th e  j o i n t  a re  d i f f i c u l t  to  i n t e r p r e t  b u t th e  i n j e c t i o n  o f  

c e r t a in  m aorom olecules h a s  p roduced  some p a r a l l e l s  w ith  rheum ato id  

a r t h r i t i s .

An example o f  a  d i r e c t  in flam m ato ry  a r t h r i t i s  i s  th e  i n t r a -  

a r t i c u l a r  i n j e c t i o n  in to  r a b b i t  la iees o f  th e  m ucopo lysaccharide  

c a r ra g e n in  (1 5 3 ) . R epeated  in j e c t i o n s  produce a  c h ro n ic  j o i n t  

l e s io n  w ith  sy n o v ia l h y p e r p la s ia ,  lym phocy tic  f o c i ,  f i b r i n  d e p o s i t io n  

and m a rg in a l e ro s io n s  o f  c a r t i l a g e .  R ecent s tu d ie s  o f  t h i s  model
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have shown th a t  one o f  th e  e a r l i e s t  f e a tu r e s  i s  lo s s  o f  p ro te o ­

g ly c a n  from th e  m a tr ix  w ith  up to  60% l o s t  a f t e r  a  s in g le  i n j e c t i o n  

( 154)* F u r th e r  in j e c t i o n s  cause  o n ly  a  sm all d e c re a se  i n  th e  

p ro te o g ly c a n  h u t  in s te a d  o f  th e  p ro te o g ly c a n  b e in g  re p la c e d  a s  

o c c u rre d  a f t e r  a  s in g le  i n j e c t i o n  th e  c a r t i l a g e  i s  u n ab le  to  

re c o v e r .  T h is  absence o f  re c o v e ry  c o in c id e s  w ith  th e  appea rance  

o f  e ro s io n  in  th e  c a r t i l a g e  s u r f a c e ,  A l th o u ^  h i s t o l o g i c a l  f e a tu r e s  

o f  in flam m ato ry  a r t h r i t i s  can be seen  th e  v e ry  e x te n s iv e  lo s s  o f  

p ro te o g ly c a n  from  th e  m a tr ix  i n  th e  absence  o f  in v a d in g  pannus 

su g g e s ts  t h a t  e i t h e r  th e  m a tr ix  i s  b e in g  d e p le te d  by a c t iv e  enzymes 

from  th e  s y n o v ia l f l u i d  o r  t h a t  th e  chond ro cy tes  have a  d i r e c t  r o le  

i n  th e  re sp o n se  to  th e  c a r r a g e n in .  I t  i s  n o t  e a sy  in  th e  an im al 

model to  d ec id e  w hich o f  th e  m echanism s i s  a c t i v e ,

A v a r i e t y  o f  o th e r  a g e n ts  in j e c te d  d i r e c t l y  in to  j o i n t s  have 

been  shown to  induce  a  s y n o v i t i s  w ith  v a r ia b le  c a r t i l a g e  breakdow n. 

These in c lu d e  s t r e p to c o c c a l  c e l l  w a l ls  (1 3 5 ) , E .c o l i  ( I 56) ,  immune 

com plexes ( 157) ,  p u r i f i e d  gam m aglobulin (1 5 8 ) , p o ly - ly s in e  (1 5 2 ) , 

c a r t i l a g e  p o ly s a c c h a r id e  ( 159) ,  b lo o d  (1 6 0 ) , f i l i p i n  (1 6 1 ,1 6 2 ) , 

lym phokines ( I 63) ,  and l e c t i n s  ( I 64) ,  In  a l l  th e se  m odels an a c t iv e  

r o le  f o r  th e  sy n o v ia l t i s s u e  o r  th e  ch o n d ro cy tes  i s  p o s s ib le .  The 

ch o n d ro cy tes  have been  im p lic a te d  i n  th e  a r t h r i t i s  caused  by  f i l i p i n  

(161).

The model o f  d i r e c t  in flam m ato ry  a r t h r i t i s  te n d s  to  be a  s e l f -  

l i m i t in g  a r t h r i t i s  w hich can l a s t  up to a  y e a r  b u t  o f te n  s e t t l e s  much 

e a r l i e r  ( 152) ,  The e x p e rim e n ta l model o f  a l l e r g i c  a r t h r i t i s ,  how ever, 

h as  a  much more c h ro n ic  c o u rs e . The a r t h r i t i s  i s  induced  by i n j e c t i n g  

an  a n t ig e n  in to  th e  j o i n t  o f  a  p re v io u s ly  s e n s i t i s e d  a n im a l. F or th e  

s e n s i t i s i n g  p ro ced u re  Freund* s  com plete a d ju v a n t i s  u s u a l ly  u t i l i s e d .  

T h is  system  was o r i g i n a l l y  d e s c r ib e d  by F r i^ d b e rg e r  i n  1913 (152)
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b u t i s  commonly Icnown a s  th e  Glynn Bumonde model a f t e r  t h e i r  

d e s c r ip t io n  o f  th e  a r t h r i t i s  in d u ced  in  r a b b i t s  by t h i s  te ch n iq u e  

u s in g  human f i b r i n  a s  th e  a n t ig e n  (1 6 5 ) .  T h is  model p roduces 

s y n o v ia l c e l l  h y p e r p la s ia ,  p e r iv a s c u la r  accu m u la tio n  o f  lympho­

c y te s ,  lym phoid f o l l i c l e s ,  d i f f u s e  p lasm a c e l l  i n f i l t r a t i o n ,  pannus 

and c a r t i l a g e  e ro s io n .  I t  h a s  been  su g g e s te d  th a t  th e  c h r o n ic i ty  

o f  th e  a r t h r i t i s  i s  due to  d e p o s i t io n  o f  immune com plexes w ith in  

th e  c a r t i l a g e ;  th e re  i s  some ev id en ce  f o r  th e  e x is te n c e  o f  such  

com plexes i n  th e  c a r t i l a g e  (1 6 6 ) .

The ch o n d ro cy tes  m igh t be c o n t r ib u t in g  to  th e  breakdow n o f  

th e  m a tr ix .  H is to c h e m ic a l changes a re  seen  i n  c e l l s  a t  a  d is ta n c e  

from  th e  in v a d in g  pannus (1 6 7 ) .  E le v a te d  l e v e l s  o f  a lk a l in e  

p h o sp h a ta se , a c id  p h o sp h a ta se  and ATP a se  a re  found in  th e  d eep e r 

zones o f  c a r t i l a g e  from  th e  a r t h r i t i c  j o i n t ,  and th e r e  i s  d i f f u s e  

lo s s  o f  p ro te o g ly c a n  from  th e  m a tr ix  u n r e la te d  to  th e  in v a d in g  pannus,

R e c e n tly  an  a l l e r g i c  model h a s  been  d e s c r ib e d  w hich does n o t  

r e l y  on any i n t r a - a r t i c u l a r  s t im u lu s  to  p roduce th e  a r t h r i t i s  

(1 6 8 ) .  An a c u te  a r t h r i t i s  was in d u ced  in  one f i f t h  o f  th e  r a b b i t s  

s tu d ie d ,  by th e  re p e a te d  in tra v e n o u s  i n j e c t i o n  o f  bo v in e  serum . 

H is to lo g ic a l  changes o f  s y n o v i t i s  and p an n u s-fo rm a tio n  were se e n , 

and immune com plexes w ere found i n  th e  j o i n t  t i s s u e s  (1 6 9 ) . A gain 

th e  e x a c t mechanism o f  m a tr ix  d e s t r u c t io n  canno t be deduced from 

th e s e  e x p e rim e n ts .

The consequences o f  enzym atio  d e p le t io n  o f  c a r t i l a g e  were f i r s t  

shown by Thomas a f t e r  th e  in tra v e n o u s  i n j e c t i o n  o f  c rude  p ap a in  

in to  r a b b i t s  (1 7 0 ) . T h is  p roduced  r e v e r s ib l e  c o l la p s e  o f  th e  e a r s  

and d e p le t io n  o f  p ro te o g ly c a n  in  a l l  c a r t i l a g in o u s  t i s s u e s .  R epeated  

i n t r a r - a r t i c u l a r  i n j e c t i o n  o f  p a p a in  in to  r a b b i t  Icnees causes 

d e g ra d a tio n  o f  th e  c a r t i l a g e  e s p e c i a l l y  i n  th e  w e i ^ t  b e a r in g  

r e g io n s  ( I 7 I ) .
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E xcess v ita m in  A ( r e t i n o l ) , w hich i s  known to  s t im u la te  th e  

r e le a s e  o f  ly sosom al enzymes ( 172) ,  p roduces d e p le t io n  o f  p ro te o ­

g ly c a n  in  th e  c a r t i l a g e  m a tr ix  o f  r a b b i t  knees (1 7 3 ,1 7 4 ) , and 

ex c e ss  o f  i n t r a - a r t i  c u la r  v ita m in  A cau ses  o s t e o a r t h r i t i c  changes 

in  th e  an im a ls  (175)*

T here a re  s e v e r a l  o th e r  m odels f o r  human o s t e o a r t h r i t i s  w hich 

cause  p ro te o g ly c a n  d e p le t io n ,  chondrocy te  p r o l i f e r a t i o n  and 

f i b r i l l a t i o n  o f  c a r t i l a g e .  E x p erim en ta l r u p tu re  o f  th e  c r u c ia te  

l ig a m e n t in  dogs in v a r i a b ly  p ro d u ces  o s t e o a r t h r i t i s  (1 7 6 ) .  T h is  

model has been  s tu d ie d  in  d e t a i l  by M uir and co -w orkers and th e  

sequence o f  e v e n ts  seems to  be  v e ry  s im i la r  to  n a t u r a l  o s te o ­

a r t h r i t i s  in  dogs and humans (177 ) ( f o r  rev iew  see  M uir, 2 1 ) ,

S tudy o f  th e  e a r ly  changes d e m o n stra te s  t h a t  an in c re a s e  in  w a te r  

c o n te n t i s  one o f  th e  f i r s t  d e te c ta b le  e v e n ts ,  s u g g e s tin g  w id esp read  

damage to  th e  c o l la g e n  netw ork  w hich co u ld  be e i t h e r  m e c h a n ic a lly  

o r  c h e m ic a lly  in d u c e d . I t  i s  a l s o  o f  i n t e r e s t  t h a t  th e r e  i s  

m ic ro sc o p ic  ev id en ce  o f  o s te o p h y te  fo rm a tio n  w ith in  3 days o f  

th e  r u p tu re  o f  th e  l ig a m e n t, b e fo re  th e re  i s  lo s s  o f  p ro te o g ly c a n  

o r  o f  c o l la g e n  (1 7 8 ) ,

O th e r m odels w hich mimic human o s t e o a r t h r i t i s  in c lu d e  j o i n t  

com pression  ( 179) ,  p a r t i a l  raenisectom y (1 8 0 ,1 8 1 ) , and i n t r a -  

a r t i  c u la r  s t e r o i d  i n j e c t i o n  (1 8 2 ) ,  S c a r i f i c a t io n  o f  th e  c a r t i l a g e  

f a i l s  to  p roduce o s t e o a r t h r i t i s  c o n s i s te n t ly  (1 8 3 ,1 8 4 ,1 8 5 ) .

C a r t i la g e  n e c r o s is  by c o ld  i n j u r y  i s  o f  i n t e r e s t  because  i t  

f a i l s  to  p roduce d e g e n e ra tiv e  changes in  v iv o  ( 186) • A reas o f  

a r t i c u l a r  c a r t i l a g e  i n  r a b b i t s  w ere s u b je c te d  to  lo c a l  f r e e z in g .

T h is  k i l l e d  th e  ch o n d ro cy tes  b u t d id  n o t  d e n a tu re  th e  c o l la g e n .

A f te r  10 days th e r e  was l o s s  o f  p ro te o g ly c a n  b u t  th e  breakdown
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o f  c a r t i l a g e  seemed to  s to p  a t  t h a t  s ta g e  and even a f t e r  6 months 

th e r e  was no v i s i b l e  d e s t r u c t io n  o f  th e  c o l la g e n .

The lo s s  o f  p ro te o g ly c a n , th e r e f o r e ,  does n o t  n e c e s s a r i ly  

r e s u l t  i n  th e  m ech an ica l breakdow n o f  c o l l a ^ n  and s u g g e s ts  t h a t  

l i v i n g  ch o n d ro cy tes  may be im p lic a te d  when such  d e s t r u c t io n  ta k e s  

p la c e .

A lthough synovium c l e a r ly  h a s  a  d e s t r u c t iv e  r o l e  i n  in flam m ato ry  

a r t h r i t i s  norm al synovium a l s o  may have a  d e le te r io u s  e f f e c t  on 

a r t i c u l a r  c a r t i l a g e  when th e  t i s s u e s  a re  in  c o n ta c t .  T h is  h a s  been  

shown i n  a  s tu d y  o f  p e r s i s t e n t  j o i n t  d e fo rm it ie s  in  r a b b i t  k nees

( 187) .  l ï i  lo n g s ta n d in g  and  p e r s i s t e n t  j o i n t  d e fo rm ity  th e  a r t i c u l a r  

c a r t i l a g e  i s  g r o s s ly  abnorm al; som etim es i t  i s  c o m p le te ly  a b se n t o v er 

th e  p o r t io n  o f  th e  j o i n t  s u r fa c e  w hich i s  no lo n g e r  i n  c o n ta c t  w ith  

th e  o p p o sin g  a r t i c u l a r  s u r f a c e ,  b u t w hich i s  in  co n tin u o u s  c o n ta c t  

w ith  th e  sy n o v ia l membrane. R e m o b ilisa tio n  o f  th e  j o i n t  f a i l s  to  

in d u ce  re c o v e ry  and th e  p a th o lo g ic a l  changes p ro g re s s  to  o s t e o a r t h r i t i s .  

A r t i c u l a r  c a r t i l a g e  may a l s o  be re s o rb e d  by norm al t i s s u e  when homo­

g r a f t s  a re  t r a n s p la n te d  in to  a  j o i n t  ( 188, 189 , 190) o r  i n to  th e  m uscle

(188).

F in a l ly ,  a  s tu d y  o f  i n t r a ^ - a r t i c u la r  lo o se  b o d ie s  su g g e s te d  t h a t  

th e re  i s  tr a n s fo rm a tio n  o f  a  f r a c tu r e d  p o r t io n  o f  th e  a r t i c u l a r  

s u r fa c e  from  an  a n g u la r  to  a  rounded  body. The p e r ip h e r a l  chondro­

c y te s  ly s e  th e  su rro u n d in g  m a tr ix  and r e v e r t  to  f i b r o b l a s t s  b e fo re  

p r o l i f e r a t i n g  and fo rm in g  f i b r e  c a r t i l a g e  ( 191) .

In  summary, i n  many o f  th e  an im al m odels f o r  human a r t h r i t i s  

th e r e  i s  ev id en ce  t h a t  b o th  th e  sy n o v ia l c e l l s  and th e  ch o n d ro cy tes  

p a r t i c i p a t e  in  th e  lo s s  o f  th e  c a r t i l a g e  m a tr ix .  The r e l a t i v e  

im p o rtan ce  o f  th e se  o r  o th e r  c e l l  ty p e s  h as  n o t  been  d e te rm in e d .
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( e )  I n  v i t r o  E xperim en ts

F o r m ost o f  th e  t o  v i t r o  ex p erim en ts  on th e  hrealcdown o f  

c a r t i l a g e  m a tr ix  an o rgan  c u l tu r e  te c h n iq u e  h as  been  u se d . The 

o b je c t  o f  th e  te c h n iq u e  i s  to  keep  d i f f e r e n t i a t e d  t i s s u e s  a l iv e  

and fu n c t io n a l  _to v i t r o  and i s  d is c u s s e d  in  d e t a i l  i n  th e  C h ap te r 

on m ethods.

E xcess v ita m in  A was found to  have a  d r a s t i c  e f f e c t  on th e  

c a r t i l a g e  m a tr ix  o f  em bryonic c h ic k  lim b bone ru d im en ts  (1 9 2 ) ,

A f te r  10 days in  c u l tu r e  th e  c e l l s  w ere n o t  dead b u t  th e  m a tr ix  

was s e v e re ly  d e p le te d .  T h is  was n o t  j u s t  a  to x ic  e f f e c t  a s  h ig h e r  

d o ses  o f  th e  v ita m in  w ere l e s s  e f f e c t i v e  i n  c a u s in g  b reakdoim . 

V itam in  A was found to  i n h i b i t  th e  in c o rp o ra t io n  o f  s u lp h a te  in to  

c a r t i l a g e  m a tr ix  and a l s o  caused  r e le a s e  o f  t h a t  a l re a d y  p r e s e n t

(1 9 3 ) .  F u r th e r  s tu d ie s  in d ic a te d  t h a t  th e  v ita m in  g r e a t ly  in c re a s e d  

th e  s y n th e s is  and th e  e x t r a c e l l u l a r  r e le a s e  o f  an  a c id  p ro te a s e

( 194) and t h i s  enzyme r e l e a s e  was l a t e r  shown to  be l a r g e ly  

r e s p o n s ib le  f o r  th e  d e g ra d a tio n  o f  th e  c a r t i l a g e  m a tr ix  ( 195) .  

S tu d ie s  on lysosom es su g g e s te d  t h a t  v ita m in  A had  a  d i r e c t  e f f e c t  

on th e  membrane c a u s in g  r e le a s e  o f  th e  ly sosom al enzymes w ith o u t 

d is r u p t io n  o f  th e  lysosom e ( 172) ,

The m a tr ix  o f  ch ick  lim b bone ru d im en ts  can a l s o  be d eg raded  

b y  c u l tu r in g  th e  ru d im en ts  to  an  atm osphere o f  85% oxygen (1 9 6 ) . 

A gain t h i s  i s  th o u g h t to  be  due to  in c re a s e d  r e le a s e  o f  ly sosom al 

enzymes (1 9 7 ) .

The c a r t i l a g e  m a tr ix  i n  em bryonic ch ick  lim b bones i s  a f f e c te d  

by  a n t ib o d ie s  r a i s e d  a g a in s t  t i s s u e  a n t ig e n s  ( f o r  rev iew  see  F e l l ,  

198) .  I n  th e  e a r l i e s t  ex p erim en t r a b b i t  a n tis e ru m  to  m inced f o e t a l  

mouse t i s s u e  caused  r e s o r p t io n  o f  bone and lo s s  o f  m etachrom asia
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from  th e  te rm in a l  c a r t i l a g e  o f  th e  f o e t a l  mouse hone (1 9 9 ) . T h is

work was r e p e a te d  w ith  c h ic k  lim b bone ru d im en ts  and an a n t i  serum

to  c h ic k  e r y th r o c y te s .  The a n tis e ru m  caused  e x te n s iv e  b re a k d o m  

o f  th e  c a r t i l a g e  m a tr ix  and some r e s o r p t io n  o f  b o n e . The e f f e c t s  

w ere complement d ep en d e n t. The o s te o b la s t s  and ch o n d ro cy tes  became 

f i b r o b l a s t - l i k e  (2 0 0 ) . T here was a  change in  th e  ly sosom al p h y s io lo g y  

le a d in g  to  e x t ru s io n  o f  ly sosom al enzymes (2 0 1 ) . A n tib o d ie s  o f  th e  

IgG- o r  Ig 4  c la s s e s  r a i s e d  a g a in s t  c h ic k  e iy th ro o y te s  were e f f e c t iv e  

b u t  an  a n tis e ru m  a g a in s t  serum p r o te in  was i n e f f e c t i v e  (2 0 2 ) .

A l th o u ^  th e  r e s u l t  i s  v e ry  s im i la r  to  th e  e f f e c t  o f  v ita m in  A 

th e  a n tis e ru m  e x e r t s  i t s  e f f e c t  t h r o u ^  th e  c e l l  s u r fa c e  and n o t 

d i r e c t l y  on th e  ly so so m al membranes (2 0 3 ) . The e x a c t mechanism 

by which th e  a n t ib o d ie s  a c t  i s  n o t  Imown.

The a d d i t io n  o f  su c ro se  to  c u l tu r e s  cau ses  lo s s  o f  p ro te o g ly c a n

from  th e  a r t i c u l a r  c a r t i l a g e  o f  c h ic k  lim b bone ru d im en ts  w ith  an

in c re a s e d  p ro d u c tio n  and r e le a s e  o f  ly sosom al enzym es. The su c ro se  

i s  ta k e n  up by th e  a r t i c u l a r  ch o n d ro cy tes  and p e r ic h o n d ra l  t i s s u e  

and accu m u la tes  in  th e  lysosom es (2 0 4 ) . When t r a n s f e r r e d  to  norm al 

medium th e  su c ro se  i s  l o s t  from  th e  c e l l s  and th e  s y n th e s is  and 

r e le a s e  o f  a c id  p ro te a s e  r e tu r n s  to  norm al ( 205) ,

T here a re  a t  l e a s t  two m a jo r d isa d v a n ta g e s  in th e  u se  o f  lim b 

bone ru d im e n ts . F i r s t ,  th e  em bryonic e p ip h y se a l ch o n d ro cy tes  w i l l  

n o t  n e c e s s a r i ly  r e f l e c t  th e  b e h a v io u r  o f  a d u l t  a r t i c u l a r  ch o n d ro cy tes  

and second , th e  c a r t i l a g e  i s  su rro u n d ed  by a  la y e r  o f  f ib ro u s  p e r i ­

c h o n d ra l t i s s u e  w hich m igh t in f lu e n c e  th e  b eh a v io u r o f  th e  chondro­

c y te s .  Much o f  th e  e a r l i e r  work h a s ,  th e r e f o r e ,  been  r e p e a te d  w ith  

p o s t - f o e t a l  a r t i c u l a r  c a r t i l a g e .  A s tu d y  o f  ex ce ss  v ita m in  A on 

p ig  a r t i c u l a r  c a r t i l a g e  su g g e s te d  th a t  i s o l a t e d  c a r t i l a g e  was o n ly
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s l i g h t l y  a f f e c te d  by th e  v ita m in  and t h a t  th e  p re se n c e  o f  o th e r  

t i s s u e s  such a s  marrow o r  j o i n t  ca p su le  were r e q u ire d  to  produce 

se v e re  d e p le t io n  (2 0 6 ) .  W ith t h i s  a s s o c ia te d  t i s s u e ,  th e re  was 

e x te n s iv e  breakdown o f  p ro te o g ly c a n  and c o lla g e n  w ith  tra n s fo rm ­

a t io n  o f  th e  ch o n d ro cy tes  to  f i b r o b l a s t - l i k e  c e l l s .  T here seemed 

to  be l i t t l e  re c o v e ry  a f t e r  rem oval o f  th e  e x c e ss  v ita m in . W ith 

s l i g h t l y  d i f f e r e n t  c u l tu r e  c o n d i t io n s ,  how ever, th e  v ita m in  was 

found to  have a  d i r e c t  e f f e c t  on c a r t i l a g e  w ith  lo s s  o f  p ro te o ­

g ly c an  ( 207) ,

The e f f e c t  o f  r a b b i t  a n tis e ru m  to  p ig  e ry th ro c y te s  on th e  p ig  

a r t i c u l a r  t i s s u e s  h as  been  e x te n s iv e ly  s tu d ie d  by F e l l  and co -w orkers 

( f o r  rev iew  see F e l l ,  19 8 ). The a n tis e ru m  had no d e l e te r io u s  e f f e c t  

on i s o l a t e d  h y a l in e  c a r t i l a g e  b u t  i n  th e  p re se n c e  o f  j o i n t  cap su le  

o r  marrow th e re  was e x te n s iv e  breakdown o f  m a tr ix .  T h is  e f f e c t  i s  

complement d ep en d en t. I t  was found  th a t  IgG was u n a b le  to  p e n e t r a te  

norm al h y a l in e  c a r t i l a g e  beyond th e  s u p e r f i c i a l  f ib ro u s  la y e r  (2 0 8 ) . 

I f ,  how ever, to e  p ro te o g ly c a n  was removed from  th e  m a tr ix  th e n  th e  

a n tis e ru m  e n te re d  th e  c a r t i l a g e  and caused  n e c r o s is  o f  th e  chondro­

c y te s .  The d e p le t io n  o f  p ro te o g ly c a n  cou ld  be caused  e i t h e r  by 

p re tr e a tm e n t  o f  th e  c a r t i l a g e  w ith  exogenous enzym es, such  a s  t r y p s in  

( 209) ,  o r  by th e  enzym atic  breakdow n induced  by in v a d in g  marrow ( 207) 

and j o i n t  c ap su le  (2 1 0 ) .

The d e s t r u c t iv e  e f f e c t  o f  th e  a n tise ru m  i s  r e v e r s ib l e  i f  p ro te o ­

g ly can  o n ly  has been  l o s t ,  b u t i f  th e  breakdown h as  p ro g re s se d  a s  

f a r  a s  e x te n s iv e  lo s s  o f  c o l la g e n  th e n  th e  p ro c e s s  seems to  be 

i r r e v e r s i b l e .  T h is  was found w ith  b o th  su b ch o n d ra l marrow (211) and 

c a p s u la r  t i s s u e  (2 1 2 ) . i n t e r e s t i n g l y ,  th e  a n tis e ru m  r e a c te d  s t r o n g ly  

w ith  th e  ch o n d ro cy tes  b u t n o t  w ith  th e  f i b r o b l a s t - l i k e  c e l l s  (2 1 1 ) .
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I I I  CONTROL OF SYNTHESIS OF CARTILAGE PROTEOGLYCAN

The p ro te o g ly c a n  i s  an e s s e n t i a l  component o f  th e  c a r t i l a g e  

m a tr ix  and e x te n s iv e  lo s s  p ro d u ces  sev e re  a l t e r a t i o n s  in  th e  

p h y s ic a l  p r o p e r t i e s  o f  th e  c a r t i l a g e  (2 1 3 ) . As d e s c r ib e d  e a r l i e r  

l o s s  o f  th e  p ro te o g ly c a n  i s  an e a r l y  f e a tu r e  o f  rh eu m ato id  a r t h r i t i s ,  

o s t e o a r t h r i t i s ,  and in  many o f  th e  e x p e rim e n ta l m odels o f  a r t h r i t i s .

The f a c t o r s  t h a t  c o n t ro l  th e  s y n th e s is  o f  p ro te o g ly c a n  a re  c e n t r a l  

to  any s tu d y  o f  c a r t i l a g e  changes i n  a r t h r i t i s .  I n  a d u l t  a r t i c u l a r  

c a r t i l a g e  th e  p ro te o g ly c a n  h as  a  h ig h  r a t e  o f  tu rn o v e r ,  u n l ik e  th e  

c o l la g e n  which i s  v e ry  low , and hence in h i b i t i o n  o f  s y n th e s is  o f  

th e  p ro te o g ly c a n  w i l l  p roduce d e p le t io n  in  th e  m a tr ix .

A c h a r a c t e r i s t i c  f e a tu r e  o f  c a r t i l a g e  p ro te o g ly c a n  i s  th e  amount 

o f  s u lp h a te  t h a t  i t  c o n ta in s .  The in c o rp o ra t io n  o f  r a d io a c t iv e  s u lp h a te  

(^^SO ^), th e r e f o r e ,  can be u sed  a s  a  method f o r  a s s e s s in g  th e  a c t iv e  

s y n th e s is  o f  s u lp h a te d  p ro te o g ly c a n s  ( 214) .  ^^80^ i s  in c o rp o ra te d

in t o  grow ing c a r t i l a g e ;  i t  i s  f i r s t  ta k en  up by th e  ch o n d ro cy tes  

and th e n  r e le a s e d  in t o  th e  m a tr ix  bound to  th e  p ro te o g ly c a n  ( 215) .

A du lt c a r t i l a g e  a l s o  in c o rp o ra te s  ^^80^ (2 1 6 ,2 1 ? ) and some

a u th o rs  c la im  t h a t  i n  o s t e o a r t h r i t i s ,  d e s p i te  th e  r e l a t i v e  d e p le t io n

o f  p ro te o g ly c a n , th e  r a t e  o f  s y n th e s is  i s  in c re a s e d  (2 1 6 ,2 1 8 ,2 1 9 ,2 2 0 ,

2 2 1 ). A s im i la r  s tu d y  on human fem o ra l head  c a r t i l a g e ,  how ever,

55f a i l e d  to  show any in c re a s e  i n  th e  u p ta k e  o f  80^ in  th e  o s te o ­

a r t h r i t i s  c a r t i l a g e  ( 222) .

Rheum atoid a r t h r i t i c  c a r t i l a g e  in  c u l tu r e  in c o rp o ra te s  more

5580^ i f  th e  c a r t i l a g e  comes from  an ero d ed  r e g io n  th a n  i f  i t  i s  

ta k e n  from  a  n o n -e ro d ed  re g io n  in  th e  same j o i n t  ( 223) .  8in c e  

o th e r  s tu d ie s  su g g e s t t h a t  even th e  m a c ro sc o p ic a lly  i n t a c t  a re a s
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a re  o f te n  a f f e c te d  i n  rh eu m ato id  a r t h r i t i s  i t  i s  d i f f i c u l t  to  

i n t e r p r e t  t h i s  o b s e rv a t io n .  Rheum atoid sy n o v ia l t i s s u e  h as  been  

shown to  i n h i b i t  th e  s y n th e s is  o f  su lp h a te d  p ro te o g ly c a n  in  r a b b i t  

a r t i c u l a r  c a r t i l a g e  (224) and b ov ine  n a s a l  c a r t i l a g e  (2 2 5 ) .  I n  

th e  f i r s t  s tu d y  th e  u se d  medium from  c u l tu r e s  o f  rh eu m ato id  t i s s u e  

in h i b i t e d  p ro te o g ly c a n  s y n th e s is  b u t t h a t  from norm al s y n o v ia l 

t i s s u e  d id  n o t .  The e f f e c t  was p re v e n te d  by indom eth ac in  and i t  

was su g g e s te d  t h a t  th e  a c t iv e  f a c t o r  m igh t be a  p ro s ta g la n d in .

A s im i la r  i n h i b i t i o n  o f  s y n th e s is  h a s  been  found i n  th e  

c a r ra g e n in - in d u c e d  a r t h r i t i s  in  r a b b i t s  (226) and in  a n t ig e n  

in d u ced  a r t h r i t i s  ( 2 2 ? ) .  A s in g le  i n j e c t i o n  o f  c a r ra g e n in  caused  

a  50% d e c re a se  in  th e  r a t e  o f  p ro te o g ly c a n  s y n th e s is  i n  th e  a r t i c u l a r  

c a r t i l a g e .

E xperim en ts  have shown t h a t  a  v a r i e t y  o f  o th e r  f a c t o r s  d e c re a se  

th e  s y n th e s is  o f  p ro te o g ly c a n  by ch o n d ro cy te s . These in c lu d e  

c o r t i s o l  (2 2 8 ,2 2 9 ) , a  serum  f a c t o r  which m igh t be a ^ u c o c o r t i o o id  

( 250) ,  o e s t r a d io l  ( 231) ,  a  p i t u i t a r y  f a c t o r  ( 232) ,  h y a lu ro n ic  a c id  

( 235) ,  lym phokines ( 234) ,  h y p e ro x ia  ( 235) ,  p ro s ta g la n d in s  ( 236) ,  

d ip h o sp h o n a tes  ( 237) ,  a s p i r i n  ( 238) ,  and im m o b ilis a tio n  o f  th e  

j o i n t  ( 239 , 240 , 241) .

O pposing t h i s  h e te ro g e n o u s  group a re  f a c t o r s  w hich s t im u la te  

th e  s y n th e s is  o f  p ro te o g ly c a n  in  c a r t i l a g e .  These in c lu d e  grow th 

hormone in  v iv o  ( 242) b u t n o t  i n  v i t r o , somatomedins ( 243) ,  i n s u l i n  

( 243) ,  n o n -s u p p re s s ib le  i n s u l i n - l i k e  a c t i v i t y  (2 4 4 ) , th y ro x in e  

in  v iv o  ( 245) b u t n o t  t o  v i t r o  (2 4 3 ) ,  i n t r a c e l l u l a r  c y c l ic  AMP 

( 246) and th e  in t e r r u p t io n  o f  th e  n e rv e s  to  th e  j o i n t  ( 247) .

Enzym atic d e p le t io n  o f  th e  c a r t i l a g e  s t im u la te s  th e  s y n th e s is  o f  

p ro te o g ly c a n  to  r e p le n is h  th e  m a tr ix  (2 4 8 ,2 0 9 ,2 1 2 ) .
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The r e l a t i v e  im p o rtan ce  o f  t h i s  b e w ild e r in g  a r r a y  o f  p o t e n t i a l  

c o n t r o l l i n g  f a c t o r s  i s  nnlmown. Some f a c to r s  such  a s  grow th hormone 

and th y ro x in e  do n o t  seem to  have a  d i r e c t  e f f e c t  on th e  s y n th e s is  

o f  p ro te o g ly c a n  by p o s t  f o e t a l  chond ro cy tes  b u t a re  m ed ia te d  t h r o u ^  

o th e r  horm ones. # ic h  o f  th e  e x p e rim e n ta l work h a s  been  on f o e t a l  

o r  e p ip h y se a l c a r t i l a g e  o r  i n  im m ature la b o ra to r y  a n im a ls  and i t  

can n o t be assumed t h a t  th e s e  d a ta  w i l l  ap p ly  to  a d u l t  a r t i c u l a r  

c a r t i l a g e .  F o r  in s ta n c e ,  th y ro x in e  s t im u la te s  ch o n d ro g en esis  in  

em bryonic c h ic k  ch o n d ro cy tes  (249) b u t h a s  no d e te c ta b le  e f f e c t  

on r a b b i t  a r t i c u l a r  ch o n d ro cy tes  (2 5 0 ) ,  The re sp o n se  to  somatomedin 

by  r a b b i t  a r t i c u l a r  ch o n d ro cy tes  i s  d i f f e r e n t  from r a b b i t  e p ip h y se a l 

ch o n d ro cy tes  ( 251) .

I t  would ap p e a r t h a t  i n h i b i t i o n  o f  s y n th e s is  o f  p ro te o g ly c a n  

does n o t  n e c e s s a r i ly  mean in c re a s e d  d e s t r u c t io n  o f  c a r t i l a g e .  Thus 

R osner and co -w orkers showed t h a t  i n  o s t e o a r t h r i t i s  in d u ced  by p a r t i a l  

m enisectom y in  th e  r a b b i t ,  o e s t r a d i o l  su p p re sse d  th e  s y n th e s is  o f  

p ro te o g ly c a n  in  b o th  th e  e x p e r im e n ta l and c o n t ro l  j o i n t s  b u t th e  

s e v e r i t y  o f  th e  o s t e o a r t h r i t i s  was n o t  a f f e c t e d  by th e  hormone ( 252) .  

I t  i s  p o s s ib le  t h a t  th e  s t e r o i d  i s  h a v in g  o th e r  e f f e c t s  w hich m ight 

c o u n te r  th e  d im in ish ed  s y n th e s is  o f  p ro te o g ly c a n , such a s  re d u c t io n  o f  

th e  r e le a s e  o f  c a ta b o l ic  enzym es.

IV PROLIFERATION MB THANSFOMATIQN OF 

ARTICULAR CHONDROCYTES

The grow th o f  a r t i c u l a r  c a r t i l a g e  i s  by an i n t e r s t i t i a l  p ro c e s s  

r a t h e r  th a n  by a p p o s i t io n a l  grow th (2 5 5 ) . A s tu d y  o f  r a t s  w hich had 

been  exposed  b r i e f l y  to  -^H-thymidine w h ile  g row ing  showed th e  

p e r s is te n c e  o f  th e  l a b e l  in  th e  a d u l t  chond ro cy tes  w hich would n o t
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be e x p ec ted  i f  th e  c e l l s  w ere d iv id in g  f r e q u e n t ly  (2 5 4 ) . Blackwood 

( 255) showed t h a t  thym id ine  was ta k e n  up in  th e  in te rm e d ia te  zone 

and t h a t  th e  l a b e l  p ro g re s s e d  doivn to  th e  h y p e r tro p h ic  zo n e . He 

co u ld  f in d  no ev id en ce  o f  m ig ra tio n  to  the a r t i c u l a r  s u r f a c e .

A s tu d y  by Manlcin (2 5 6 ,2 5 7 ) in  r a b b i t s  su g g es ted  t h a t  th e r e  a re  

th r e e  d i f f e r e n t  p a t t e r n s  o f  c e l l  d iv i s io n  depend ing  on th e  age o f  

th e  a n im a l. I n  th e  new born th e  m i to t i c  f ig u r e s  were ev e n ly  

d i s t r i b u t e d  t h r o u ^ o u t  th e  a r t i c u l a r  c a r t i l a g e .  In  two month o ld  

an im a ls  th e  m ito se s  were in  two s e p a ra te  zones; one 5-12  c e l l s  

deep ly in g  p a r a l l e l  to  th e  a r t i c u l a r  s u r fa c e  and ab o u t 5 c e l l s  in  

th ic lcn e ss  and a n o th e r  10-15  c e l l s  i n  th ic k n e s s  ly in g  5-15  c e l l s  

above th e  c a l c i f y in g  zo n e . He p o s tu la te d  t h a t  th e  s u p e r f i c i a l  zone 

vras su p p ly in g  th e  new c e l l s  f o r  th e  a r t i c u l a r  s u r fa c e  and th a t  th e  

d eep e r zone was th e  c h o n d ro b la s t ic  phase  o f  endochondra l o s s i f i c a t i o n  

o f  th e  e p ip h y se a l n u c le u s .  In  o ld e r  an im als  ( f o u r  m onths) m ito se s  

were o n ly  found i n  th e  b a s a l  la y e r  above th e  c a l c i f i e d  c a r t i l a g e .

No m i to s is  was seen  i n  m ature a n im a ls . A lthough c e l l  d iv i s io n  has  

n o t  been  d e s c r ib e d  i n  a r t i c u l a r  c a r t i l a g e  from norm al a d u l t s ,  i t  

i s  im p o ss ib le  to  say  t h a t  th e  ch o n d ro cy tes  n e v e r  d iv id e .

S t r u c tu r a l  damage to  a d u l t  a r t i c u l a r  c a r t i l a g e  i s  p o o r ly  

r e p a i r e d  by  c h o n d ro c y te s . D uring  th e  p ro c e s s  o f  c a r t i l a g e  lo s s  th e  

ch o n d ro cy tes  e i t h e r  d ie  o r  cea se  to  resem ble  c h o n d ro c y te s . I t  i s  

im p o r ta n t to  know w h eth er o r  n o t  th e  ch o n d ro cy tes  cou ld  p r o l i f e r a t e  

and r e t a i n  th e  a b i l i t y  to  p roduce norm al e x t r a c e l l u l a r  m a tr ix .

C hondrocytes have a t  l e a s t  th r e e  p o t e n t i a l  ways o f  re sp o n d in g  

to  a  s i t u a t i o n .  They may be u n a b le  to  r e p l i c a t e  in  which case  th e  

c a r t i l a g e  w i l l  have o n ly  a  l im i t e d  c a p a c i ty  f o r  r e p a i r .  They may 

p r o l i f e r a t e  and m a in ta in  t h e i r  chond rogen ic  form ; t h i s  w i l l  mean 

th a t  th e  c a r t i l a g e  h a s  th e  p o t e n t i a l  to  r e p a i r  s u b s t a n t i a l  d e f e c t s .
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L a s t ly ,  th e y  may d e d i f f e r e n t i a t e  and cease  to  e x p re s s  th e  f e a tu r e s  

o f  a  ch o n d ro cy te ; in  t h i s  s i t u a t i o n  th e  ch o n d ro cy tes  m i ^ t  augment 

any  brealcdo\m in  th e  c a r t i l a g e  m a tr ix .  There i s  ev id en ce  th a t  

ch o n d ro cy tes  can b o th  p r o l i f e r a t e  a s  chond rocy tes and d e d i f f e r e n ­

t i a t e  to  f i b r o b l a s t - l i k e  c e l l s  u n d e r  s u i ta b le  c o n d i t io n s .

C lu s te r s  o f  ch o n d ro cy tes  su rro u n d ed  by p ro te o g ly c a n , have been  

re c o g n ise d  f o r  a  lo n g  tim e in  o s t e o a r t h r i t i c  c a r t i l a g e .  I t  was 

su g g e s te d  t h a t  th e se  c l u s t e r s  m e re ly  r e p re s e n te d  o r ig i n a l  s u rv iv in g  

ch o n d ro cy tes  b r o u ^ t  to g e th e r  by d e p le t io n  o f  th e  i n t e r c e l l u l a r  

m a tr ix ,  b u t  i t  i s  now t h o u ^ t  t h a t  th e  c l u s t e r s  a r e  due to  

p r o l i f e r a t i o n  o f  th e  c h o n d ro c y te s . In c re a s e d  MA s y n th e s is  h as  

been  shovm in  o s t e o a r t h r i t i c  c a r t i l a g e  (258) and i n  t h i s  d is e a s e  

" th e  ch o n d ro cy tes  . . .  seem to  r e v e r t  to  a  c h o n d ro b la s t ic  s t a t e  

and a re  cap ab le  o f  m aking new c e l l s  and m a tr ix  a t  a  much more r a p id  

r a t e  th a n  i s  n o rm a lly  s e e n ."  (2 5 9 ) . An u l t r a s t r u c t u r a l  s tu d y  o f  

o s t e o a r t h r i t i c  c a r t i l a g e  showed t h a t  th e  o rg an e l i a r  p a t t e r n  o f  th e  

c e l l s  was c o n s i s te n t  w ith  an  im m ature chondrocy te  (2 6 0 ) .  In  

ch ond rom alac ia  p a t e l l a e  th e  h i s t o l o g i c a l  changes a re  v e ry  s im i la r  

to  o s t e o a r t h r i t i s  and th e  ch o n d ro cy tes  in  th e  d e e p e r la y e r  a re  

h y p e r tro p h ic  and show m i to t i c  a c t i v i t y  (2 6 1 ) .

A du lt a r t i c u l a r  ch o n d ro cy tes  can undergo d ra m a tic  p r o l i f e r a t i o n  

i n  acrom egaly . In  t h i s  c o n d it io n  th e  c a r t i l a g e  i s  th ic k e n e d  w ith  

c l u s t e r s  o f  la rg e  a c t iv e  b a s a l  c h o n d ro c y te s . U lc e r a t io n  o f  th e  

c a r t i l a g e  a l s o  o ccu rs  "becau se  o f  u n eq u a l p r o l i f e r a t i o n  and m a tr ix  

fo rm a tio n  in  th e  mid zo ne , c r e a t in g  s t r e s s  in  th e  i n t e r  t e r r i t o r i a l  

a r e a s  and u l t im a te ly  f i s s u r in g "  (2 6 2 ) .  The e x a c t mechanism i s  n o t  

lo io m  b u t p ro b a b ly  a c t s  t h r o u ^  somatomedin (2 6 $ ) .

P r o l i f e r a t i o n  o f  a r t i c u l a r  ch o n d ro cy tes  h a s  been  p roduced  

e x p e r im e n ta lly  i n  v iv o  a f t e r  s c a r i f i c a t i o n  o f  th e  c a r t i l a g e  in  th e
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r a b b i t  ( 264) ,  p a r t i a l  m enisectom y o f  th e  r a b b i t  knee ( 265) ,  p a p a in -  

in d u ced  a r t h r i t i s  i n  r a b b i t s  ( 266) ,  i n  th e  r e p a i r  o f  s u r g ic a l  d e f e c ts  

in  th e  dog ( 267) ,  and i n  e x p e rim e n ta l h a e m a rth ro s is  in  th e  dog ( 268) .  

I n  th e  l a s t  example pannus ivas seen  in  th e  h a e m a r th ro t ic  j o i n t  and 

th e  c a r t i l a g e  u n d e r ly in g  a r e a s  o f  s y n o v ia l p r o l i f e r a t i o n  had in c re a s e d  

num bers o f  ch o n d ro c y te s .

As to  th e  q u e s tio n  o f  w hether chond ro cy tes  can d e d i f f e r e n t i a t e  

th e r e  have been  few s tu d ie s  in  human d i.sea se . One in v e s t ig a t io n  o f 

th e  u l t r a s t r u c t u r e  o f  ch o n d ro cy tes  i n  chondrom alacia  p a t e l l a e  showed 

t h a t  th e  s u p e r f i c i a l  c e l l s  resem b led  f i b r o b l a s t s  ( 269) .  A f ib r o ­

b l a s t i c  tr a n s fo rm a tio n  h a s  been  su g g e s te d  in  rh eu m ato id  a r t h r i t i s ;  

from  an  u l t r a s t r u c t u r a l  ex am in a tio n  o f th e  ju n c t io n  betw een synovium 

and c a r t i l a g e  i t  \ias su g g e s te d  t h a t  "ch o n d ro cy te s  im m ed ia te ly  a d ja c e n t 

to  th e  pannus p resum ab ly  d iv id e  in to  f i b r o b l a s t  l i k e  c e l l s  fo llo w in g  

a l t e r a t i o n  o f  c a r t i l a g e  m a tr ix ."  (IO 5 ) .

T here i s  ample ev id en ce  t h a t ,  i n  c u l tu r e ,  th e  ch o n d ro cy tes  can 

d e d i f f e r e n t i a t e  (2 7 0 ,2 0 0 ) . Some f a c t o r s  w hich c o n t ro l  th e  chondro­

c y te  a re  Imown. A f r a c t i o n  o f  h ig h  m o le c u la r  w e ig h t from  embryo 

e x t r a c t  enhances d e d i f f e r e n t i a t i o n  w hereas one o f  low m o le c u la r  

w eig h t a llo w s  d e d i f f e r e n t i a t e d  c e l l s  to  r e v e r t  to  a  chondrogen ic  

phenotype (2 7 1 ) . A d d itio n  o f  v ita m in  G to  m onolayer c u l tu r e s  i s  

e s s e n t i a l  f o r  th e  m a in tenance  o f  t y p i c a l l y  c h o n d r if ie d  m asses o f  

c e l l s  ( 272) .  C hondrocy tes grown in  m onolayer c u l tu r e s  te n d  to  

d e d i f f e r e n t i a t e  w ith  f a i l u r e  to  s y n th e s is e  m a tr ix ,  b u t  i f  th e  c e l l s  

a re  a g g re g a te d  and g ro m  i n  o rgan  c u l tu r e  th e  c e l l s  r e t a i n  t h e i r  

c a p a c ity  to  produce m a tr ix  (2 7 5 ) . A s im i la r  r e s u l t  was o b ta in e d  

i f  th e  ch o n d ro cy tes  were m a in ta in e d  in  s p in n e r  c u l tu r e s  where th e y  

form ed la rg e  q u a n t i t i e s  o f  p ro te o g ly c a n  which was n o t  seen  in  mono­

la y e r  c u l tu r e s  (2 7 4 ) . N ot o n ly  can d e d i f f e r e n t i a t e d  ch o n d ro cy tes
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r e tu r n  to  a  chondrogen ic  form  b u t i t  h as  been  r e p o r te d  t h a t  f ib r o ­

c y te s  can tra n s fo rm  to  t y p i c a l  rounded  c a r t i l a g e  c e l l s  by m ech an ica l 

fo rc e s  ( 275)*

F a r th e r  ev id en ce  o f  th e  tr a n s fo rm a tio n  o f  ch o n d ro cy tes  comes 

from ex am in a tio n  o f  th e  ty p e  o f  c o l la g e n  s y n th e s is e d ,  The c o lla g e n  

i n  norm al h y a l in e  c a r t i l a g e  i s  e x c lu s iv e ly  o f  ty p e  I I  and s y n th e s is  

o f  t h i s  ty p e  o f  c o l la g e n  i s  in d i c a t iv e  o f  th e  norm al p h en o ty p ic  

e x p re s s io n  o f  a r t i c u l a r  c h o n d ro c y te s . Where th e  ch o n d ro cy tes  a p p ea r 

to  have d e d i f f e r e n t i a t e d  ty p e  I  i s  s y n th e s is e d  and som etim es ty p e  I I I .  

C hondrocytes i n  c u l tu r e  r e a d i ly  sw itc h  to  p ro d u c in g  ty p e  I  c o lla g e n  

( 276 , 277) and  in  o rgan  c u l tu r e  a  sw itc h  to  ty p e  I  and  I I I  h a s  been  

n o te d  ( 278 , 279) .  These form s o f  c o lla g e n  have been  found in  

a r t i c u l a r  c a r t i l a g e  from  human o s t e o a r t h r i t i s  (280 ,2 8 1 ) b u t  o th e r  

w orkers have been u n a b le  to  con firm  t h i s  o b s e rv a tio n  (2 8 2 ,2 1 ) ,

In  rh eu m ato id  a r t h r i t i s ,  w ith  sy n o v ia l pannus so in t im a te ly  r e l a t e d  

to  th e  c a r t i l a g e  i t  i s  im p o ss ib le  to  t e l l  w hether ty p e  I  and I I I  

c o lla g e n s  a re  p roduced  by th e  sy n o v ia l c e l l s  o r  by tra n s fo rm e d  

c h o n d ro c y te s .

T here i s  e v id e n c e , th e r e f o r e ,  t h a t  u n d er s u i t a b le  c o n d i t io n s ,  

a d u l t  a r t i c u l a r  ch o n d ro cy tes  can p r o l i f e r a t e  and rem ain  i n  a  

chondrogen ic  form  and u n d e r  o th e r  c o n d i t io n s  d e d i f f e r e n t i a t e  to  

a  f i b r o b l a s t - l i k e  c e l l .  O b v io u sly  a  c l e a r e r  u n d e rs ta n d in g  o f  th e  

f a c t o r s  t h a t  d e te rm in e  t h i s  p h en o ty p ic  e x p re s s io n  a r e  e s s e n t i a l  to  

o u r c o n tro l  o f  c a r t i l a g e  f u n c t io n .
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CHAPTER 5
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MATERIALS M S  METHODS

In  n e a r ly  a l l  th e  ex p e rim en ts  r e p o r te d  in  t h i s  t h e s i s  th e  

a r t i c u l a r  t i s s u e s  from young p ig s  w ere u se d ; th e  o n ly  e x c e p tio n  

i s  some work on human c a r t i l a g e  d e s c r ib e d  in  C h ap te r • The p ig  

was chosen a s  a  so u rce  o f  m a te r ia l  p a r t l y  because  i t  was r e a d i l y  

o b ta in a b le ,  b u t  m a in ly  b ecau se  p ig s  s u f f e r  from a  v a r i e t y  o f  

a r t h r i t i c  d is e a s e s  w hich a re  s im i la r  to  th e  human c o n d it io n s  

( f o r  rev iew  see  R o b erts  and D oyle, 2 8 5 ). O s t e o a r t h r i t i s  i s  a  

common a f f l i c t i o n  i n  p ig s  and th e  e a r ly  changes i n  c a r t i l a g e  a re  

b io c h e m ic a lly  and h i s t o l o g i c a l l y  s im i la r  to  th o se  in  human d is e a s e  

(2 8 4 ) . p ig s  a l s o  s u f f e r  from  in flam m ato ry  a r t h r i t i s  caused  by 

in f e c t io u s  a g e n ts  such  a s  e r y s ip e l o th r ix  in s id i o s a ,  mycoplasma 

h y o rh in is  and c lo s t r id iu m  p e r f r in g e n s ,  a l l  o f  w hich p roduce e ro s io n  

o f  c a r t i l a g e  w ith  sy n o v ia l p r o l i f e r a t i o n  and pannus fo rm a tio n  (2 8 5 , 

2 8 6 ,2 8 7 ). In  th e  e r y s ip e l o th r ix  i n f e c t io n  a  c h ro n ic  form d ev e lo p s  

where no in f e c t io u s  a g e n t can  be found and th e  h i s t o l o g i c a l  changes 

i n  th e  j o i n t  a re  i d e n t i c a l  w ith  th o se  in  rheum ato id  a r t h r i t i s .

I t  was f e l t ,  t h e r e f o r e ,  t h a t  an u n d e rs ta n d in g  o f  th e  mechanisms 

o f  breakdown in  th e  p ig  c a r t i l a ^  m igh t h e lp  u n ra v e l th e  p ro c e s s  in  

human a r t h r i t i s ,

I  MATERIALS

( a )  C u ltu re  Medium

The t i s s u e s  were grown in  a  c h e m ic a lly  d e f in e d  medium w ith  th e  

a d d i t io n  o f  15% serum . Two c h e m ic a lly  d e f in e d  m edia were u se d .

Some o f  th e  e a r l y  ex p erim en ts  were made w ith  th e  c h e m ic a lly  d e f in e d  

medium BGJ^ (288) supp lem en ted  w ith  5 mg % sodium a c e ta t e  and 15 mg
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% a s c o rb ic  a c id  (2 8 9 ) . S im ila r  r e s u l t s  were o b ta in e d  w ith  D ulbecco*s
/

m o d if ic a t io n  o f  E a g le ’s  medium (290) supplem ented  w ith  12 mg % 

a s c o rb ic  a c id  and t h i s  medium was u sed  in  m ost o f  th e  w ork. B oth 

m edia have a  b ic a rb o n a te  b u f f e r .

I n  ex p erim en ts  w ith  p ig  le u c o c y te s  15% norm al p ig  serum  (EPS) 

was added to  th e  c h e m ic a lly  d e f in e d  medium. The serum w hich was 

o b ta in e d  from th e  l o c a l  s l a u ^ t e r h o u s e ,  was h e a t  in a c t iv a te d  ( 56^ 

f o r  50 m ins) and f i l t e r e d  (0 ,2 2  p n  M il l ip o re  f i l t e r )  b e fo re  u s e .

In  a l l  o th e r  ex p erim en ts  15% h e a t  in a c t iv a te d  norm al r a b b i t  serum 

(NRS) was u s e d . T h is  was o b ta in e d  m onth ly  from  a  p o o l o f  norm al 

r a b b i t s  k e p t in  th e  D epartm en t,

D uring  p r e p a ra t io n  th e  t i s s u e s  were p la c e d  i n  h o ld in g  medium 

c o n s is t in g  o f  e i t h e r  BGJ^ o r  IMEM w ith  o n ly  50 mg % sodium 

b ic a rb o n a te  and a  t e n - f o l d  in c re a s e  i n  a n t i b i o t i c s .  The red u ced  

b ic a rb o n a te  c o n c e n tra t io n  gave a  pH o f  7 ,4  a t  a tm o sp h eric  concen­

t r a t i o n s  o f  carbon  d io x id e ,

(b )  T is su e s

P ig  t i s s u e s  The f o r e  t r o t t e r s  o f  young p ig s  were u se d  a s  a  so u rce  

o f  norm al a r t i c u l a r  t i s s u e  f o r  m ost o f  th e  e x p e rim e n ts . These 

a n im a ls , which were 6 to  9 m onths o ld  and w eighed betw een 100 and 

150 kg , were b e in g  r o u t i n e ly  k i l l e d  f o r  human consum ption . The 

t r o t t e r s  were removed b e fo re  th e  c a rc a s s e s  were s c a ld e d .  They 

were th e n  t r a n s f e r r e d  to  th e  la b o ra to r y ,  scrubbed  i n  warm ta p  w a te r , 

and e i t h e r  d is s e c te d  im m ed ia te ly  o r  s to r e d  a t  + 4° f o r  up to  2 h o u rs  

b e fo re  d i s s e c t io n ,  p r i o r  to  d i s s e c t io n  th e  t r o t t e r s  were im mersed 

i n  70% e th a n o l f o r  5 m in u te s .

The t h i r d  and f o u r th  m e ta c a rp o -p h a la n g e a l j o i n t s  were opened 

by a  d o r s a l  ap p roach  ( p ig .  1 ) .  70% e th a n o l and a  p o t o f  b o i l i n g



I i g . 1

g
1 . ^

a) Pig trotter after washing and soaking in 7(* ethanol.
b) Dissected trotter: Dorsal aspect of the joint capsule with the 
underlying synovium has been removed from the 3rd and 4th 
metacarpo-phalangeal joints. A strip of cartilage has been removed 
from each joint; a dark strip ( M ) is the underlying marrow which 
has not been included in the explant.

Fig.  2

T e s t

E x p l a n t

C o n t r o l

E x p i e n t

i K  J! i  4 1

Diagram of culture system. Test and control explant are resting 
on a stainless steel grid in the culture vessel. Paired expiants 
incubated in the same Petri dish.



54

w a te r  w e re  u s e d  t o  k e e p  t h e  i n s t r u m e n t s  s t e r i l e  d u r i n g  th e  d i s s e c t i o n .  

The o v e r l y i n g  s k i n  w as r e f l e c t e d  a n d  t h e  e x t e n s o r  te n d o n s  re m o v e d .

T h i s  e x p o s e d  t h e  j o i n t  c a p s u le s  o f  t h e  m e ta c a r p o - p h a la n g e a l  j o i n t s .

Synovium  A f t e r  t h e  m e t a c a r p o - p h a l a n g e a l  j o i n t s  h a d  b e e n  e x p o s e d ,  

a s  much a s  p o s s i b l e  o f  t h e  j o i n t  c a p s u le  was d i s s e c t e d  o f f  w i th  i t s  

u n d e r l y i n g  s y n o v i a l  t i s s u e .  T h e se  s h e e t s  o f  t i s s u e  w e re  p l a c e d  i n  

h o l d i n g  m edium  on  a  s t e r i l e  Maximow s l i d e  i n  a  P e t r i  d i s h .  T he 

d i s h e s  w e re  c o l l e c t e d  a n d  s t o r e d  f o r  u p  t o  1 h o u r  a t  room  t e m p e r a t u r e .  

The s y n o v i a l  t i s s u e  w as d i s s e c t e d  fro m  t h e  s h e e t s  b y  c u t t i n g  o f f  t h e  

v i l l i  a n d  some s u b s y n o v ia l  t i s s u e  w i th  f i n e  c u rv e d  i r r i d e c t o m y  s c i s s o r s .  

I t  ivas im p o s s i b l e  t o  c u t  e q u i v a l e n t  e x p l a n t s  fro m  i n t a c t  s y n o v i a l  

m em brane; t h e r e f o r e  t h e  s y n o v i a l  t i s s u e  w as f u r t h e r  c u t  u p  w i th  

s c i s s o r s  i n t o  a  f i n e  m in c e .  The m in ce  fro m  s e v e r a l  j o i n t s  w as p o o le d ,  

c e n t r i f u g e d  a t  2 ,0 0 0  g  f o r  10 m i n u te s ,  r e s u s p e n d e d  i n  h o l d i n g  m edium  

a n d  c e n t r i f u g e d  a g a i n .  T h is  f i n a l  t i s s u e  w as s t i r r e d  a n d  v o lu m e s  

o f  0 ,025  m l w e re  u s e d  a s  e x p l a n t s  o f  s y n o v ia l  t i s s u e .  T hey  w e re  a  

c h a o t i c  m ass o f  s y n o v i a l  i n t i m a ,  su b  s y n o v i a l  f i b r o u s  t i s s u e  an d  b lo o d  

v e s s e l s .

C a r t i l a g e  The y o u n g  p i g s  fro m  w h ic h  t h e  m a t e r i a l  w as o b t a i n e d  w e re  

s t i l l  g ro w in g  a c t i v e l y ,  so  t h a t  t h e  s t r u c t u r e  o f  t h e  a r t i c u l a r  

c a r t i l a g e  d i f f e r s  i n  some r e s p e c t s  fro m  t h a t  o f  t h e  a d u l t .  I t  i s  

d i f f e r e n t i a t e d  i n t o  t h r e e  z o n e s  w h ic h  m erg e  w i th  on e  a n o t h e r ;

( 1 )  a  t h i n  l a y e r  o f  f i b r o - c a r t i l a g e  a t  t h e  a r t i c u l a r  s u r f a c e ;

( 2 )  a  m id d le  z o n e  o f  ro u n d e d  c e l l s  e i t h e r  i s o l a t e d  o r  i n  s m a l l  g r o u p s ;

( 3 )  a  zo n e  i n  w h ic h  t h e  c e l l s  a r e  a r r a n g e d  i n  co lu m n s  i n  w h ich  t h e  

u p p e r  c e l l s  a r e  p r o l i f e r a t i n g  a n d  t h e  d e e p e r  c e l l s  h a v e  becom e h y p e iv  

t r o p h i c .  The m a t r i x  o f  t h e  h y p e r t r o p h i c  r e g io n  i s  c a l c i f i e d  a n d  i s  

b e i n g  in v a d e d  b y  f i n g e r - l i k e  p r o c e s s e s  o f  m arro w ; e n d o c h o n d ra l  b o n e
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i s  b e in g  d e p o s ite d  on th e  s u r fa c e  o f  th e  e roded  c a r t i l a g e .  The 

•tidem ark* which d e f in e s  th e  boundary  betw een th e  c a l c i f i e d  and 

u n c a l c i f i e d  m a tr ix  i n  th e  a d u l t  can n o t be d is t in g u is h e d ,  p ro b a b ly  

b ecau se  th e  m a tr ix  i s  removed by th e  in v a d in g  marrow soon a f t e r  

c a l c i f i c a t i o n ,

A s t r i p  o f  c a r t i l a g e  ab o u t one c e n tim e tre  lo n g  was c u t from 

th e  m e ta c a rp a l o f  th e  t h i r d  and f o u r th  m e ta c a rp o -p h a la n g e a l j o i n t s  

(F ig ,  1 ) ,  Care was ta k e n  to  a v o id  th e  u n d e r ly in g  marrow b u t  to  

c u t a s  d e e p ly  a s  p o s s ib le .  By t h i s  p ro ced u re  a l l  th r e e  zones o f  

ch o n d ro cy tes  were p r e s e n t  i n  m ost o f  th e  c a r t i l a g e  s t r i p s ,  Bach

s t r i p  o f  c a r t i l a g e  was trim m ed a t  b o th  ends and d iv id e d  in to  two

/e q u a l p o r t io n s .  B ecause th e  p ig s  were r a t h e r  h e te ro g e n o u s  and th e  \ &■
A

th ic lo ie s s  o f  th e  c a r t i l a g e  v a r ie d  w id e ly  in  d i f f e r e n t  an im als  th e  

two frag m en ts  from  each  s t r i p  se rv e d  a s  p a i r e d  t e s t  and c o n t ro l  

e x p la n ts .

B lood v e s s e ls  I n  some ex p erim en ts  e x p la n ts  o f  f i n e l y  d iv id e d  b lo o d  

v e s s e l s  were u se d . The v e s s e l s  w ere d is s e c te d  from  th e  subcu taneous 

t i s s u e  on th e  d o r s a l  a s p e c t  o f  th e  t r o t t e r s .  They w ere c o l le c te d  

in  h o ld in g  medium, m inced and t r e a t e d  i n  th e  same way a s  th e  

synovium .

F ib ro u s  t i s s u e  P ie c e s  o f  f ib r o u s  t i s s u e  from  th e  i n s e r t i o n  o f  th e  

e x te n s o r  tendons in  th e  t r o t t e r s  were removed and c u t  up and t r e a t e d  

i n  th e  same way a s  th e  s y n o v ia l t i s s u e .

M ononuclear le u c o c y te s  (1 )  P e r ip h e r a l  b lo o d  le u c o c y te s  P e r ip h e r a l  

b lo o d  was removed a s e p t i c a l l y  from  th e  ju g u la r  v e in  o f  norm al p ig s .  

H ep arin  was added a s  an a n t i - c o a g u la n t .  The b lo o d  was la y e re d  on to  

F ico ll/H y p aq u e  w ith  s p e c i f i c  g r a v i ty  o f  1,075 (291) and c e n tr i fu g e d



56

a t  900 g  f o r  20 m in u te s . The m ononuclear c e l l s  a t  th e  p la sm a -F ic o ll  

i n t e r f a c e  were rem oved, washed in  5 volum es o f  p h o s p h a te -b u ffe re d  

s a l in e  (PBS) and c e n t r i f u g e d  a t  200 g  f o r  10 m in u te s . The c e l l s  

w ere r e  suspended in  PBS, c e n t r i f u g e d  and r e  suspended in  a  known 

volume o f  h o ld in g  medium. They w ere coun ted  on a  E eubauer s l i d e  

w ith  phase  c o n t r a s t  l i ^ t ,  c e n t r i f u g e d  and re su sp en d ed  in  a  s u i t a b le  

volume o f  medium to  g iv e  a  w ork ing  c o n c e n tra t io n  o f  5 x  10^ c e l l s  

p e r  0 .0 5  ml medium.

( 2) lymph g lan d  le u c o c y te s  L eucocy tes from m e se n te r ic  lymph g la n d s  

o f  6-8  week o ld  norm al p ig s  were d is s e c te d  o u t ,  i n j e c te d  w ith  1-2  ml 

o f  PBS and th e n  c u t open . The r e le a s e d  c e l l s  from  s e v e ra l  lymph 

g la n d s  were c o l le c te d  and p o o le d . They were th e n  c e n tr i fu g e d  a t  

200 g  f o r  10 m in u te s , r e  suspended  i n  PBS, c e n t r i f u g e d ,  and re su sp en d ed  

in  h o ld in g  medium. The c e l l s  w ere counted  and th e  volume a d ju s te d  

to  a  c e l l  c o n c e n tra t io n  o f  5 x  10^ c e l l s  p e r  O.O5 ml medium.

Human a r t i c u l a r  c a r t i l a g e  Fem oral heads were o b ta in e d  from  s u r g ic a l  

j o i n t  re p la c e m e n ts  f o r  f r a c tu r e d  neck  o f  fem ur. The c a r t i l a g e  was 

o ld  (ag e  ra n g e  68- 87) and th e r e  w ere o f te n  l o c a l i s e d  a re a s  o f  

d e g e n e ra tiv e  a r t h r i t i s .  Sam ples were ta k e n  from  m a c ro sc o p ic a lly  

i n t a c t  a r e a s  o f  c a r t i l a g e ,  w hich were l a t e r  checked by h i s t o l o g i c a l  

ex am in a tio n . S t r i p s  o f  c a r t i l a g e  were removed w ith  a  s c a lp e l ,  c a re  

b e in g  ta k e n  to  a v o id  th e  u n d e r ly in g  c a l c i f i e d  t i s s u e .  B ig h t s t r i p s  

o f  c a r t i l a g e  were removed from  each  j o i n t  w hich p ro v id ed  e ig h t  p a i r s  

o f  e x p la n ts  f o r  c u l tu r e ;  each  s t r i p  was d iv id e d  in to  th r e e  e q u a l 

p o r t io n s ;  two f o r  c u l tu r e  and one f ix e d  im m ed ia te ly  f o r  h is to lo g y .



57

I I  METHODS

( a )  T i s s u e  C u l tu r e  T e c h n iq u e s

O rgan c u l tu r e  v e s s e ls  The o rg an  c u l tu r e  system  i s  a  m o d if ic a t io n  

o f  th e  w atch  g la s s  m ethod (292) and th e  system  d e v ise d  by T ro w ell 

f o r  l i q u id  m edia (293)*  The te c h n iq u e  now u se d  was d e s c r ib e d  by 

F a in s  t a t  (294)* The c u l tu r e  system  c o n s is t s  o f  two g la s s  c u l tu r e  

v e s s e l s ,  each  w ith  a  t a b le  o f  s t a i n l e s s  s t e e l  g auze , e n c lo se d  in  

a  P e t r i  d is h  c a rp e te d  w ith  f i l t e r  p a p e r  soaked  i n  i s o to n ic  s a l in e  

to  a c t  a s  a  m o is t chamber ( f o r  rev iew  see  F e l l ,  29 5 ). T h is  was 

f u r t h e r  m o d ified  by  th e  a d d i t io n  o f  a  M il l ip o r e  membrane (p o re  

s iz e  8 um) on th e  t a b le  to  a c t  a s  a  s u b s t r a te  f o r  th e  e x p la n te d  

t i s s u e  (2 1 0 ) , The h e ig h t  o f  th e  t a b le  i s  a d ju s te d  so t h a t  1 ,5  ml 

o f  c u l tu r e  medium j u s t  w ets th e  s u r fa c e  o f  th e  g r id .  E x p la n ts  o f  

c a r t i l a g e  a re  p la c e d  e i t h e r  on th e  g r id  o r  on th e  M il l ip o re  membrane 

and , depend ing  on th e  e x p e rim en t, 0,025  ml o f  synovium , b lo o d  v e s s e l ,  

o r  f ib r o u s  t i s s u e  a re  sp re a d  on th e  M il l ip o re  (F ig .  2 ) .  A la y e r  o f  

medium drawn up by s u r fa c e  te n s io n  co v ers  th e  e x p la n ts .  The P e t r i  

d is h e s  a r e  s ta c k e d  i n  a  m o d ifie d  F i ld e s  M acin tosh  j a r ,  g a sse d  w ith  

th e  a p p ro p r ia te  m ix tu re  ( u s u a l ly  5% 00^ , 20% 0 ^ , 75% Hg) and 

in c u b a te d  a t  3&.5°  f o r  th e  p ig  c a r t i l a g e  e x p la n ts  ( p ig  body temp­

e r a tu r e  i s  39 . 5° ) ,  o r  37*5° f o r  th e  human c a r t i l a g e  e x p la n ts .

The c u l tu r e s  a re  exam ined u n d e r  th e  d i s s e c t in g  m icroscope ev e ry  

2 days and th e  c u l tu r e  medium changed a t  t h a t  tim e . The u se d  c u l tu r e  

medium from  4^6 c u l tu r e  v e s s e l s  i s  p o o led  and s to r e d  a t  - 20° f o r  

a n a l y s i s .  At th e  end o f  th e  c u l tu r e  p e r io d  th e  t i s s u e s  a re  e i t h e r  

s to r e d  a t  - 20°  f o r  chem ical a n a ly s i s  o r  f ix e d  f o r  h i s t o l o g i c a l  

e x am in a tio n .
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B o t t le  c u l tu r e s  F o r some ex p erim en ts  synovium was c u l tu r e d  in  

150 ml t i s s u e  c u l tu r e  b o t t l e s .  The m inced sy n o v ia l v i l l i  from 

3 o r  4 j o i n t s  were added to  50 ml o f  se ru m -free  c u l tu r e  medium.

The b o t t l e s  were g assed  w ith  5% GOg and in c u b a te d  a t  3 8 ,5 ° .  The 

medium was d eca n ted  ev e ry  48 h o u rs  and re p la c e d  w ith  f r e s h .  The 

u sed  medium from  th e  6 -8  day c u l tu r e s  was d i l u te d  w ith  an eq u a l 

volume o f  f r e s h  medium. T h is  u se d  medium was th e n  re a d y  f o r  

f u r th e r  o rgan  c u l tu r e  e x p e rim e n ts . C o n tro l medium was g assed  

and in c u b a te d  a t  3 8 .5 °  f o r  48 h o u rs ,  th e n  d i l u te d  w ith  an eq u a l 

volume o f  f r e s h  medium.

Leucocyte c u l tu r e s  (1 ) I n  o rgan  c u l tu r e  v e s s e ls  3 x 10^ le u c o c y te s  

were added to  th e  o rg an  c u l tu r e  d is h  in  1 ,5  ml medium c o n ta in in g  

15% norm al p ig  serum ( h p s ) .  A ffro n te d  e x p la n ts  o f  c a r t i l a g e  and 

synovium i-rere c u l tu r e d  on th e  g r id .  The v e s s e ls  were e n c lo se d  in  

a  P e t r i  d is h  and in c u b a te d  a t  3 8 .5 °  f o r  8 d ay s . The medium was 

changed ev e ry  48 h o u rs  and in e v i t a b l y  many o f  th e  le u c o c y te s  were 

l o s t .  At th e  end o f  th e  c u l tu r e  p e r io d  th e  e x p la n ts  w ere removed 

f o r  h i s t o l o g i c a l  ex am in a tio n  and th e  u sed  medium c o l le c te d  f o r  

p ro te o g ly c a n  a n a l y s i s .  The f l o o r  o f  th e  c u l tu r e  d is h  was exam ined 

f o r  th e  p re se n c e  o f  c e l l s  by  f i x i n g  w ith  m ethanol f o r  5 m inu tes  and 

s t a i n in g  w ith  d i l u t e  T o lu id in e  b lu e  o r  C a ra z z i’ s h aem a to x y lin ,

( 2 ) In  t i s s u e  c u l tu r e  b o t t l e s  In  some ex p erim en ts  a f f r o n te d  e x p la n ts  

o f  c a r t i l a g e  and synovium were c u l tu r e d  in  th e  u sed  medium from  

le u c o c y te  c u l tu r e s .  The medium was p re p a re d  by c u l tu r in g  30 x  10^ 

le u c o c y te s  in  f l a t  bo ttom ed I 5O ml g la s s  t i s s u e  c u l tu r e  b o t t l e s  

c o n ta in in g  30 ml medium w ith  15?"̂ EPS; th e  medium was g assed  w ith  

5% COg and in c u b a te d  a t  3 8 ,5 °  f o r  48 h o u rs . At th e  end o f  th e  

c u l tu r e  p e r io d  th e  c e l l s  had form ed a  la y e r  on th e  bo ttom  o f  th e
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"b o ttle  • The s u p e rn a ta n t  was c a r e f u l ly  removed and s to r e d  a t  -2 0 °  

u n t i l  r e q u ir e d  f o r  th e  o rg an  c u l tu r e  e x p e rim e n ts .

K i l l i n g  o f  t i s s u e s  When r e q u i r e d  th e  t i s s u e s  were k i l l e d  "by f r e e z in g  

th e  e x p la n t to  -1 5 °  and th e n  th aw in g . T h is  was re p e a te d  to  en su re  

t h a t  th e  c e l l s  were dead ,

R a d io la h e l l in g  In  some ex p e rim en ts  th e  e x p la n ts  were exposed  to  

s u lp h a te  (Ea^^SO^i R ad io o h em ica ls , Amer sham ), The s u lp h a te  was added 

to  th e  c u l tu r e  medium a t  e i t h e r  1 jnC i/m l o r  10 p C i/m l and th e  t i s s u e s  

c u l tu r e d  f o r  48 h o u rs  o r  2 h o u rs  r e s p e c t iv e ly .  At th e  end o f  t h i s  

tim e th e  e x p la n ts  w ere r in s e d  in  i s o to n ic  p hosphate  "buffered  su lp h a te  

and th e n  s to r e d  a t  - 20° o r  f ix e d  f o r  a u to ra d io g ra p h y  and h i s to l o g ic a l  

ex am in a tio n .

E xposure o f  le u c o c y te s  to  p h y to h a em ag g lu tin in  (phA) The le u c o c y te s  

were exposed to  PHA in  two ways; (a )  "by ad d in g  0 ,2 5  ml PHA/10 ml 

medium (C rude , W ellcome) to  th e  medium in  th e  o rgan  c u l tu r e  d is h  

f o r  th e  f i r s t  48 h o u rs ,  o r  (h ) "by p r e - in c u h a t in g  th e  c e l l s  w ith  

0 ,2 5  ml PHA/10 ml medium f o r  2 h o u rs  b e fo re  c u l tu r e .  The c e l l s  

were p re - in c u b a te d  w ith  PHA i n  h o ld in g  medium c o n ta in in g  15% EPS 

and a f t e r  th e  2 h o u rs  th e y  w ere w ashed x  2 i n  h o ld in g  medium.

E xposure o f  le u c o c y te s  to  c a rb o n y l i r o n  The su sp e n sio n  o f  m ononuclear 

le u c o c y te s  was d e p le te d  o f  m onocytes by t r e a t i n g  th e  c e l l s  w ith  

ca rb o n y l i r o n ,  150 mg c a rb o n y l i r o n  was added to  10 ml c e l l  

su sp e n s io n  in  a  "U niversal c o n ta in e r .  The b o t t l e  was r o t a t e d  f o r  

50 m in u tes  a t  57°, H o ld ing  medium c o n ta in in g  15% EPS was u sed  f o r  

th e  in c u b a t io n .  The i r o n  was removed by  r o t a t i n g  th e  b o t t l e  t h r o u ^  

a  h o rse -sh o e  m agnet. The s u p e rn a ta n t  f l u i d  was rem oved, c e n tr i fu g e d  

a t  200 g  and th e  c e l l s  washed x  2 w ith  h o ld in g  medium.
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(b ) H is to lo g ic a l  T echn iques

F ix a t io n  E x p la n ts  n o t  r e q u ir e d  f o r  a u to ra d io g ra p h y  w ere f ix e d  in  

Zenlcer* s  s o lu t io n  (296) c o n ta in in g  4% a c e t i c  a c id  f o r  1 h o u r and 

th e n  Zenlcer' s s o lu t io n  f o r  a  f u r t h e r  2 h o u rs . The t i s s u e  was 

th e n  washed f o r  5 h o u rs  w ith  ta p  w a te r  and s to r e d  o v e rn ig h t in  

70% e th a n o l .  I t  was s ta in e d  i n  b u lk  w ith  e o s in  (0.05% in  95% e th a n o l)  

to  f a c i l i t a t e  o r i e n t a t i o n  o f  th e  b lo c k  d u r in g  s e c t io n  c u t t in g ,  

d eh y d ra ted  w ith  e th a n o l ,  c le a r e d  i n  cedarwood o i l  and  embedded 

i n  p a r a f f i n  wax (2 9 6 ) .

Zenker* s f l u i d  was found  to  be u n s u i ta b le  f o r  sam ples r e q u ir e d  

f o r  a u to ra d io g ra p h y  and th e s e  w ere f ix e d  i n  a c e t i c  a c id  and e th a n o l 

(1 ;3 )  f o r  50 m in u tes  and th e n  fo rm o l s a l in e  (2 1 5 ) . The sam ples d id  

n o t  r e q u i r e  w ashing  i n  ta p  w a te r  and were d e h y d ra te d , c le a r e d  in  

cedarwood o i l  and embedded in  p a r a f f i n  wax.

S e c tio n  c u t t in g  The wax b lo c k s  were c u t on a  Cambridge R ocker m icro­

tome and s e r i a l  s e c t io n s  o f  6 jam w ere o b ta in e d . T hree h i s t o l o g i c a l  

s l i d e s  w ere p re p a re d  from  th e  m idd le  t h i r d  o f  each  e x p la n t  and a t  

l e a s t  te n  s e r i a l  s e c t io n s  were m ounted on each  s l i d e .

S ta in in g  T o lu id in e  b lu e  One s l i d e  o f  each  e x p la n t  was s ta in e d  w ith  

0,5% to lu id in e  b lu e  in  5% e th a n o l .  T h is  c a t io n ic  dye h a s  m e tach ro m atic  

p r o p e r t i e s  and s t a i n s  c a r t i l a g e  p ro te o g ly c a n  p u rp le .  C e l lu la r  baso ­

p h i l i c  m a te r ia l  s t a i n s  b lu e ,

C e le s t in e  b lu e ,  G a ra z z i’ s h aem ato x y lin  and van  G ieso n ’.s s t a i n  ( a b b re v ia te d  

to  van  G ieson) T h is  sequence o f  dyes s t a i n s  c o l la g e n  r e d  and b a s o p h i l ic  

m a te r ia l  brow n. I t  g iv e s  good v i s u a l i s a t i o n  o f  th e  c e l l s  a s  w e ll a s  

id e n t i f y i n g  th e  c o l la g e n . I n  some sam ples o f  c a r t i l a g e  th e  a re a  

around  th e  ch o n d ro cy tes  in  th e  d e e p e r  zone s ta in e d  v e ry  p o o r ly  w ith  

van  G ieson , These a r e a s  a l s o  s ta in e d  in te n s e ly  w ith  t o lu id in e  b lu e .
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I t  was n o t  c l e a r  w hether th e  c o l la g e n  c o n te n t around th e  deep chon­

d ro c y te s  was l e s s  th a n  i n  th e  o th e r  zones o r  i f  th e  p ro te o g ly c a n  

masked th e  s t a i n in g  by  th e  van  G ieson , T h is  was exam ined by  ta k in g  

s e v e r a l  p a i r s  o f  c a r t i l a g e  e x p la n ts  and d ig e s t in g  one h a l f  w ith  

t i y p s i n  ( 0 , 25% f o r  1 h o u r  a t  5 5 ° ) ,  w hich removes th e  p ro te o g ly c a n  

b u t n o t  th e  c o lla g e n  (2 0 9 ) ,  B oth  h a lv e s  were f ix e d  and s e c t io n s  

s ta in e d  w ith  t o lu id in e  b lu e  and van  G ieson , I n  th e  t r y p s in i s e d  

h a l f  th e  m e tach ro m atic  s t a i n in g  was l o s t  and th e  van G ieson s ta in e d  

u n ifo rm ly  o v e r th e  \d io le  m a tr ix .  T h is  r e s u l t  su g g e s te d  t h a t  th e  

p ro te o g ly c a n  masks th e  s t a i n in g  o f  c o l la g e n  by  van  G ieson , I n  

th e  a n a ly s i s  o f  th e  o rgan  c u l tu r e  e x p e rim e n ts , c o l la g e n  d e g ra d a tio n , 

a s  judged  by th e  van G ieson s t a i n in g ,  was o n ly  c o n s id e re d  i f  th e re  

was a l s o  lo s s  o f  p ro te o g ly c a n ,

C a ra z z i’ s h aem ato x y lin  and chrom otrope T h is  s t a i n  was u sed  o c c a s io n ­

a l l y  becau se  i t  gave good c e l l u l a r  d e t a i l .

A u to rad io g rap h y  \'Jhen a u to ra d io g ra p h s  were r e q u ir e d  s e c t io n s  o f  

p a i r e d  e x p la n ts  were mounted on th e  same h i s t o l o g i c a l  s l i d e .  T h is  

was to  m in im ise  e r r o r s  due to  v a r i a t i o n  in  th e  th ic k n e s s  o f  em ulsion  

on d i f f e r e n t  s l i d e s ,  A l i q u i d  n u c le a r  em u lsion  was u se d  (K5, I l f o r d ) ,  

T h is  was warmed to  40°, d i l u te d  by  one t h i r d  w ith  d i s t i l l e d  w a te r 

and th e  s l i d e s  f o r  h is to lo g y  were d ipped  in to  th e  em u ls io n . They 

were d r ie d  f l a t  w ith  th e  a id  o f  an e l e c t r i c  fa n  and exposed  f o r  one 

week a t  4 ° .

The f i lm  was dev e lo p ed  w ith  phen X ( l l f o r d )  f o r  10 m in u tes  an d  

f ix e d  w ith  Hypam ( l l f o r d )  f o r  5 m in u te s . The a u to ra d io g ra p h s  were 

c o u n te r s ta in e d  w ith  e i t h e r  to lu id in e  b lu e  o r  c a r a z z i ’ s h aem ato x y lin  

o r  l e f t  u n s ta in e d .
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(c )  B iochem ica l T echniques

A lc ia n  b lu e  a s s a y  f o r  p ro te o g ly c a n  A lc ia n  b lu e  (g* G urr and C o .) 

i s  a  c a t io n ic  dye t h a t  w i l l  b in d  to  g lyoosam inog lycans ( 297)* 

■\*Jhiteman ( 298) d ev eloped  a  q u a n t i t a t iv e  te ch n iq u e  f o r  m easu rin g  

g lycosam inog lycans i n  f l u i d s  w hich was m o d ified  by D ing le  and co­

w orkers (2 0 7 ) . I n s o lu b le  a l c i a n  b lu e -g ly co sam in o g ly can  com plexes 

a r e  form ed. The p r e c i p i t a t e d  m a te r ia l  i s  c o l le c te d ,  washed and 

r e d is s o lv e d  i n  2?/o sodium d o decy l s u lp h a te .  The i n t e n s i t y  o f  

c o lo u r  o f  th e  r e s u l t i n g  b lu e  s o lu t io n  i s  re a d  on a  s p e c tro p h o to ­

m e te r  a t  720 nm and i s  p r o p o r t io n a l  to  th e  c o n c e n tra t io n  o f  

g ly c 0sam inoglycan  p r e s e n t ,  C h o n d ro itin  s u lp h a te  ( s h a r k 's  f i n ;

Koch L i ^ t )  was u se d  a s  a  s ta n d a rd  w hich gave a  l i n e a r  curve up 

to  100 jag/m l and th e  p ro te o g ly c a n  e x p re sse d  a s  mg c h o n d ro it in  

s u lp h a te ,

I t  was found th a t  medium from  c u l tu r e s  o f  synovium in t e r f e r e d  

w ith  th e  a l c i a n  b lu e  a s s a y .  T h is  in t e r f e r e n c e  was overcome by 

p r e t r e a t i n g  th e  u se d  c u l tu r e  medium w ith  1% tr j^ p s in  (C rude, D ifco ) 

f o r  10 m inu tes  a t  room te m p e ra tu re .  T h is  i n t e r a c t i o n  o f  s y n o v ia l 

medium w ith  g ly  co sam inogly  cans i s  co n s id e re d  in  d e t a i l  i n  th e  

A ppendix,

H ydroxypro line  a s sa y  H y d ro x y p ro lin e  i s  a ssay ed  a s  a  m easure o f  

c o l la g e n  s in c e  t h i s  amino a c id  o c c u rs  p red o m in an tly  i n  c o l la g e n .

I t  i s  m easured a f t e r  h y d ro ly s is  w ith  6 M h y d ro c h lo r ic  a c id  fo r  

16 h o u rs  a t  106°, The hydroxypro  l i n e  i s  o x id is e d  w ith  ch lo ram ine 

T (BDH) and th e n  exposed  to  paraam inobenzaldehyde to  g iv e  a  

co lo u re d  p ro d u c t (299 , 5 0 0 ). p u r i f i e d  h y d ro x y p ro lin e  (BDH) was 

u sed  a s  a  s ta n d a rd  and r e s u l t s  a r e  e x p re sse d  a s  u g  hydroxypro  l i n e .
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G o lla g e n o ly tic  a c t i v i t y  C o lla g e n o ly t lc  a c t i v i t y  was m easured by

th e  b re a k d o m  o f  r e c o n s t i t u t e d  c o lla g e n  f i b r i l s  ( 501 , 70 ) ,  p u r i f i e d

14r a t  s k in  c o l la g e n  l a b e l l e d  i n  v iv o  w ith  0-g ly c in e  was u sed  a s

s u b s t r a te  ( g i f t  from  D r, J .T ,  D in g le ) ,  c l o s t r i d i a l  c o lla g e n a se

a s  a  s ta n d a rd  (W orth in g to n ) and t r y p s in  (D ifc o ) a s  a  c o n t ro l ,

14R e lea se  o f  C -g ly c in e  from  th e  f i b r i l s  a f t e r  16 h o u rs ' In c u b a t io n

a t  55° was coun ted  on a  T r ic a rb  ^  c o u n te r .  The r e s u l t s  were

e x p re s se d  a s  u n i t s  o f  b a c t e r i a l  c d la g e n a se . The sam ples were

p r e t r e a te d  w ith  p o ta ss iu m  th io c y a n a te  ( f i n a l  c o n c e n tra t io n  o f  5 M)

14to  d i s s o c ia te  enzyme i n h i b i t o r  com plexes (5 0 2 ) . R e lease  o f  C-

g ly o in e  was l i n e a r  to  0 ,5  u n i t s  o f  s ta n d a rd  c o l la g e n a s e ,

55 5580^ in c o rp o ra t io n  T is s u e s  f o r  a s s a y  o f  th e  in c o rp o ra t io n  o f  SO^

w ere iv e i^ e d  w et and  th e n  t r e a t e d  w ith  p a p a in  (10  ju l  x  2 r e c r y s t a l l i s e d ;

Sigma) in  2 ml p h o sp h a te  b u f f e r  a t  65°  f o r  5-4  h o u rs  u n t i l  d ig e s te d

( 207)# 50 ju l o f  lO^é c e ty l  p y x id in iu m  c h lo r id e  ’t-jas added to  0 ,5  ml

o f  th e  d ig e s t  to  p r e c i p i t a t e  p o ly a n io n s  (5 0 5 ) . A f te r  50 m in u tes

th e  sam ples were c e n t r i f u g e d  a t  10,000  g  f o r  5 m in u te s , 250 ja l

fo rm ic  a c id  was added to  th e  p e l l e t  and h e a te d  to  70° f o r  10 m in u te s ,

100 ;u l  a l iq u o t s  o f  th e  s u p e rn a ta n t  were s im i la r ly  t r e a t e d  w ith  fo rm ic

a c id ,  100 jx l  s a n p le s  o f  th e  fo rm ic  a c id  s o lu t io n  were added to  2 ,6  ml

o f  s c i n t i l l a t i o n  f l u i d  ( I 50 ml 2 e th o x y e th a n o l, 175 ml to lu e n e  and

2 ,6  g PPO) and coun ted  on a  T r ic a rb  p  c o u n te r .  The co u n ts  from  th e

55p e l l e t  g iv e  an in d i c a t io n  o f  th e  in c o rp o ra t io n  o f  SO^ in to  p o ly ­

a n io n s  and were e x p re s se d  a s  t o t a l  co u n ts  p e r  m inu te p e r  e x p la n t ,  

c o u n ts  p e r  m inu te  p e r  mg w et w e i ^ t ,  o r  cou n ts  p e r  m inute p e r  mg 

p r o te i n  (a ssa y e d  by Lowry, 5 0 4 ).
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CHAPTER 4
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EFFECT OF SYNOVIAL TISSUE ON THE BREAKDOWN

OF ARTICULAR CARTILAGE

I  OBJECT OF EXPERIMENTS

The f i r s t  group o f  ex p e rim en ts  was made to  i n v e s t ig a t e  th e  

a b i l i t y  o f  sy n o v ia l t i s s u e  to  degrade c a r t i l a g e .

I I  RESULTS

(a )  I s o l a t e d  E x p ia n ts  o f  Synovium and C a r t i la g e

Synovium S e c tio n s  o f  l i v in g  sy n o v ia l mince f ix e d  im m ed ia te ly  a f t e r  

e x p la n ta t io n  on th e  M il l ip o r e  (d ay  0) showed f a i r l y  dense f ib ro u s  

t i s s u e ,  th e  t i p s  o f  v i l l i ,  and s c ra p s  o f  th e  sy n o v ia l in t im a , 

a d ip o se  t i s s u e  and sm all b lo o d  v e s s e ls  jum bled to g e th e r  in  a  

c h a o t ic  m ass.

D uring  c u l t i v a t io n  th e  p a r t i c l e s  o f  th e  mince fu se d  to  form 

a  s o l id  lump o f  c o n n ec tiv e  t i s s u e  which became in c r e a s in g ly  f l a t t e n e d .  

When h i s t o l o g i c a l l y  exam ined a f t e r  14 days* grow th (21 specim ens) 

th e  e x p la n ts  were more c e l l u l a r  w ith  l e s s  c o l la g e n .  U su a lly  th e re  

was a  f a i r l y  p ro fu s e  ou tg row th  in to  th e  u n d e r ly in g  M il l ip o r e .  

B io ch em ical a n a ly s i s  o f  th e  u se d  medium showed th a t  a  sm a ll 

q u a n t i ty  o f  p ro te o g ly c a n  had  been  r e le a s e d  (F ig .  5a)*

C a r t i la g e  Fragm ents o f  l i v i n g  c a r t i l a g e  p la c e d  on th e  M il l ip o re  w ith  

th e  a r t i c u l a r  s u r fa c e  upw ards underw ent l i t t l e  change d u r in g  14 days* 

c u l t i v a t io n  (T ab le  1 , F ig .  4) • A narrow  zone o f  m a tr ix  im m ed ia te ly  

b en ea th  th e  c u t s u r f a c e s  o f te n  became d e p le te d  o f  m etach rom atic  

m a te r ia l  and th e  g e n e ra l s t a i n in g  o f  th e  m a tr ix  t h r o u ^ o u t  th e



E x p la n ts
Number

o f
E x p la n ts

Loss o f  P ro te o g ly c a n  
(T o lu id in e  b lu e )

-H- +  ^
•FT TT TT T  “  0

Loss o f  C o llag en  
(v an  G ieson)

TT T ^  
•FT -FT TT T ~ 0

I I s o la t e d
c a r t i l a g e

L iv in g 57 1 2 0  1 6 1 56

Dead 2 4 4  7  1 5 2 4

I I c a r t i l a g e  in  
c o n ta c t  w ith  
l i v i n g  synovium

L iv in g 5 6 21 11 4 4  11 16  4

Dead 15 1 4  1 1 5 5 1 7

I I I C a r t i la g e  in  
c o n ta c t  w ith  
dead synovium

L iv in g 7 5 2 7

Dead 11 1 5  7 11

IV C a r t i la g e  
s e p a ra te d  
from  l i v in g  
synovium

L iv in g 59 4  7 2 2  4  2 2 18  1 4  5 2

Dead 1 6 6  1 0 1 6

TABIE 1

EFFECT OP SYNOVIUM ON BREAKDOWN OF LIVING AND

DEAD CARTILAGE: ANALYSIS OF HISTOLOGY



LEGEND TO TABLE 1

The d eg ree  o f  d e p le t io n  o f  th e  p ro te o g ly c a n  and c o lla g e n  

o f  th e  m a tr ix ,  a s  shown by t h e i r  s t a i n in g  r e a c t io n s ,  i s  ex p re sse d  

by th e  + s ig n s .

TT
p ro te o g ly c a n  ++ = t o t a l  o r  n e a r ly  com plete absence  o f  

m etach rom asia ;

-  = s l i g h t  e f f e c t ;

0 = no e f f e c t .

++
C o llagen  -h -  -  com plete  o r  n e a r ly  com plete d isa p p e a ra n c e  

o f  a l l  i n t e r c e l l u l a r  m a te r ia l ;

i  = s l i g h t  d e g ra d a tio n ;

0 = no e f f e c t .

In te rm e d ia te  changes in  b o th  components a re  re p re s e n te d  by;

T+ +T and T .

The number o f  e x p ia n ts  in  each  group i s  shown.

In  th e  Legends to  th e  p h o to g rap h s , each  specim en i l l u s t r a t e d  

i s  g raded  a c c o rd in g  to  th e  above s c a le .



F i g .  3

a

200

E 100

2 4 6
days in culture

8 10 12 14

200

CDÛ.

10 12 145 82 4
days in culture

3 0 0

I  200

100

days in culture

3 0 0

e’ 200

100

days in culture

200

■H 100

days in culture

3 0 0

^  100

days in culture

C um ulative r e l e a s e  o f p ro te o g ly c a n  (PG) from  c a r t i l a g e  and synovium 
in  o rgan  c u l tu r e .  Each g ro u p  i s  th e  mean o f 4  o r  6 e x p ia n ts .  P a ire d  
e x p la n ts  a re  in d ic a te d  by open and c lo s e d  c i r c l e s  o r  d iam onds,

a )  I s o la te d  e x p la n ts  o f — X X l i v in g  synovium ,
© ----- ©  l i v in g  c a r t i l a g e ,  Q  Q  dead c a r t i l a g e .

. h )  Com parison o f p a ire d  e x p la n ts  o f l i v in g  c a r t i l a g e  s e p a ra te d  
from  l i v in g  synovium .

c ) 0  l i v i n g  c a r t i l a g e  on l i v in g  synovium , Q  O  dead
c a r t i l a g e  on l i v i n g  synovium , ^ ^  l i v in g  c a r t i l a g e  on dead  
synovium , ^  dead c a r t i l a g e  on dead synovium,

l i v in g  c a r t i l a g e  o v e rla p p ed  by l i v in g  synovium ,
;ad c a r t i l a g e  o v e rla p p ed  by l iv in g  synovium .

dead  c a r t i l a g e  sepa^rated  from  l i v in g  synovium , 
ïo la te d  dead  c a r t i l a g e ,

l i v i n g  c a r t i l a g e  o v e rla p p ed  by l i v in g  synovium ,

d ) 0 — —0

0 — 0

e) # ----- 0
O — 0

f ) 0 ----- ©
o — o



i

a) Isolated cartilage after l4 days* cultivation* matrix intensely 
metachromatic. (grade of depletion: 0 ; see table /. ).Tol. blue
X 15.

b) Seme explant as in (a). ( 0; table I. ). van Gieson. X 1$,

c) Similar explant showing cells emerging from the columns and the 
formation of new cartilage beneath the cut surface; mi: mitosis
( 0; table i. ). Toi. blue. X I90.

d) Same explant as in (c). ( 0 ; table /. ). van Gieson. X I9O.
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e x p ia n t was u s u a l ly  s l i g h t l y  l e s s  in te n s e  th a n  in  c o n t ro ls  f ix e d  

a t  day 0 , e s p e c i a l l y  \dien th e  a r t i c u l a r  c a r t i l a g e  happened to  he 

v e ry  t h in  ( a s  s t a t e d  above i t  v a r ie d  w ide ly  in  th ic k n e s s  in  d i f f e i v  

e n t  t r o t t e r s ) .  C hondrocytes em ig ra te d  from th e  columns o f  

p r o l i f e r a t i v e  c e l l s  in  th e  low er p a r t  o f  th e  e x p la n t ;  some 

in v ad ed  th e  M il l ip o re  and o th e r s  o f te n  form ed a  la y e r  o f  f i b r o -  

b l a s t - l i k e  c e l l s ,  i n  w hich n o d u le s  o f  new c a r t i l a g e  were 

d e v e lo p in g  (p ig .  4 o ,d ) .  In  o n ly  one o f  th e  57 e x p la n ts  in  t h i s  

group was lo s s  o f  c o lla g e n  d e te c te d ;  t h i s  ap p ea red  a s  a  t i n y  

s u b a r t i o u la r  p a tc h  in  w hich th e  m a tr ix  s ta in e d  p a le  p in k  w ith  

van  Gieson* s s t a i n .

The o n ly  v i s i b l e  e f f e c t  o f  in c u b a t in g  dead c a r t i l a g e  in  c u l tu r e  

f o r  14 days (T ab le  1) was some re d u c t io n  in  th e  i n t e n s i t y  o f  m eta­

ch rom asia  t h r o u ^ o u t  th e  m a tr ix .

P ro te o g ly c a n  was r e le a s e d  in to  th e  medium by b o th  l i v in g  and 

dead c a r t i l a g e  ( p ig ,  5&); more was r e le a s e d  by th e  l i v i n g  t i s s u e ,  

p ro b a b ly  b e c a u se , u n l ik e  th e  dead e x p la n t ,  i t  was a c t i v e l y  

s y n th e s is in g  p ro te o g ly c a n  d u r in g  c u l t i v a t io n  ( s e e  C h ap te r 9 ) •

There was no r e le a s e  o f  h y d ro x y p ro lin e  in to  th e  medium,

(b) The C o m p a rab ility  o f  P a ir e d  C a r t i la g e  E x p la n ts

In  each  ex p erim en t th e  e f f e c t  o f  two s e t s  o f  c o n d i t io n s  was 

com pared. The v a r i a b i l i t y  o f  th e  c a r t i l a g e  in  d i f f e r e n t  an im als  

made i t  n e c e s s a ry  to  u se  p a i r e d  e x p la n ts  f o r  t h i s  p u rp o se . The 

r e l i a b i l i t y  o f  t h i s  p ro ced u re  was t e s t e d  in  a  c o n tro l  ex p erim en t; 

c a r t i l a g e  e x p la n ts  were p re p a re d  and th e  members o f  each  p a i r  

w ere p la c e d  in  s e p a ra te  c u l tu r e  d is h e s  w hich a ls o  c o n ta in e d  

sy n o v ia l m ince. A t 2 -day  i n t e r v a l s  th e  u sed  medium from  each  

s e t  o f  d is h e s  was p o o le d  and a ssay ed  f o r  p ro te o g ly c a n ; th e re  was



67

a  good co rrespondence  betw een th e  am ounts r e le a s e d  by p a ire d  

e x p la n ts  ( p ig ,  5b ) ,

(c )  L iv in g  Synovium in  C o n tac t w ith  L iv in g  C a r t i la g e

Two ty p e s  o f  ex p erim en t were made in  which c a r t i l a g e  was 

p laced*  a r t i c u l a r  s u r fa c e  upw ards, in  d i r e c t  c o n ta c t  w ith  l i v i n g  

synovium . I n  one s e t  o f  ex p e rim en ts  th e  c a r t i l a g e  e x p la n t  was 

l a i d  on to p  o f  th e  s y n o v ia l m ince; i n  th e  o th e r  s e t  i t  was p la c e d  

on th e  l^ li l l ip o re  and th e  m ince was th e n  d e p o s ite d  so a s  to  o v e r la p  

one end o f  th e  c a r t i l a g e  frag m e n t. B oth  ty p e s  o f  ex p erim en t gave 

e s s e n t i a l l y  th e  same r e s u l t ,  and a re  th e r e f o r e  in c lu d e d  in  th e  same 

s e c t io n  o f  T ab le 1 ,

T here was no obv ious d i f f e r e n c e  betw een th e  s y n o v ia l m ince grown 

in  i s o l a t i o n  and t h a t  c u l t iv a t e d  in  c o n ta c t  w ith  c a r t i l a g e .

C a r t i la g e  on th e  synovium C o n ta c t w ith  th e  synovium had  a  d i s a s t r o u s  

e f f e c t  on th e  m a tr ix  o f  l i v i n g  c a r t i l a g e  (T ab le  1 ) ,  p i r s t  th e  p ro te o ­

g ly c an  (p ig ,  5a-) and th e n  th e  c o lla g e n  ( p ig ,  5b) b roke down; f i n a l l y  

th e  m a tr ix  d is a p p e a re d  le a v in g  a  compact mass o f  v ia b le ,  o f te n  

a c t iv e l y  d iv id in g  c e l l s  (P ig .  5 c ,& ). Brealcdown p roceeded  a t  

d i f f e r e n t  r a t e s  in  d i f f e r e n t  e x p la n ts  (P ig , 5 b ,c ) .  D eg rad a tio n  o f  

th e  c o lla g e n  was accom panied by consp icuous changes in  t h e  ap pea rance  

o f  th e  ch o n d ro cy te s ; th e s e  c y to lo g ic a l  e f f e c t s  w i l l  be d e s c r ib e d  in  

th e  n e x t  S e c tio n ,

In  one ex p erim en t th e  c a r t i l a g e  was l a i d  on a  v e ry  sm all d e p o s i t  

o f  m ince, b u t even t h i s  sm a ll q u a n t i ty  had a  se v e re  e f f e c t  on th e  

m a tr ix  o f  th e  o v e r ly in g  e x p la n t .

C a r t i la g e  o v e rla p p ed  by synovium H ost o f  th e  ex p e rim en ts  on c a r t i l a g e  

in  c o n ta c t  w ith  s y n o v ia l m ince w ere made w ith  t h i s  sy stem . D e p le tio n  

o f  p ro te o g ly c a n  b ^ a n  on o p p o s ite  s id e s  o f  th e  e x p la n t in  th e  re g io n



I* I g

a) Cartilage explanted on synovial mince, and cultivated for 14 days*.
Apart from a small patch at one end the matrix has lost its
metachromasia ( +-H-+ ; table I. ). Toi. blue. X 10.

b) Same explant as in (a), section stained for collagen; note 
peripheral zone of depletion ( ++ ; table i. ). van Gieson. X 10.

c) similar explant; breakdown of martix complete ( -H-++ ; table |. )
van Gieson. X 10.

d) Marked area in (c) under higher magnification. Note vaible 
fibroblast-like chondrocytes devoid of matrix. X 190.

F i g .  5

a) Dead cartilage after 14 days* incubation on synovium. Complete 
loss of metachromasia ( -h-h- ; table I. ). Toi. blue, X 10.

b) Synoviocytes invading and eroding the dead cartilage . 
van Gieson. X 190.

c) Same section as in (b) showing partial depletion of collagen 
( 4-f ; table ). X 10.
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o f  th e  sy n o v ia l o v e r la p  and sp re a d  to  th e  f r e e  end o f  th e  fragm en t 

(F ig .  7&)* on th e  u p p e r s u r fa c e  brealcdown o f  c o lla g e n  o f te n  began 

u n d er th e  le a d in g  edge o f  th e  sy n o v ia l mince (F ig .  7b) where a  

d e p re s s io n  was form ed; on th e  u n d e r  s u r fa c e  a  t r a c t  o f  deg raded  

m a tr ix  ap p ea red  n e x t to  th e  M il l ip o r e  and ex tended  b o th  upw ards 

tow ards th e  a r e a  o f  breakdow n b e n e a th  th e  le a d in g  edge o f  th e  

synovium and le n g th w ise  tow ards th e  f r e e  end. The c a r t i l a g e  ly in g  

u n d e r th e  m ain mass o f  th e  synovium o f te n  d i s in t e g r a te d  l e s s  r a p id ly  

th a n  t h a t  b e n e a th  th e  le a d in g  edge (F ig .  7 c ) .

I n  t h i s  ty p e  o f  c u l tu r e ,  th e  v a r io u s  s ta g e s  in  th e  d i s s o lu t io n  

o f  th e  c a r t i l a g e  were o f te n  c l e a r l y  seen  as a  g r a d ie n t  o f  e f f e c t  in  

th e  same e x p la n t .  The c e l l s  m ost a f f e c te d  were th o se  o f  th e  c e l l  

columns in  th e  grow ing zo ne . As th e  p ro te o g ly c a n  d is a p p e a re d , th e  

c e l l s  o f  th e  columns became i r r e g u l a r  in  shape , v e ry  b a s o p h i l ic  and 

o f te n  underw ent m i to s is  (F ig ,  8a , b ) ,  The f i r s t  s ig n  th a t  th e  

d e g ra d a tio n  o f  c o l la g e n  had  begun was th e  appearan ce  o f  a  c o lo u r le s s  

h a lo  (F ig ,  8c) around  in d iv id u a l  c e l l s  and groups o f  c e l l s  i n  p rep ­

a r a t io n s  s ta in e d  w ith  van G ieson*s s t a i n .  These h a lo s  e n la rg e d  and 

fu s e d  w ith  one a n o th e r ;  m eanwhile th e  ch o n d ro cy tes  g ra d u a l ly  assumed 

a  f i b r o b l a s t i c  sh ap e , th e  m a tr ix  became in c r e a s in g ly  sp a rc e  and 

c a v i t i e s  form ed around  th e  c e l l s .  E v e n tu a lly  th e  m a tr ix  d isa p p e a re d  

c o m p le te ly  (F ig ,  7 c ) ,

(d ) L iv in g  Synovium in  C o n tac t w ith  Dead C a r t i la g e

From th e  ex p erim en ts  d e s c r ib e d  i t  was n o t  c l e a r  which c e l l s  were 

r e s p o n s ib le  f o r  th e  d e s t r u c t io n  o f  th e  c a r t i l a g e  m a tr ix .  The e x p e r i­

m ents were r e p e a te d ,  th e r e f o r e ,  w ith  dead (f ro z e n /th a w e d )  c a r t i l a g e  

to  a b o l is h  any e f f e c t  from  l i v i n g  ch o n d ro c y te s .



I' I u

a) Cartilage explant partially overlapped by synovial mince; 14 
days* cultivation. Note complete loss of metachromasia from the 
proximal third of the cartilage and throughout the region next 
next to the millipore ( +4-4- ; table I. ). Toi. blue. X 1?.

b) Same explant as in (a), section showing the dissolution of 
collagen under the leading edge of the synovium and also beneath 
the cut surface next to the millipore ( 44-; table I. ).van Gieson.
X 30.

c) Similar explant after l4 days* cultivation ; a more advanced 
' tage than in (b) ( 44-4-; table I. ). van Gieson. X 30*

F i g . 8

»
f .

a) Cartilage with overlapping synovium, 10 days in culture; 
early fibroblastic transformation of the chondrocytes in the 
columns; loss of metachromasia in this region. Toi,blue. X 190.

b) Same section; marked area in (a) under higher magnification. 
The cells are strongly basophilic, irregular in shape and two are 
in mitosis; in the upper group the intercellular partitions
have disappeared. X 730*

c) Same explant as in (a) showing halo of degraded collagen 
around the groups of transforming chondrocytes, van Gieson. X 190
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C a r t i la g e  on th e  synoviiJm When dead c a r t i l a g e  was p la c e d  on l i v i n g  

m ince (T ab le  1) i t s  m et ach ro m a tic  m a te r ia l  was l o s t  e x a c t ly  a s  in  

th e  l i v i n g  c a r t i l a g e  (F ig .  6 a ) ;  t h i s  was confirm ed by e s t im a t io n s  

o f  th e  p ro te o g ly c a n  r e le a s e d  in to  th e  medium (F ig .  3c)* S yn o v ia l 

c e l l s  invaded  th e  dead  t i s s u e  and e x ca v a ted  sm a ll p e r ip h e r a l  

c a v i t i e s  which som etim es c o n ta in e d  ra u tin u c le a te d  c h o n d ro c la s ts  

(F ig .  6 b ) . In  some e x p la n ts  th e r e  was ev idence o f  a  g e n e ra l 

d e g ra d a tio n  o f  th e  c o l la g e n  in  c e r t a in  a re a s  (F ig .  6 c ) ;  th e se  

r e g io n s  had  sh ru n k , th e  m a tr ix  s ta in e d  f e e b ly  o r  n o t  a t  a l l  w ith  

van G ieson»s s t a i n  b u t  i t  d id  n o t  d i s in t e g r a t e  a s  in  l i v i n g  c a r t i l a g e .

C a r t i la g e  o v e rla p p e d  by synovium  When o v erlap p ed  by synovium and 

c u l tu r e d  f o r  I 4 d ay s , th e  c a r t i l a g e  d is p la y e d  th e  same changes a s  

th o se  a l re a d y  d e s c r ib e d  f o r  dead c a r t i l a g e  p la c e d  on to p  o f  l i v i n g  

synovium , i . e .  lo s s  o f  p ro te o g ly c a n  (F ig ,  3 d ), a r e a s  o f  p a r t i a l l y  

d eg raded  c o l la g e n , and p e r ip h e r a l  e ro s io n  o f  th e  m a tr ix  by in v a d in g  

sy n o v ia l c e l l s .

(e )  Dead Synovium in  C o n tac t w ith  L iv in g  o r  Dead C a r t i la g e

F or com parison w ith  th e  r e s u l t s  d e s c r ib e d  ex p erim en ts  were 

made in  w hich l i v i n g  o r  dead  c a r t i l a g e  was e x p la n te d  in  c o n ta c t  

w ith  dead s y n o v ia l m ince k i l l e d  by  f r e e z in g  and th aw in g  (T ab le  1 ) .

D uring  14 days* c u l t i v a t i o n ,  th e  m a tr ix  o f  b o th  l i v i n g  and 

dead c a r t i l a g e  rem ained  s t r o n g ly  m etach rom atic  (F ig .  9&,b) and 

much l e s s  p ro te o g ly c a n  %fas shed  in to  th e  medium th a n  when th e  

e x p la n ts  were a s s o c ia te d  w ith  l i v i n g  synovium (F ig .  3 o ) . The 

l i v i n g  c a r t i l a g e  r e le a s e d  more p ro te o g ly c a n  in to  th e  medium th a n  

th e  dead , p ro b a b ly  because  i t  co n tin u e d  to  s y n th e s iz e  p ro te o g ly c a n  

d u r in g  c u l t i v a t i o n .



F i g . 9

a) Living cartilage cultivated for 14 days on dead synovium.
Matrix strongly metachromatic except near the cut surface; 
outwandering chondrocytes have repopulated the synovium, multiplied 
and formed chondroid tissue in the dead mince. Toi.blue. X 75*

b) Paired explant, killed and incubated on dead synovium for 
14 days; intense metachromasia; no viable cells in the mince.
Toi blue. X 75»

F i g . 1 0

a) Living cartilage cultivated for 14 days on the same millipore 
as synovium, but with the two tissues widely separated. Note severe 
loss of metachromasia, and breakdown of the matrix above the millipore- 
( +-H-; table I. ). Toi. blue. X 30.

b) Same explauit as in (a), section shows disintegration of the 
collagen and fibroblastic transformation of the chondrocytes, 
van Gieson. X 190.

c) Paired cartilage, killed and incubated for 14 days at a distance 
from a living synovial explant on the same millipore ( 0; table I .  ) .  
Toi. blue. X 30-



70

C hondrocytes w andered o u t from  th e  columns o f  p r o l i f e r a t i v e  

c e l l s  i n  th e  l i v i n g  c a r t i l a g e  and re p o p u la te d  th e  u n d e r ly in g  dead 

m ince. In  one experim en t th e se  c e l l s  gave r i s e  to  m asses o f  new 

c a r t i l a g e  and ch ondro id  t i s s u e  in  th e  su b s tan ce  o f  th e  sy n o v ia l 

e x p la n t ( p ig ,  9 a ) ,

( f )  L iv in g  Synovium s e p a ra te d  Prom L iv in g  C a r t i la g e

E xperim en ts were made to  see  i f  d i r e c t  c o n ta c t  betw een th e  

c a r t i l a g e  and synovium was e s s e n t i a l  f o r  th e  breakdown o f  c a r t i l a g e  

m a tr ix .  The c a r t i l a g e  and sy n o v ia l m ince were e i t h e r  e x p la n te d  on 

th e  same l i l i l l ip o r e  b u t  w e ll  s e p a ra te d  o r  e x p la n te d  on d i f f e r e n t  

M il l ip o re s  in  th e  same c u l tu r e  v e s s e l ;  th e  r e s u l t s  were th e  same.

A f te r  14 days* c u l t iv a t io n  lo s s  o f  m etachrom asia  was e x te n s iv e  in  

m ost o f  th e  e x p la n ts  (P ig ,  10a) and th e  c o lla g e n  was s e v e re ly  

d eg rad ed , w ith  a s s o c ia te d  f i b r o b l a s t i c  tra n s fo rm a tio n  o f  th e  

ch o n d ro cy tes  ( p ig .  10b, T ab le  1 ) ,  The amount o f  p ro te o g ly c a n  shed  

in to  th e  medium was a p p ro x im a te ly  th e  same a s  from  p a ire d  e x p la n ts  

grown w ith  o v e r la p p in g  synovium (P ig ,  3 f ) .

(g )  L iv in g  Synovium S e p a ra te d  From Dead C a r t i la g e

H aving shown t h a t  a  hum oral f a c t o r  i s  c o n t r ib u t in g  to  th e  c a r t i l a g e  

brealcdovjn, th e  ex p erim en ts  in  th e  p re v io u s  S e c tio n  were re p e a te d  w ith  

dead c a r t i l a g e  to  e l im in a te  any a c t io n  by th e  ch o n d ro cy te s . Serum 

i s  Imown to  c o n ta in  enzyme i n h i b i t o r s  w hich m ight a f f e c t  th e  

o f  synovium on c a r t i l a g e  when th e  t i s s u e s  a re  n o t  in  c o n ta c t .

H is to lo g ic a l ly  no e f f e c t  co u ld  be d e te c te d  a f t e r  14 days in  

c u l tu r e  and th e  e x p la n ts  were in d i s t in g u is h a b le  from  dead c a r t i l a g e  

* c u l t iv a te d *  in  th e  absence o f  synovium (p ig .  10c, T ab le  1 ) ,  I n  

ex p erim en ts  w ith  p a ire d  e x p la n ts ,  a n a ly s i s  o f  th e  u sed  c u l tu r e  m edia 

showed th a t  th e  amount o f  p ro te o g ly c a n  r e le a s e d  by dead c a r t i l a g e  

p la c e d  a t  a  d is ta n c e  from  th e  synovium was th e  same a s  t h a t  l i b e r a t e d
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by i s o l a t e d  dead c a r t i l a g e  (F ig*  3e) when th e  sm a ll amount r e le a s e d  

by th e  synovium ( p ig .  3a) was ta k e n  in to  a c c o u n t,

(h ) C a r t i la g e  and Synovium i n  D i f f e r e n t  C u ltu re  V e sse ls

To con firm  t h a t  th e  e f f e c t  o f  th e  synovium on th e  c a r t i l a g e  was 

m ed ia ted  t h r o u ^  th e  c u l tu r e  f l u i d ,  ex p erim en ts  were perfo rm ed  in  

w hich th e  synovium was c u l tu r e d  i n  t i s s u e  c u l tu r e  b o t t l e s .  The 

c u l tu r e  f l u i d  from  6 to  8 day s y n o v ia l c u l tu r e s  was c o l le c te d ,  

d i l u te d  w ith  an e q u a l volume o f  f r e s h  u n c u l tu re d  medium and th e n  

u se d  i n  th e  o r^ in  c u l tu r e s  o f  i s o l a t e d  c a r t i l a g e .  A f te r  14 days in  

c u l tu r e ,  th e r e  was e x te n s iv e  lo s s  o f  p ro te o g ly c a n  and c o l la g e n  w ith  

f i b r o b l a s t i c  tr a n s fo rm a tio n  o f  th e  chond ro cy tes  in  th e  zone above 

th e  M il l ip o r e  membrane ( p ig ,  1 1 a ,b ) .  There was no e f f e c t  i n  c o n t ro l  

medium w hich had been  in c u b a te d  a t  58*3^ f o r  48 h o u rs  b e fo re  u se  in  

th e  o rgan  c u l tu r e s  ( p ig ,  1 1 c ) , Breakdown was n o t  seen  in  dead 

c a r t i l a g e  e x p la n te d  in  u sed  sy n o v ia l medium (T ab le  2 ) ,

( i )  The E f f e c t  o f  R ev erse  O r ie n ta t io n  on th e  Response o f  L iv in g  

C a r t i la g e  to  S yn o v ia l T issu e

The r e s u l t s  d e s c r ib e d  so f a r ,  r e f e r  to  c a r t i l a g e  o r i e n t a te d  w ith  

th e  a r t i c u l a r  s u r fa c e  upw ards, b u t  th e  e f f e c t  o f  tu r n in g  th e  c a r t i l a g e  

u p s id e  down was a ls o  in v e s t ig a t e d .

The re sp o n se  o f  i s o l a t e d  c a r t i l a g e  c u l t iv a t e d  in  t h i s  way f o r  

14 days (4  e x p la n ts )  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from th a t  o f  

e x p la n ts  w ith  th e  a r t i c u l a r  s u r fa c e  upw ards.

C a r t i la g e  l a i d  w ith  th e  a r t i c u l a r  su r fa c e  downwards on sy n o v ia l 

mince (6  e x p la n ts )  behaved in  th e  same way a s  c a r t i l a g e  w ith  th e  

a r t i c u l a r  s u r fa c e  upw ards, and  in  some e x p la n ts  th e  m a tr ix  

co m p le te ly  d is a p p e a re d .



Number
o f

E x p la n ts

' LOSS o f  CPG

"M- + ^ 
++ +4" ++ + " 0

Loss o f  C o llag en  

+ 4- +

4_j. 4 4 - + +  +  " 0

SYNOVIAL MEDIM

L iv in g  C a r t i la g e 2 0 1 2  6  1 1 1 11 6 2

Dead C a r t i la g e 12 12 12

CONTROL MEDIUM

L iv in g  C a r t i la g e 2 0 1 19 2 0

Dead c a r t i l a g e 12 12 12

G rading  o f  d e p le t io n  a s  in  T ab le  1.

TABLE 2

EFFECT OP SYNOVIAL CULTURE MSDIbM (M ISOLATED CARTILAGE -  

ANALYSIS OP HISTOLOGY



O rie n ta tio n
Number

o f
E x p ia n ts

Loss o f  P ro te o g ly c a n  
(T o lu id in e  b lu e )

++ +
4"+ 44* ++ i  0

Loss o f  C o llag en  
(van  G ieson)

44* 4* +
44* 44* 44  4* "  0

Cut s u r fa c e  o f  
c a r t i l a g e  on 
th e  M il l ip o re

1 7 5 3

A r t i c u l a r  s u r fa c e  
o f  c a r t i l a g e  on 
th e  M ill ip o re

G rad ing  o f  d e p le t io n  a s  i n  T able 1

TABLE 3

EFFECT OP ORIENTATION ON THE BREAKDOWN OP MATRIX IN  

PAIRED CARTILAGE EXPLANTS SEPARATED PROM

LIVING SYNOVIDM -  ANALYSIS OP HISTOLOGY



F i g . 1 1

a) Isolated cartilage expiant maintained for 14 days in the 
used medium from 6 - 8  day synovial cultures diluted with an equal 
volume of fresh medium. ( ++ ). Toi. blue, x 4o.

b) High power view of area marked in (a) showing breakdown of 
collagen and fibroblastic transformation of the chondrocytes, 
mi X mitosis, van Gieson. x 188.

c) Paired cartilage explant maintained for l4 days in medium 
that had been incubated at 38.3° for 48 hours and diluted with 
an equal volume of fresh medium. ( 0 ). Toi. blue, x 40.



I ig.1 2

a) Living cartilage cultivated for l4 days at a distance from living 
svnovium; articular surface on millipore. Note loss of metachromasia, 
Toi .blue. 2.o«*.

b) J^ame explant as in (a), showing some loss of collagen, 
van Gieson. X aoo .
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when grown a t  a  d is ta n c e  from  synovium th e  c a r t i l a g e  showed 

s im i la r  changes to  th o se  seen  in  p a i r e d  e x p la n ts  w ith  th e  a r t i c u l a r  

s u r fa c e  upw ards (T ab le  $ , P ig . 1 2 a ,b ) .  In  p a r t i c u l a r ,  th e  breakdown 

o f  c o l la g e n  and f i b r o b l a s t i c  tr a n s fo rm a tio n  o f  ch o n d ro c y te s , how ever, 

was l e s s  advanced . The h i s t o l o g i c a l  ap pea rance  su g g e s te d  t h a t  th e  

f ib ro u s  c a r t i l a g e  a t  th e  a r t i c u l a r  s u r fa c e  was l e s s  s u s c e p t ib le  to  

th e  in f lu e n c e  o f  th e  medium, a s  * c o n d itio n e d ' by th e  synovium th a n  

th e  columns o f  c e l l s  i n  th e  p r o l i f e r a t i v e  zone.

I l l  SUMMARY

1 . P ig  synovium can be m a in ta in e d  i n  a  v ia b le  c o n d it io n  f o r  14 

days in  o rgan  c u l tu r e .

2 . p ig  a r t i c u l a r  c a r t i l a g e  rem ains in  a  v ia b le  c o n d it io n  d u r in g  

14 days in  o rgan  c u l tu r e  w ith  n o d u le s  o f  new chondro id  t i s s u e  

fo rm ing  a t  th e  c u t  s u r f a c e s  and r e le a s e  o f  p ro te o g ly c a n  in to  

th e  medium.

3. L iv in g  c a r t i l a g e  lo s e s  b o th  p ro te o g ly c a n  and c o l la g e n  when 

m a in ta in e d  in  c o n ta c t  w ith  l i v i n g  synovium.

4 . Dead c a r t i l a g e  lo s e s  b o th  p ro te o g ly c a n  and c o l la g e n  when 

m a in ta in e d  in  c o n ta c t  w ith  l i v i n g  synovium .

Dead synovium has no d e s t r u c t iv e  e f f e c t  on c a r t i l a g e ,

6 , L iv in g  c a r t i l a g e  lo s e s  b o th  p ro te o g ly c a n  and c o l la g e n  when 

m a in ta in e d  a t  a  d is ta n c e  from  sy n o v ia l t i s s u e ,  cr in  u sed  

sy n o v ia l medium,

7 ,  Dead c a r t i l a g e  i s  u n a f f e c te d  by sy n o v ia l t i s s u e  a t  a  d is ta n c e  

o r  by u sed  sy n o v ia l medium.

8 , L iv in g  synovium in d u c es  f i b r o b l a s t i c  t r a n s fo rm a tio n  o f  

a r t i c u l a r  ch o n d ro c y te s , e i t h e r  when th e  t i s s u e s  a r e  in  

c o n ta c t  o r  s e p a ra te d .
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IV  CONCLUSION

S yn o v ia l mince in  c u l tu r e  h a s  a  d i r e c t ,  p resum ably  en zy m atic , 

e f f e c t  on c a r t i l a g e  m a tr ix  w ith  lo s s  o f  b o th  p ro te o g ly c a n  and 

c o lla g e n  and an i n d i r e c t  e f f e c t ,  m ed ia ted  th ro u g h  l i v i n g  

c h o n d ro c y te s , w hich a ls o  cau ses  lo s s  o f  p ro te o g ly c a n  and c o l la g e n .
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CHAPTER 5
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EPEBCT OF NON ARTICULAR TISSUES 

ON THE BHBAKDOW OF CARTILAGE

As d esc rib ed  in  th e  S ec tio n  on m a te r ia ls ,  the  sy n o v ia l t i s s u e ,  

which had such a d is a s tro u s  e f f e c t  on the  c a r t i la g e  m a tr ix , was 

composed o f in tim a i c e l l s ,  subsynov ia l f ib ro u s  t i s s u e  and blood 

v e sse ls#  I t  was n o t c le a r  w hether the  e f f e c t  was due to  the  

in tim a i c e l l s ,  one o f  th e  o th e r  c e l l  types o r  se v e ra l d i f f e r e n t  

ty p es  o f  c e ll*

I  OBJECT OF EXPERH-ÎENTS

Experim ents were made to  s tudy  th e  response o f  a r t i c u l a r  

c a r t i l a ^  to  e x p lan ts  o f  b lood v e s s e l o r  f ib ro u s  t i s s u e  taken  

from th e  subcutaneous la y e r s  o f  th e  fo re - fo o t  o f th e  pig#

I I  RESULTS

(a ) Blood V essel in  C ontact w ith  L iv in g  C a r ti la g e

E x p la n ts  (0 ,0 2 5  ml) o f  m inced b lo o d  v e s s e l  w ere c u l t iv a t e d  

f o r  14 days in  c o n ta c t  w ith  c a r t i l a g e  and compared w ith  e x p la n ts  

o f  p a i r e d  i s o l a t e d  c a r t i l a g e  m a in ta in e d  f o r  th e  same p e r io d  

(T ab le  4 ) « H is to lo g ic a l  ex am in a tio n  o f  th e  e x p la n ts  a s s o c ia te d  

w ith  b lo o d  v e s s e ls  showed e x te n s iv e  and o f te n  com plete lo s s  o f  

p ro te o g ly c a n  (F ig . 1 5 a ) . C o llag en  breakdown was p r e s e n t  in  a l l  

th e  e x p la n ts  (F ig .  15b) and a f f e c t e d  b o th  th e  a r t i c u l a r  s u r fa c e  

a t  th e  le a d in g  edge o f  th e  m inced b lo o d  v e s s e l  and a ls o  th e  m a tr ix  

above th e  M i l l ip o r e .  T here was p r o l i f e r a t i o n  o f  th e  ch ond rocy tes  

i n  t h i s  r e g io n  w ith  f i b r o b l a s t i c  tr a n s fo rm a tio n .  The i s o la te d  

c a r t i l a g e  l o s t  l i t t l e  p ro te o g ly c a n  o r  c o lla g e n  (T ab le  4 , F ig . 13c)» 

and r e le a s e d  much l e s s  p ro te o g ly c a n  in to  th e  medium (F ig ,  14a) th a n  

th e  c a r t i l a g e  in  c o n ta c t  w ith  b lo o d  v e s s e l .



T issue with  
ca r tila g e

Number o f  
explants -H-

4-
44 -H- + t 0

mm 12 1 1 10

Blood v e s s e l 16 6 7 5

Fibrous t is su e 12 3 4 5

Synovial t is su e 16 2 7 7

(a) Loss o f  Proteoglycan

T issue with Number o f 44 4*
c a r tila g e explants 44 +4- 44 4- + 0

- 12 1 11

Blood v e sse l 16 2 8 6

Fibrous t is su e 12 2 6 4

Synovial t is su e 16 3 4 9

(b) Loss o f  C ollagen

Degree o f  d e p le t io n  a s  in  Table 1

TABLE 4

EFFECT OF NON ARTICULAR TISSUES OK LIVING CARTILAGE IN 

CONTACT AFTER 14 DAYS IN  CULTURE -

ANALYSIS OF HISTOLOGY



Ig. 1 3

a.

•  • • •

■-̂ * fr* '-rr— ._ .
^ »

b.

a) Minced blood vessel overlying living cartilage after 14 days in 
culture. Toi.blue. X 4o

b) High power of cartilage at leading edge of blood vessel tissue. 
Saune explant as in (a), van Gieson. X loo .

c) Paired isolated living caa:*tilage after 14 days in culture.
Toi. blue. X 4 0  .
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a
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300
PO C PG /

mlmedium
200

100

days in culture

400

300

200

100

days in culture

C um ulative  r e l e a s e  o f  p ro te o g ly c a n  a f t e r  14 days in  c u l tu r e .

a )  Q— —Q l i v i n g  c a r t i l a g e  in  c o n ta c t  w ith  l i v i n g  b lood  v e s s e l .

0 -------0  p a i r e d  i s o l a t e d  l i v i n g  c a r t i l a g e .

b ) 0 — 0  l i v i n g  c a r t i l a g e  in  c o n ta c t  w ith  l i v i n g  f ib ro u s  t i s s u e .  

0  0  p a i r e d  i s o l a t e d  l i v i n g  c a r t i l a g e .

F i g .  16

a

400

300

200

WO

2 4 106 128 14

400

300
MBCPG/

m lmedium

200

WO

82 4 106 12 14
days in culture days inculture

C um ulative r e l e a s e  o f  p ro te o g ly c a n  a f t e r  14 days in  c u l tu r e .

a )  O O l i v i n g  c a r t i l a g e  in  c o n ta c t  w ith  l i v i n g  b lo o d  v e s s e l .

©--------O p a i r e d  l i v i n g  c a r t i l a g e  in  c o n ta c t  w ith  l i v i n g  s y n o v ia l

t i s s u e .X — X is o la t e d  l i v i n g  b lood  v e s s e l .

b) 0 — 0  l i v i n g  c a r t i l a g e  in  c o n ta c t  w ith  l i v i n g  f ib ro u s  t i s s u e .  

©------- O  p a i r e d  l i v i n g  c a r t i l a g e  in  c o n ta c t  w ith  l i v i n g  s y n o v ia l

t i s s u e .
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(b) F ibrous T issue  in  c o n ta c t w ith  L iv in g  C a r tila g e

The ex p erim en t was r e p e a te d  w ith  m inced f ib r o u s  t i s s u e  in s te a d  

o f  b lo o d  v e s s e l .  A f te r  14 days th e  m a tr ix  o f  th e  c a r t i l a g e  in  

c o n ta c t  w ith  th e  f ib r o u s  t i s s u e  had  l o s t  m ost o f  i t s  m e tach rom atic  

s t a i n in g  and th e re  was lo s s  o f  c o l la g e n  in  a l l  th e  e x p la n ts  

( T ab le  4) .  The p a t t e r n  o f  breakdow n was th e  same a s  in  th e  

c u l tu r e s  w ith  b lo o d  v e s s e l  (F ig*  14b, F ig . 1 5 a ,b ,c )  w ith  l i t t l e  

breakdown in  th e  i s o l a t e d  c a r t i l a g e .

(c) Comparison o f  Blood V esse l o r  F ib rous T issue  w ith  Synovial T issue

P a ir e d  c a r t i l a g e  e x p la n ts  were c u l tu r e d  w ith  e i t h e r  b lo o d  v e s s e l  

compared a g a in s t  s y n o v ia l t i s s u e  o r  f ib ro u s  t i s s u e  compared a g a in s t  

sy n o v ia l t i s s u e .  I n  a l l  f o u r  g roups th e re  was s e v e re  d e p le t io n  o f  

p ro te o g ly c a n  and to  a  l e s s e r  e x te n t  o f  c o l la g e n  (T ab le  4 ) .  The 

h i s t o l o g i c a l  appea rance  o f  th e  p a i r e d  c a r t i l a g e  e x p la n ts  was v e ry  

s im i la r  w ith  lo s s  o f  m a tr ix  and f i b r o b l a s t i c  tr a n s fo rm a tio n  o f  th e  

ch o n d ro cy te s , b u t th e  e x p la n ts  a s s o c ia te d  w ith  b lo o d  v e s s e l  r e le a s e d  

more p ro te o g ly c a n  in to  th e  medium th a n  t h e i r  p a i r s  w ith  s y n o v ia l 

t i s s u e  (F ig .  I 6 a ) ;  t h i s  was n o t  due to  p o ly a n io n ic  m a te r ia l  from  th e  

b lo o d  v e s s e l  s in c e  c u l tu r e s  o f  i s o l a t e d  b lood  v e s s e l  r e le a s e d  o n ly  

sm a ll am ounts. There was a  s im i la r  b u t  l e s s  marked d if f e r e n c e  

betw een c a r t i l a g e  w ith  f ib r o u s  t i s s u e  and t h a t  w ith  synovium 

( F ig .  16 b ).

(d) Blood V essel in  C ontact w ith  bead C a r tila g e

The above experim ents dem onstrate  th a t  non a r t i c u l a r  t i s s u e s  

can have a  d e s tru c t iv e  a c tio n  on c a r t i la g e  m a tr ix . However, i t  was 

n o t c le a r  from the  r e s u l t s  w hether th e  p rocess  was s im ila r  to  th e  

a c tio n  o f  sy n o v ia l t i s s u e  w ith  a  d i r e c t  e f f e c t  and an in d i r e c t  e f f e c t



I- ig. 1 5

a) Minced fibrous tissue overlying living cartilage after 14 days in 
culture. Toi. blue. X 4^° .

b) High power of cartilage at leading edge of fibrous tissue. Sane 
explant as in (a), van Gieson. X “Xoo

c) Paired isolated living cartilage after 14 dayi in culture.
Toi. blue. X 4-0
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m ed ia ted  t h r o u ^  th e  c h o n d ro c y te s . T h is  a s p e c t  was s tu d ie d  in  

more d e t a i l  w ith  th e  m inced subcu tan eo u s b lo o d  v e s s e l .

Two ty p e s  o f  ex p erim en ts  were made w ith  b lo o d  v e s s e l  in  c o n ta c t  

w ith  dead c a r t i l a g e ;  in  one th e  dead  e x p la n t w ith  b lo o d  v e s s e l  was 

p a i r e d  w ith  i s o l a t e d  dead c a r t i l a g e  and in  th e  o th e r  w ith  l i v i n g  

c a r t i l a g e  i n  c o n ta c t  w ith  b lo o d  v e s se l*  In  b o th  ty p e s  o f  ex p erim en t 

th e  dead c a r t i l a g e  a s s o c ia te d  w ith  b lo o d  v e s s e l3 o s t  m ost o f  i t s  

p ro te o g ly c a n  (T ab le  5» F ig . 1 7 a ); th e r e  was some v i s i b l e  lo s s  o f  

c o lla g e n  in  2 o u t o f  th e  8 e x p la n ts  (F ig .  1 7 b ). The r e le a s e  o f  

p ro te o g ly c a n  was s l i g h t l y  l e s s  th a n  from  l i v i n g  c a r t i l a g e  w ith  

b lo o d  v e s s e l  (F ig .  18a) b u t  much more th a n  from  i s o l a t e d  dead 

c a r t i l a g e  (F ig . 1 8 b ). The i s o l a t e d  dead c a r t i l a g e  showed no 

h i s t o l o g i c a l  lo s s  o f  p ro te o g ly c a n  o r  c o lla g e n  (T ab le  5 , F ig . 17c)*

(e )  Blood v e s s e l  S epara ted  from L iv in g  C a r tila g e

E x p la n ts  o f  l i v i n g  c a r t i l a g e  c u l t iv a t e d  in  th e  same d is h  a s  

b lo o d  v e s s e l  b u t  n o t  in  c o n ta c t  underw ent some breakdow n a f t e r  

14 days (T ab le  5)* A ll showed lo s s  o f  p ro te o g ly c a n  and c o l la g e n  

i n  th e  zone above th e  M il l ip o r e  membrane w ith  f i b r o b l a s t i c  t r a n s ­

fo rm a tio n  o f  some o f  th e  ch o n d ro cy tes  (F ig .  1 9 ) . These changes 

w ere l e s s  advanced th a n  th o s e  i n  l i v i n g  c a r t i l a g e  in  c o n ta c t  w ith  

b lo o d  v e s s e l .  The r e le a s e  o f  p ro te o g ly c a n  was s im i l a r  to  t h a t  

from i s o l a t e d  c a r t i l a g e  u n t i l  ab o u t 6 o r  8 days a f t e r  w hich i t  

was much g r e a t e r  (F ig# 2 0 b ).

( f )  Blood V essel S epara ted  from Bead C a r tila g e

I n  t h i s  group th e re  was no h i s t o l o g i c a l  ev id en ce  o f  breakdown 

o f  m a tr ix  a f t e r  14 days* c u l t i v a t i o n  (T ab le  5)* T here was some 

r e le a s e  o f  p ro te o g ly c a n  in to  th e  medium (F ig .  20a) b u t  no more



C ondition  o f  
c a r t i la g e

Humber o f  
e x p lan ts

++ + 
++ -H- H-+ + + 0

I s o la te d ,  dead 8 8

In  c o n ta c t, dead 8 4 1 3

S ep ara ted , dead 8 8

S epara ted , l iv in g 8 2 1 4 1

(a ) Loss o f  P ro teo g ly can  (T o lu id ine  b lu e )

C ondition  o f Humber o f ++ +
c a r t i la g e e x p lan ts *H- ++ ++ + + 0

I s o la te d ,  dead 8 8

In  c o n ta c t, dead 8 1 1 6

S ep ara ted , dead 8 8

S ep ara ted , l iv in g 8 1 4 3

(b ) LOSS o f  C o llag en  (Van G ieson)

G rad ing  o f  d e p le t io n  a s  in  T ab le  1

TABLE 5

EFFECT OF MINCED BLOOD VESSEL ON GMTILAGE IN 

CULTOEE FOR 14 DAYS -  MALYSIS OF HISTOLOGY



K i g . 1 7
a

a) Minced blood vessel overlying dead cartilage after 14 days in 
culture. Toi. blue. X .

b) Same explant as in (a) showing loss of collagen, van Gieson.
X 4-*̂  .

c) Paired isolated dead cartilage after 14 days in culture. Toi. blue,
X 4 . 0
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C u m u la tiv e  r e l e a s e  o f  p r o t e o g l y c a n  a f t e r  14 d a y s  i n  c u l t u r e .

a )  O  O  l i v i n g  c a r t i l a g e  i n  c o n t a c t  w i th  l i v i n g  b lo o d  v e s s e l .

 #-------@ p a i r e d  d e a d  c a r t i l a g e  i n  c o n t a c t  w i th  l i v i n g  b lo o d  v e s s e l .

b )  O " — O  d e a d  c a r t i l a g e  i n  c o n t a c t  w i th  l i v i n g  b lo o d  v e s s e l .

 #------- #  i s o l a t e d  d e a d  c a r t i l a g e .

F i g . 20  

a
400

300300
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141210B4 6
days in culture

2

C u m u la t iv e  r e l e a s e  o f  p r o t e o g l y c a n  a f t e r  14 d a y s  i n  c u l t u r e .

a )  O   Q  d e a d  c a r t i l a g e  a t  a  d i s t a n c e  from  l i v i n g  b lo o d  v e s s e l .

O  O  p a i r e d  i s o l a t e d  d e a d  c a r t i l a g e .

b )  O ---------O  l i v i n g  c a r t i l a g e  a t  a  d i s t a n c e  from  l i v i n g  b lo o d  v e s s e l .

•Q  p a i r e d  i s o l a t e d  l i v i n g  c a r t i l a g e .



a) Living cartilage maintained at a distance from blood vessel for
14 day in culture. Toi.blue. X ,

b) Same explant as in (a) stained for collagen, van Gieson. X

c) High power of (b). van Gieson. X ̂ o o  .

']) Paired isolated living cartilage after l4 days in culture.
To],blue. X 4 °
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th a n  t h a t  r e le a s e d  by  p a i r e d  e x p la n ts  o f  i s o l a t e d  dead c a r t i l a g e  

when th e  sm a ll amount r e le a s e d  by  th e  b lo o d  v e s s e l  was ta k e n  in to  

acco u n t (F ig .  I 6 a ) ,

I I I  smmm

1 • M inced b lo o d  v e s s e l  cau ses  lo s s  o f  p ro te o g ly c a n  and c o lla g e n  

from  l i v i n g  and dead c a r t i l a g e  when in  c o n ta c t .

2 . M inced b lo o d  v e s s e l  cau ses  lo s s  o f  p ro te o g ly c a n  and c o lla g e n  

from  l i v i n g  b u t  n o t  dead c a r t i l a g e  when s e p a ra te d ,

5 . M inced b lo o d  v e s s e l  p roduces th e  same amount o f  c a r t i l a g e

breakdown a s  an eq^uivalent volume o f  m inced s y n o v ia l t i s s u e ,

4 . M inced b lo o d  v e s s e l  in d u c e s  f i b r o b l a s t i c  t r a n s fo rm a tio n  o f  

a r t i c u l a r  ch o n d ro cy te s .

5 . M inced f ib ro u s  t i s s u e  cau ses  lo s s  o f  p ro te o g ly c a n  and c o lla g e n  

from l i v i n g  c a r t i l a g e  when i n  c o n ta c t .

6 . M inced f ib r o u s  t i s s u e  cau ses  th e  same amount o f  c a r t i l a g e  

breakdown a s  an  e q u iv a le n t  volume o f  m inced sy n o v ia l t i s s u e ,

IV CONCLUSION

The r e s u l t s  d em o n stra te  t h a t  n o n -sy n o v ia l t i s s u e  can have 

a  d i r e c t  and an i n d i r e c t  d e s t r u c t iv e  a c t io n  on a r t i c u l a r  c a r t i l a g e  

m a tr ix .
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CHAPTER 6
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EFEBCT OF RBTIITOL ON QHEi BKBAKDOM OF CAETILAGE

The r e s u l t s  r e p o r te d  i n  C hap ters  4 and 5 d em o n stra te  t h a t  th e  

ch o n d ro cy tes  can have a  r o l e  in  th e  breakdown o f  b o th  p ro te o g ly c a n  

and co llag en *  I t  was n o t  c l e a r  w hether th e  ch o n d ro cy tes  w ere 

r e l e a s in g  th e  enzymes t h a t  w ere d e g ra d in g  th e  m a tr ix  o r  m ere ly  

a c t i v a t i n g  sy n o v ia l enzymes# T h a t th e  ch o n d ro cy tes  can cause th e  

l o s s  o f  p ro te o g ly c a n  h a s  been  shown in  an  e a r l i e r  s tu d y  o f  th e  

e f f e c t  o f  r e t i n o l  (v ita m in  a )  on a r t i c u l a r  c a r t i l a g e  in  c u l tu r e  

( 207) ;  a f t e r  16 days an a lm o s t com plete d isa p p e a ra n c e  o f  p ro te o ­

g ly c a n  was n o te d  b u t lo s s  o f  c o lla g e n  was v e ry  s l ig h t*

I  OBJECT OF E X E B B IM T S

The c o l la g e n o ly t ic  p o t e n t i a l  o f  th e  chondrocy te  i n  re sp o n se  to  

r e t i n o l  h a s  been  r e - in v e s t ig a te d *  The r e t i n o l  (5  o r  10 i u  p e r  ml 

o f  medium -  Roche p ro d u c ts )  was i n  e th a n o l ic  s o lu t io n  and th e  same 

q u a n t i ty  o f  e th a n o l was added to  th e  c o n t ro l  medium#

I I  BBSIJLTS

( a )  P u l l  T h ic k n e s s  E x p l a n t s  o f  C a r t i l a g e

As in  p re v io u s  work (207) i n  s e c t io n s  s ta in e d  w ith  to lu id in e  b lu e ,  

m etachrom asia  d is a p p e a re d  from  th e  m a tr ix  o f  c a r t i l a g e  e x p la n ts  d u r in g  

c u l t i v a t io n  in  medium c o n ta in in g  10 i u  r e t in o l /m l*  T h is  lo s s  sp re a d  

in w ards from  th e  s u r fa c e  o f  th e  frag m en t (p ig .  21a) and o f te n  was 

n e a r ly  com plete by  th e  1 6 th  day (T ab le  6)*

Breakdown o f  c o l la g e n  (T ab le  6) f i r s t  ap peared  ( p ig .  21b) a s  a  

row o f  sm all round  c a v i t i e s  a  s h o r t  d is ta n c e  above th e  c u t s u r f a c e ;



C o n c e n t r a t io n  
o f  r e t i n o l

N um ber
o f

e x p l a n t s

L o ss  o f  p r o t e o g l y c a n  
( T o l u i d i n e  b l u e )

+4- + ^
++ 4*+ . ..-h+ + — 0

L o ss  o f  C o l la g e n  
(v a n  G ie s o n )

4-4" 4- ^
+4* 44* +4* 4* — 0

10 i u / m l 24 6 10 8 1 8  4 5

5 i n / m l 24 4 9 8 5 1 4 10 7

0 48 2 15 8 25 9 6 5

D e p le tio n  o f  m a tr ix  g rad ed  a s  in  T ab le 1

TABLE 6

EFFECT OP EETBIOL ON ARTICULAR CARTILAGE AFTER 

16 LAYS BI CULTURE -  ANALYSIS OP HISTOLOGY



K i g . 2 1

Expiants of isolated cartilage cultivated for 16 days in medium 
containing lOi.u. retinol/ ml.

a ) Loss o f netachrom atic m a ter ia l ( +++, Table b ) .  T o i. b lue
X 32.

b) Same expjant as in  (a )  1 f i r s t  s tage  in  the breakdown o f  
c o lla g e n  ( - ). van Gieoon. X 32.

c)L ator  sta g e  in  the breakdown o f  c o lla g e n ; tr a c t  o f  degraded 
m atrix w ith in ta c t  c o lla g e n  above and n e c r o tic  c a r t i la g e  below  
( + ) .  van G ieson. X 32 ,

d ) Further s ta g e  in  the d e s tr u c tio n  o f matrix ( ) .  van G ieson.
X 32.

•1 )  L i t t l e  in ta c t  m atrix l o f t  ( ) , van G ieson. X 32.
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below  t h i s  l e v e l  th e  c a r t i l a g e  was l a r g e ly  n e c r o t i c .  Some o f  th e  

c e l l s  i n  th e  h o le s  were d e g e n e ra te  b u t  o th e r s ,  some o f  w hich u n d er­

went m i to s i s ,  w ere f l a t t e n e d  a g a in s t  th e  w a ll o f  th e  c a v i ty .  The 

h o le s  e n la rg e d , c o a le sc e d  and became f i l l e d  w ith  l i b e r a t e d  chondro­

c y te s  w hich co n tin u e d  to  m u l t ip ly  ( p ig s .  21c, 2 2 a ) . These p r o l i f ­

e r a t i n g  c e l l s  in v ad ed  and e v e n tu a l ly  d e s tro y e d  th e  u n d e r ly in g  n e c r o t i c  

c a r t i l a g e  (P ig s .  21 d , 2 2 b ). In  one e x p la n t th e  low er h a l f  had 

co m p le te ly  d i s in t e g r a te d  le a v in g  a  compact mass o f  v i a b l e ,  p r o l i f ­

e r a t i n g  c e l l s  ( p ig .  21e ) .

I n  th r e e  ex p erim en ts  (T ab le  6) one s e t  o f  e x p la n ts  was t r e a t e d  

w ith  5 i u  r e t i n o l / m l  and a n o th e r  w ith  10 i u  r e t i n o l / m l .  I n  th e  

f i r s t  exp erim en t th e  low er dose caused  much more breakdow n o f  th e  

m a tr ix ,  b u t  i n  th e  o th e r  two ex p erim en ts  th e  e f f e c t s  o f  th e  two 

c o n c e n tra t io n s  were e s s e n t i a l l y  th e  same. The e x p la n ts  i n  c o n tro l  

medium showed l i t t l e  breakdow n o f  m a tr ix  (T ab le  6) and th e r e  was 

u s u a l ly  an o u tg row th  o f  p r o l i f e r a t i n g ,  o f te n  c h o n d r ify in g  c e l l s  

from  th e  o u t s u r f a c e .

The u se d  c u l tu r e  medium was a n a ly se d  f o r  p ro te o g ly c a n  and 

h y d ro x y p ro lin e  ( p ig .  2 3 ) . P ro te o g ly c a n  was r e le a s e d  from th e  

b e g in n in g  o f  th e  c u l tu r e  p e r io d  and by 16 days th e  r e t i n o l  group 

had  l i b e r a t e d  ab o u t 7(% more th a n  th e  c o n t ro ls  ( p ig .  2 3 a ) . The 

h y d ro x y p ro lin e , how ever, o n ly  began  to  ap p ea r in  th e  medium a t  

8 to  10 days and by  16 days th e  r e t i n o l  group had  r e le a s e d  on 

av erag e  fo u r  tim e s  th e  amount p r e s e n t  i n  th e  c o n t ro l  c u l tu r e  

medium ( p ig .  23b ) .

(b ) P a r t i a l  Thickness E x p lan ts  o f  C a r tila g e

The h i s to lo g ic a l  appearance o f  th e  r e t i n o l - t r e a t e d  c a r t i la g e  

suggested  th a t  th e  s e v e r i ty  o f  the  co llag en  breakdown m ight be



K i g . 2  2

Two expiants showing details of the breakdown of collagen in 
retinol treated cartilage.

a) Same specimen as in fig.Zic. Note: fibroblastic transformation 
of the chondrocytes, one of which is in mitosis, van Gieson. X 400,

b) Same specimen as in Fig.lid. showing fibroblast-like 
chondrocytes invading the dead layer, van Gieson. X 400.



F i g . 2 3
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o  150 
&
Dl 120

days in culture

B

30

25
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15
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0
2 6 10 12 14 164 8

days In culture

Graphs showing th e  mean cum ulative  r e le a s e  of p ro teo g ly can  (a ) 
and hydroxypro line  (b) from 12 p a i r s  o f e x p la n ts  from 3 experim ents 
( fo u r  p a i r s  in  each ex p erim en t); one p a i r  of each was c u l t iv a te d  
in  r e t in o l- c o n ta in in g  medium (10 i . u .  r e t in o l /m l)  0 — ©  , and
th e  o th e r  in  c o n tro l  medium X  X . Bars re p re s e n t  th e  s tan d a rd
e r r o r  o f th e  mean.
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c o r r e la te d  w ith  th e  amoimt o f  zone 5 in c lu d e d  in  th e  o r ig i n a l  e x p la n ts ,

Two s e r i e s  o f  ex p erim en ts  w ere made to  t e s t  t h i s  h y p o th e s is*

In  two experim ents (T able 7) two e x p la n ts , one th ic k  and one

t h i n ,  were c u t from  each  c o n d y la r  r id g e ;  i t  was assumed t h a t  o n ly

th e  t h i c k e r  fragm en t would be l i k e l y  to  c o n ta in  zone 5* Some o f

th e s e  u n eq u a l p a i r s  were grown i n  r e t i n o l - c o n t a in i n g  medium (10  iu

r e t in o l /m l)  and th e  r e s t  in  c o n tro l medium* A part from th e  two

t h in n e s t  o f  th e  e x p la n ts  t r e a t e d  w ith  r e t i n o l  w hich p ro b a b ly

c o n s is te d  m a in ly  o f  zone 1 and showed a  se v e re  breakdown o f  
/H-

c o l la g e n  (-H-, T ab le  7)> th e  d a ta  re c o rd e d  in  T ab le  7 in d ic a te d  

t h a t  i n  b o th  th e  e x p e r im e n ta l and c o n t ro l  c u l tu r e s ,  th e  d e g ra d a tio n  

o f  c o lla g e n  was g r e a t e r  i n  th e  t h i c k e r  fragm ents*

The ex p erim en ts  w ere u n s a t i s f a c to r y ,  how ever, ow ing to  th e  

v e ry  wide v a r i a t i o n  i n  th e  th ic k n e s s  o f  th e  a r t i c u l a r  c a r t i l a g e  

i n  d i f f e r e n t  t r o t t e r s .  T h is  m eant t h a t  zone 5 m igh t have been  

p r e s e n t  i n  a  th i n  e x p la n t  o r  a b s e n t from  a  th i c k  one depend ing  

on th e  i n i t i a l  th ic lm e s s  o f  th e  a r t i c u l a r  c a r t i l a g e  i n  in d iv id u a l  

a n im a ls . Once c a r t i l a g e  h a s  begun to  d i s i n t e g r a t e ,  i t  i s  h a rd  to  

t e l l  w h e th er zone 3 was o r i g i n a l l y  p re se n t*

To o b ta in  more p r e c i s e  in fo rm a tio n , s t r i p s  o f  c a r t i l a g e  o f  

d i f f e r e n t  th ic k n e s s e s  were s l i c e d  from  th e  a r t i c u l a r  condy les 

and each  s t r i p  was th e n  d iv id e d  in to  two ap p ro x im a te ly  e q u iv a le n t  

p a r t s ;  one p a r t  was f ix e d  a s  a  ze ro  c o n t ro l  ( p ig s .  2 4 a ,c )  and th e  

o th e r  c u l t i v a t e d  f o r  16 days in  e i t h e r  r e t i n o l - c o n t a in i n g  o r  

c o n t ro l  medium (P ig s*  2 4 b ,d ) .  I t  w i l l  be seen  from  T ab le  8a 

t h a t  in  th e  p re se n c e  o f  r e t i n o l ,  th e  lo s s  o f  c o l la g e n  was much 

g r e a t e r  when zone 3 was in c lu d e d  in  th e  e x p la n t ( p ig .  24) a l th o u ^ i  

lo s s  o f  c o lla g e n  co u ld  be seen  i n  e x p la n ts  o f  a l l  th ic k n e sse s*



C o n c e n tra tio n  
o f  r e t i n o l

Number
o f

e x p la n ts

Loss o f  C o llagen  

4-+ +
4— 4~t' 4~h 4* •“ 0

T hick  e x p la n ts 10 iu /m l 16 1 6 7 2 0

T hin  e x p la n ts 10 iu /m l 16 2 2 5 6 5

T hick  e x p la n ts - 16 4 5 9

T hin  e x p la n ts - 16 1 15

Loss o f  c o l la g e n  g rad ed  a s  i n  T able 1

TABLE 7

EPPECT OP ESTIBOL OH THICK OR THIH EXPLMTS 

OP ARTICULAR CARTILAGE -  ANALYSIS OP HISTOLOGY



Zones in  
e x p la n t

c o n c e n tra t io n  
o f  r e t i n o l

Number
o f

e x p la n ts

Loss o f  C o llagen

+ + 4 -  
++ ++ ++ + “  0

1 + 2 10 in /m l 25 1 1 6  8 7

1 + 2 4 - 5 10 in /m l 24 4 11 8 1

1 + 2 - 25 6 19

1 + 2  + 3 - 25 1 8 14

(a )  Loss o f  C o llagen

Zones in  
e x p la n t

C o n c e n tra tio n  
o f  r e t i n o l

Number
o f

e x p la n ts

Loss o f  C o llagen  

4H" +
++ 4H* ++ + — 0

1 + 2 10 iu /m l 25 17 5 1

1 + 2 + 5 10 iu /m l 24 14 8 2

1 + 2 - 25 1 2 8 7 7

1 + 2 + 5 - 25 2 6 7 8

(b ) Loss o f  P ro te o g ly c a n

LOSS o f  p ro te o g ly c a n  g rad ed  a s  i n  T ab le 1

TABLE 8

EPEECT OP RETINOL ON BREAKLOW OP MATRIX PROM

DIPPERENT ZONES WITHIN ARTICULAR OATILAGE -

ANALYSIS OP HISTOLOGY



* 1^ . 24

Expiants illustrating the influence of zone 3 on the breakdown of 
collagen during l6 days' cultivation in the presence of retinol 
(10 i.u./ml), van Gieson. X 100.

a,b) Two fragments containing zone 3 (Z3) cut from the same strip 
of cartilage, (a) Fixed immediately. The colourless areas around 
the groups of chondrocytes in zone 3 (23) do not Indicate absence 
of collagen ( see p. ). (b) Fixed after 16 days' cultivation 
in the presence of retinol; the collagen is severely degraded in 
zone 3'
c,d) A pair of fragments containing zone 1 and the upper part of 
zone 2 only, both taken from the name strip of cartilage.
(c) Fixed immediately, (d) Fixed after l6 days' cultivation in 
mnr)ium containing retinol; the collagen is intact.
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In  th e  c o n t r o l s ,  th e  o n ly  e x p la n t  show ing s ig n i f i c a n t  d e g ra d a tio n  

o f  c o lla g e n  was one of th o se  t h a t  c o n ta in e d  a l l  th r e e  zo n es .

D e p le tio n  o f  p ro te o g ly c a n  (T ab le  8b) in  b o th  th e  r e t i n o l - t r e a t e d  

and c o n t ro l  specim ens was u n a f f e c te d  by th e  p re se n c e  o f  zone 5 .

(o ) O utgrow th in  th e  C u ltu re  V e s se ls

I n  c o n t ro l  and o c c a s io n a l ly  i n  r e t i n o l - c o n t a in i n g  medium, 

ch o n d ro cy tes  em erged from  th e  c u t s u r fa c e  o f  th e  c a r t i l a g e  and 

p r o l i f e r a t e d  to  form  a  l a y e r  o f  new t i s s u e  b e n e a th  th e  e x p la n t .  

E xam ination  o f  th e  c u l tu r e  v e s s e l s  a t  th e  end o f  th e  ex p erim en t 

showed th a t  in  many o f  th e  c o n t ro l  c u l tu r e s  c e l l s  d e r iv e d  from  

th e  c a r t i l a g e  had  p o p u la te d  b o th  th e  s u p p o r tin g  g r id  and th e  f l o o r  

o f  th e  v e s s e l .  F o r ty - e ig h t  p a i r s  o f  u se d  c u l tu r e  v e s s e l s  w ere s tu d ie d  

i n  each  o f  w hich two c a r t i l a g e  e x p la n ts  had  been  m a in ta in e d  f o r  16 

d ay s ; one o f  each  p a i r  had c o n ta in e d  c o n tro l  medium and th e  o th e r  

medium to  w hich 10 i u  r e t i n o l / m l  h ad  been  added .

B oth  on th e  g r id  and on th e  f l o o r  o f  th e  v e s s e l s  ou tg row th  was 

more f re q u e n t and more abundan t i n  th e  c o n t ro ls  th a n  in  th e  r e t i n o l -  

t r e a t e d  c u l tu r e s  (T ab le  9) • I u  c o n t ro l  medium some o f  th e  c e l l s  

w hich f e l l  t h r o u ^  th e  g r id  on to  th e  f l o o r  a g g re g a te d  to  form  t i n y  

n o d u le s  in s id e  w hich m etach rom atio  m a te r ia l  co u ld  som etim es be 

d em o n stra ted  by  s t a i n in g  w ith  d i l u t e  to lu id in e  b lu e .  O th e r c e l l s  

ad h ered  to  th e  g la s s  and gave r i s e  to  a c t iv e l y  p r o l i f e r a t i n g  c o lo n ie s  

o f  d i f f e r e n t  s i z e s ;  some c o lo n ie s  c o n s is te d  o f  rounded  o r  p o ly h e d ra l 

c e l l s  w ith  la r g e  rounded  n u c le i  and  v e ry  b a s o p h i l ic  cy top lasm ; 

o th e r s  w ere composed o f  expanded c e l l s  re se m b lin g  f i b r o b l a s t s  b u t  

more commonly b o th  form s w ere p r e s e n t  a lo n g  w ith  many in te rm e d ia te  

c e l l s .

O nly a  sm a ll p ro p o r t io n  o f  the c u l tu r e s  exposed to  r e t i n o l  

p roduced  c o lo n ie s  on th e  f l o o r  (T ab le  9 ) ;  th e  c e l l s  w ere alw ays 

o f  th e  f i b r o b l a s t i c  form  and no m etachrom asia  was o b se rv ed .



C oncen tra tion  
o f  r e t in o l

Number o f 
c u ltu re  v e s s e ls

Outgrowth

S lig h t

on f lo o r  o f
S c a tte re d
co lo n ies

c u ltu re  v e s s e l  

P ro fuse

10 iu /m l 48 42 5 1

- 48 3 32 13

TABLE 9

EFFECT OF RETINOL ON THE MIGRATION AND

PROLIFERATION OF CELLS FROM ARTICULAR CARTILAGE
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I I I  SMART

1 , 5-10 i u  p e r  ml r e t i n o l  s t im u la te s  chond ro cy tes  from  a l l  zones 

o f  a r t i c u l a r  c a r t i l a g e  to  degrade th e  su rro u n d in g  p ro te o g ly c a n  

and c o l la g e n  d u r in g  16 days i n  c u l tu r e .

2 . U nder th e  in f lu e n c e  o f  r e t i n o l  some o f  th e  ch o n d ro cy tes  

p r o l i f e r a t e  and undergo  f i b r o b l a s t i c  tra n s fo rm a tio n *

3# Breakdown o f  c o l la g e n  i s  g r e a t e s t  i n  zone 3 o f  th e  c a r t i l a g e  

s tu d ie d  w hich i s  con^osed o f  p r o l i f e r a t i n g  and h y p e r tro p h ic  

chondrocy tes*

4* The c o lo n is a t io n  o f  th e  f l o o r  o f  th e  c u l tu r e  v e s s e l  by 

ch o n d ro cy tes  and p h e n o ty p ic  e x p re s s io n  o f  th e s e  c e l l s  i s  

in h i b i t e d  by r e t i n o l ,

IV CONCLUSION

A sim ple  a g e n t ,  such  a s  r e t i n o l ,  i s  a b le  to  s t im u la te  a r t i c u l a r  

ch o nd rocy tes, d e g ra d in g  p ro te o g ly c a n  and c o lla g e n  w ith  f i b r o b l a s t i c  

tra n s fo ro a a tio n  o f  th e  c e l ls *
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CHAPTER 7
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EFFECT OF HYPEROXIA ON THE BREAKDOWN OF CARTILAGE

BY SYNOYTÜM

H yperox ia  h as  been  shown to  in c re a s e  th e  ly so so m al enzyme 

a c t i v i t y  o f  H ela  and  ch ick  em bryonic c e l l s  i n  c e l l  c u l tu r e  (197)*

A s im i la r  e f f e c t  was found by S ledge and D in g le  in  em bryonic lim b 

bone ru d im en ts  m a in ta in e d  in  o rgan  c u l tu r e  i n  85% oxygen; a f t e r  

8 days th e re  was lo s s  o f  m etach rom atio  s t a i n in g  in  th e  c a r t i l a g e  

m a tr ix  a s s o c ia te d  w ith  in c re a s e d  c a th e p s in  D a c t i v i t y  i n  th e  

medium (1 9 6 ) . As th e  lim b bone ru d im en ts  c o n s is t  o f  ch o n d ro cy tes  

and f ib ro u s  p e r ic h o n d ra l  t i s s u e ,  i t  i s  n o t  c l e a r  w h eth er th e  chon­

d ro c y te s  a re  c a u s in g  th e  d e p le t io n .  Loss o f  p ro te o g ly c a n  from 

i s o l a t e d  a r t i c u l a r  c a r t i l a g e  i n  o rg an  c u l tu r e  h as  been  r e p o r te d  

i n  r a b b i t  knee c a r t i l a g e  c u l t iv a t e d  i n  90% oxygen (49) and in  

human c a r t i l a g e  from  th e  fem ora l head  i n  95% oxygen ( 5 7 ) .  At 

t h i s  l e v e l  o f  oxygen, how ever, th r e e - q u a r t e r s  o f  th e  ch o n d ro cy tes  

in  th e  human c a r t i l a g e  were dead a f t e r  8 d ay s .

I  OBJECT OF EXPERIMENTS

I t  was d e c id e d  to  s tu d y  th e  e f f e c t  o f  h y p e ro x ia  on i s o l a t e d  

a r t i c u l a r  c a r t i l a g e ,  sy n o v ia l t i s s u e  and on th e  i n t e r a c t i o n  betw een 

th e  two d u r in g  c u l t i v a t i o n  in  o rgan  c u l tu r e .

I I  RESULTS

(a )  I s o l a t e d  A r t i c u l a r  C a r t i la g e

E x p la n ts  o f  c a r t i l a g e  w ere c u l tu r e d  in  20%, 55% o r  95% Og. A f te r  

10 d ay s , h i s t o l o g i c a l  ex am in a tio n  showed no s ig n  o f  d e p le t io n  o f
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e i t h e r  p ro te o g ly c a n  o r  c o lla g e n  in  th e  two h y p e ro x ic  groups a s  

compared w ith  t h e i r  p a i r e d  c o n t ro l s  i n  20% 0^ (T ab le  10, F ig . 2 5 ).

I n  some o f  th e  e x p la n ts  exposed to  95% 0^ , p y lo io tic  n u c le i  were 

p r e s e n t  among th e  s u p e r f i c i a l  c e l l s  i n  im m ediate c o n ta c t  w ith  

th e  a tm osphere , b u t  o th e rw ise  th e  c e l l s  o f  th e  h y p e ro x ic  c a r t i l a g e  

ap p ea red  v ia b le .

The cum u la tiv e  r e l e a s e  o f  p ro te o g ly c a n  in t o  th e  medium was 

s l i ^ t l y  low er i n  th e  h y p e ro x ic  g ro u p , b u t  t h i s  was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  and th e r e  was no r e le a s e  o f  h y d ro x y p ro lin e*  G o lla g en - 

o l y t i c  a c t i v i t y  was n o t  d e te c te d  (T ab le  1 1 ).

(b )  I s o l a t e d  Synovium

The sy n o v ia l e x p la n ts  t h a t  w ere m a in ta in e d  in  55% 0^ ap p ea red  

m a c ro sc o p ic a lly  s m a lle r  th a n  th e  c o n t ro ls  in  20% 0 ^ , b u t  no m icro­

s c o p ic  d i f f e r e n c e  cou ld  be se e n . I n  b o th  groups th e  c e l l s  were 

v ia b le  w ith  many in v a d in g  th e  M il l ip o re  s u b s t r a te  and m i to t i c  

f ig u r e s  w ere common.

A n a ly s is  o f  th e  u se d  medium (T ab le  11) showed s i g n i f i c a n t l y  

more p ro te o g ly c a n  and h y d ro x y p ro lin e  i n  th e  h y p e ro x ic  th a n  i n  th e  

c o n t ro l  c u l tu r e s .  L a te n t  c o lla g e n o  l y t i c  a c t i v i t y  was p r e s e n t  in  

th e  medium o f  b o th  h y p e ro x ic  and c o n tro l  c u l tu r e s ;  i t  was 36% 

h i ^ e r  in  th e  h y p e ro x ic  group*

(c )  C a r t i la g e  in  C o n ta c t w ith  Synovium

A f te r  10 d a y s ' c u l t i v a t i o n  i n  c o n ta c t  w ith  s y n o v ia l t i s s u e  

m etachrom asia  was o f te n  co m p le te ly  a b se n t in  b o th  th e  h y p e ro x ic  

(55% Og) and th e  c o n t ro l  e x p la n ts  (T ab le  12, F ig . 2 6 a ,b ) ,  b u t 

breakdown o f  c o l la g e n  was g r e a t e r  i n  th e  h y p e ro x ic  c a r t i l a g e  

(T ab le  1 2 ) . i n  s e c t io n s  s ta in e d  w ith  van  G ieson*s s t a i n  i t  was



N um ber
o f

e x p l a n t s
%

L o ss  o f  P r o t e o g ly c a n  
( T o lu id in e  b l u e )

o x y g en ++ +
+4* 4+ 4~t + — 0

12 20 2 4 6

12 55 5 9

9 95 3 6

D egree o f  d e p le t io n  a s  g rad ed  i n  T ab le  1

TABLE 10

EFFECT OF OXYGEN ON ISOLATED CARTILAGE IN

ORGAN CULTURE FOR 10 DAYS -  ANALYSIS OF HISTOLOGY
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Number
o f

e x p la n ts
%

oxygen

Loss o f  P ro te o g ly c a n  
(T o lu id in e  b lu e )

+4- +
4*4* 4*4* ++ +  — 0

Loss o f  C o llag en  
(van  G ieson)

4*4* +
4*4* 4*4* 4**1* + — 0

13 20 6 5 1 1 1 1 10 1

15 55 8 3 4 4 4 6 1

n o t  s i g n i f i c a n t *p < 0 .001

P a ire d  e x p ia n ts  a n a ly se d  by p a i r e d  *t*  t e s t

The d eg ree  o f  d e p le t io n  i s  a s  d e s c r ib e d  in  T ab le  1

TABLE 12

EFFECT OF OXYGEN ON CARTILAGE IN CONTACT WITH

SYN0VH3M IN CULTURE FOR 10 BAYS -  ANALYSIS OF HISTOLOGY



a) Isolated living cartilage ; 10 days culture in 35% Og.
No loss of metachromasia. ( 0; table lO ). Toi. blue. X u-o

b) Paired living cartilage explant ; 10 days culture in 20% 0,
No loss of metachromasia. ( 0; table lo ). Toi. blue. X



F i g .  2  6

a) Living cartilage on top of living synovial mince; 10 days 
culture in 55% 0.,. Complete loss of metachromasia. ( ++++; table 1% ) 
To]. blue. X 40*" .

b) Paired living cartilage on living synovium; 10 days culture in 
20% 0^. Complete loos of metachromasia. ( ++4+; table IH ).
Toi. blue. X 40 .

c) Lame explant ao in (a) under higher ma<;\nification showing Ions 
of collagen from the cartilage with viable chondrocyter;
ml - mitosis, van Gieson. X 250.

d) L.'imu nxplant an In (b) under higher magnification. No loss of 
collagen, van Gieson, X 250 ,
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seen  t h a t  th e  d e g ra d a tio n  o f  th e  c o lla g e n  began  a t  th e  m arg in  o f  

th e  a r t i c u l a r  zone, th e  s u r fa c e  o f  w hich was in  c o n ta c t  w ith  th e  

sy n o v ia l t i s s u e .  T here was c o n s id e ra b le  v a r i a t i o n  i n  th e  d eg ree  

o f  breakdown in  d i f f e r e n t  p a i r s  o f  e x p la n ts  and i n  some th e  m a tr ix  

had  a lm o s t d isa p p e a re d  i n  th e  specim ens c u l tu re d  i n  h ig h  oxygen 

(F ig .  2 6 c ,d ) .

The b io c h em ic a l f in d in g s  confirm ed  th e  h i s t o l o g i c a l  o b s e rv a t io n s .  

There was l i t t l e  d i f f e r e n c e  e i t h e r  i n  th e  amount o f  p ro te o g ly c a n  

l i b e r a t e d  by th e  two g roups a f t e r  10 days o r  i n  th e  p a t t e r n  o f  

i t s  r e le a s e  (F ig .  2 7 ) .  I n  th e  h y p e ro x ic  c u l tu r e s ,  how ever, th e  

c o l la g e n o ly t ic  a c t i v i t y  o f  th e  u se d  medium was ab o u t 50% h ig h e r  

th a n  t h a t  o f  th e  c o n t ro l s  and ab o u t 60% more h y d ro x y p ro lin e  was 

r e le a s e d  (T ab le  1 1 ).

( d )  C a r t i l a g e  S e p a r a t e d  fro m  Synovium

From th e  above r e s u l t s  i t  was n o t  c l e a r  w hether th e  h y p e ro x ia  

a c c e le r a te d  th e  breakdown o f  c a r t i l a g e  i n  c o n ta c t  w ith  synovium by 

en h an c in g  th e  d i r e c t  enzym atic  a c t io n  o f  th e  synovium on th e  c a r t i l a g e  

m a tr ix ,  by in c r e a s in g  i t s  i n d i r e c t  e f f e c t  m ed ia ted  t h r o u ^  th e  chon­

d ro c y te s  o r  by  s t im u la t in g  b o th  p ro c e s s e s .  The ex p erim en ts  were 

th e r e f o r e  re p e a te d  w ith  th e  c a r t i l a g e  and synovium grown on th e  

same M il l ip o re  b u t a t  a  d is ta n c e  from  each  o th e r ;  t h i s  system  would 

ex c lu d e  th e  d i r e c t  a c t io n  o f  th e  synovium , f o r  w hich c o n ta c t  betw een 

th e  two t i s s u e s  i s  r e q u i r e d .

H is to lo g ic a l  ex am in a tio n  o f  th e  c a r t i l a g e  e x p la n ts  a f t e r  10 days* 

in c u b a tio n  u n d e r  th e s e  c o n d i t io n s ,  showed t h a t  f a r  from  in c re a s in g  

th e  i n d i r e c t  a c t io n  o f  th e  synovium , th e  h y p e ro x ia  a c t u a l l y  d im in ish ed  

th e  lo s s  o f  b o th  m etach rom atio  m a te r ia l  and c o l la g e n  from  th e  m a tr ix  

(T ab le  15, F ig . 2 8 ) . The c a r t i l a g e  was p la c e d  on tlie  M il l ip o re  w ith



Number
o f

e x p lan ts
%

oxygen

Loss o f  p ro teo g ly can  
(T o lu id in e  b lu e )

++ +
+*!* ++ +4* + — 0

Loss o f  Collagen 
(van Gieson)

-H- +
++ 4*4* 4*4* + — 0

16 20 2 8 5 1 2 10 4

15 55 2 7 5 1 4 5 6

*p < 0 .0 0 5 P <0.001

* P a ire d  e x p ian ts  an aly sed  by p a ire d  *t* t e s t

The deg ree  o f  d e p le t io n  i s  a s  d e s c r ib e d  in  T ab le  1

TABLE 15

EFFECT OP OXYGEN ON CARTILAGE SEPARATED FROM SYNOVIUM

IN CULTURE FOR 10 DAYS -  ANALYSIS OF HISTOLOGY



F i g . 2 7

400

300
P flC P G /

m Linedium

200

100

4 102 6 8 12 14
days in culture

C um ulative r e l e a s e  o f  p ro te o g ly c a n  ( PG ) a f t e r  10 days in  c u l tu r e  

o f  p a i r e d  e x p la n ts  o f  l i v i n g  c a r t i l a g e  in  c o n ta c t  w ith  l i v i n g  

synovium : O O e x p la n ts  m a in ta in e d  in  0^ •

0 ---------#  e x p la n ts  m a in ta in e d  in  2C  ̂ 0^ . C urves r e p r e s e n t  th e

mean v a lu e s  from fo u r  p a i r e d  e x p la n ts .



I i g. 2 8

f - ;

. .  ^*:?f

a) Living cartilage separated from living synovialtissue; 10 days 
culture in 3^% 0^. Patchy loss of metachromasia above millipore
( 4 ; table 13 f . Toi. blue. X

b) Paired living cartilage separated from living synovium ; 10 days 
culture in 20% 0„. Extensive loss of metachromasia ( ++; table )
Toi. blue. X 40 .

c) Same explant as in (a) under higher magnification. Minimal 
depletion of collagen, van Gieson. X 250.

d) Same explant as in (b) under higher magnification. Loss of 
collagen with proliferation of the chondrocytes; mi = mitosis, 
van Gieson. X ISO.
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th e  a r t i c u l a r  s u r fa c e  upw ards; i n  th e  c o n tro ls  (2(% 0^) th e  a r e a  

im m ed ia te ly  above th e  M i l l ip o r e ,  w hich in c lu d e d  th e  c e l l s  o f  th e  

colum nar zone , showed d e p le t io n  o f  th e  m a tr ix  and th e  tra n s fo rm a tio n  

o f  th e  ch o n d ro cy tes  i n to  b a s o p h i l ic  c e l l s  o f  i r r e g u l a r  sh ap e , o f te n  

in  a c t iv e  m i to s is  ( ? i g .  2 8 d ). These changes, t h o u ^  n o t  e n t i r e l y  

su p p re s se d , w ere l e s s  o bv ious  in  th e  c u l tu r e s  exposed to  Og 

(F ig .  2 8 c ) .

B io c h e m ic a l  a s s a y  o f  t h e  u s e d  m edium  show ed t h a t  t h e  h y p e r o x ic  

t i s s u e s  r e l e a s e d  l e s s  p r o t e o g l y c a n  i n t o  th e  m edium  t h a n  th e  c o n t r o l s  

i n  2(% Og ( f a b l e  1 1 ) , V i r t u a l l y  a l l  o f  t h i s  m a t e r i a l  i s  d e r i v e d  

fro m  t h e  c a r t i l a g e ,  a s  t h e  sy n o v iu m  l i b e r a t e s  v e r y  l i t t l e  ( s e e  p .  6 $ ) .  

The h y d r o x y p r o l in e  i n  t h e  u s e d  m edium , w h ich  r e f l e c t s  t h e  b re a k d o w n  

o f  c o l l a g e n ,  comes f ro m  b o t h  t h e  c a r t i l a g e  a n d  t h e  sy n o v iu m  a n d  i n  

t h e s e  e x p e r im e n ts  i t  w as o n ly  2/% a b o v e  t h a t  i n  t h e  u s e d  c o n t r o l  

m edium , i n  c o n t r a s t  t o  a  d i f f e r e n c e  o f  60^  w hen t h e  tw o t i s s u e s  

w e re  i n  c o n t a c t .  The l a t e n t  c o l l a g e n o l y t i c  a c t i v i t y ,  w h ich  i s  

p ro d u c e d  e n t i r e l y  b y  t h e  s y n o v i a l  e x p l a n t ,  w as a b o u t  Q̂P/o h i ^ e r  

i n  t h e  h y p e r o x ic  g r o u p .

T h e se  r e s u l t s  im p ly  t h a t  t h e  i n c r e a s e d  b re ak d o w n  o f  c a r t i l a g e  

m a t r i x ,  in d u c e d  b y  h y p e r o x ia  (55% Og) w hen t h e  c a r t i l a g e  i s  i n  

c o n t a c t  w i th  t h e  s y n o v i a l  t i s s u e ,  i s  d u e  t o  a n  e n h a n c e m e n t o f  t h e  

d i r e c t  e n z y m a t ic  a c t i o n  o f  t h e  sy n o v iu m  on  th e  m a t r i x .  The r e l e a s e  

o f  p r o t e o g l y c a n  i s  u n a f f e c t e d  a n d  t h e  g r e a t e r  d e s t r u c t i o n  o f  t h e  

m a t r i x  i s  d u e  t o  a n  i n c r e a s e  i n  t h e  r e l e a s e  o f  c o l l a g e n o l y t i c  

a c t i v i t y  fro m  t h e  sy n o v iu m . T h is  i n c r e a s e d  b re a k d o w n  t a k e s  p l a c e  

d e s p i t e  i n h i b i t i o n  o f  t h e  c o l l a g e n o l y t i c  a c t i o n  o f  t h e  c h o n d r o c y te s .
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I I I  güMMAHY

1 . H yperox ia (55% and 95^0 n o t  induce breakdown o f  i s o l a t e d

a r t i c u l a r  c a r t i l a g e  from  th e  p ig .

2 . H yperox ia (55%) in c r e a s e s  th e  r e le a s e  o f  h y d ro x y p ro lin e ,

p ro te o g ly c a n  and c o l la g e n o ly t ic  a c t i v i t y  from  i s o l a t e d  

sy n o v ia l t i s s u e .

5 . H yperox ia  (55%) enhances th e  breakdown o f  c a r t i l a g e  by

sy n o v ia l m ince when th e  t i s s u e s  a re  in  co n tac t*

4* H yperox ia (55%) i n h i b i t s  th e  d e s t r u c t iv e  e f f e c t  o f  th e

synovium on th e  c a r t i l a g e  t h a t  i s  m ed ia ted  t h r o u ^  th e  

ch o n d ro c y te s .

IV GOHCLHSIQH

H yperox ia  does n o t  in d u ce  th e  breakdown o f  i s o l a t e d  p ig  

a r t i c u l a r  c a r t i l a g e ,  b u t  i t  h a s  a  d u a l e f f e c t  on th e  breakdow n 

in d u ced  by s y n o v ia l t i s s u e  by s t im u la t in g  th e  d i r e c t  e f f e c t  

w h ile  i n h i b i t i n g  th e  i n d i r e c t  e f f e c t .
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CHAPTER 8
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EFFECT OF MONONÏÏCIÆÂR LEUCOCYTES ON THE BREAKDOWN 

OF CARTILAGE IN CONTACT WITH SYNOVITM

A prom inen t f e a tu r e  o f  th e  synovium in  e ro s iv e  j o i n t  d is e a s e  

i s  th e  p re se n c e  o f  la rg e  numbers o f  c h ro n ic  in flam m ato ry  c e l l s  ( 5 ) .

I t  i s  n o t  known what r o l e ,  i f  any , th e y  p la y  in  th e  p a th o g e n e s is  

o f  th e  c a r t i l a g e  e ro s io n .

An e x p e rim e n ta l e ro s iv e  a r t h r i t i s  can be p roduced  in  r a b b i t s  

by  th e  i n t r a - a r t i c u l a r  i n j e c t i o n  o f  f a c to r s  from  a c t iv a t e d  lympho­

c y te s  ( 505) and p h y to h a em ag g lu tin in  (phA) h as  a  s im i la r  e f f e c t  (164)* 

PEA p red o m in an tly  s t im u la te s  T lym phocytes ($06) which th e n  r e le a s e  

lym phokines. These f a c t o r s  from  s tim u la te d  lym phocytes have been 

shown to  enhance th e  r e l e a s e  o f  c o lla g e n a se  ( 507) and ly sosom al 

enzymes (308) from m acrophages. They in c re a s e  th e  s e c r e t io n  o f  

c o lla g e n a se  by rh eu m ato id  s y n o v ia l c e l l s  (509) and th e y  ind u ce  th e  

breakdown o f  c a r t i l a g e  p ro te o g ly c a n  by  a  m onocyte-dependent mechanism 

( 310) ,  I t  h as  been  su g g e s te d  t h a t  th e  lym phocytes enhance th e  

d e s t r u c t io n  o f  c a r t i l a g e  by a t t r a c t i n g  m onocytes i n to  th e  rheum ato id  

synovium (511) b u t  o th e rs  have su g g es ted  t h a t  a  m arked lym phocy tic  

i n f i l t r a t i o n  i s  a s s o c ia te d  w ith  l e s s  j o i n t  damage ( 76 ) .

I  OBJECT OF EXPERIMENTS

The ex p erim en ts  d e s c r ib e d  in  t h i s  C hap ter w ere made to  s tu d y  

th e  in f lu e n c e  o f  m ononuclear le u c o c y te s  on th e  breakdown o f  a r t i c u l a r  

c a r t i l a g e  when i n  c o n ta c t  w ith  synovium . In  th e s e  ex p erim en ts  th e  

c u l tu r e  p e r io d  was red u ced  to  8 d ay s , norm al h e a t - in a c t iv a t e d  p ig  

serum was added to  th e  medium in s te a d  o f  r a b b i t  serum , and PHA 

was u sed  to  s t im u la te  th e  lym phocy tes.
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I I  KBSIJLTS

( a )  M o n o n u c le a r  L e u c o c y te s  fro m  P e r i p h e r a l  B lo o d

L eucocy tes added to  th e  o rgan  c u l tu r e  When added to  th e  medium in  

th e  c u l tu r e  d ish  b lo o d  le u c o c y te s  (5 % 10^ c e l l s )  enhanced th e  lo s s  

o f  p ro te o g ly c a n  from  a f f r o n te d  e x p la n ts  o f  c a r t i l a g e  and synovium . 

A f te r  8 days th e r e  was a lm o st t o t a l  lo s s  o f  m e tachrom atio  s t a i n in g  

from  th e  c a r t i l a g e  w ith  lym phocy tes, in  c o n t r a s t  to  c o n t ro l  c u l tu r e s ,  

d ev o id  o f  le u c o c y te s  in  w hich th e r e  was o n ly  p a r t i a l  d e p le t io n  o f  

th e  m a tr ix  (T ab le  14, F ig , 29) • A n a ly s is  o f  th e  u sed  medium i n d i ­

c a te d  more r e le a s e  from  th e  e x p la n ts  c u l tu r e d  w ith  le u c o c y te s  th a n  

from  t h e i r  p a i re d  c o n t ro ls  (F ig ,  50&),

M o n o cy te -d ep le ted  le u c o c y te s  added to  th e  o rgan  c u l tu r e  B lood mono­

n u c le a r  le u c o c y te s  a re  a  m ix tu re  o f  m onocytes and lym phocy tes. The 

ex p erim en ts  were re p e a te d  w ith  c e l l  p r e p a ra t io n s  from  b lo o d  th a t  had 

been  t r e a t e d  w ith  ca rb o n y l i r o n  and th e n  exposed to  a  m agnetic  f i e l d  

to  red u ce  th e  number o f  m onocytes. The e f f e c t iv e n e s s  o f  t h i s  

p ro ced u re  was a s s e s s e d  a t  th e  end o f  th e  c u l tu r e  p e r io d  by f ix in g  

and s t a in in g  th e  c e l l s  on th e  f l o o r  o f  th e  c u l tu r e  d is h .  I t  was 

f a i r l y  easy  to  see  w h e th e r o r  n o t  th e  m a c ro p h ag e-lik e  c e l l s  were 

p r e s e n t .  I n  two ex p erim en ts  ca rb o n y l i r o n  tre a tm e n t f a i l e d  to  

red u ce  th e  p o p u la tio n  o f  m acrophages v i s i b l e  on th e  f l o o r ;  th e se  

ex p erim en ts  were d is c a rd e d .  I n  o th e r  e x p e rim e n ts , how ever, ca rb o n y l 

i r o n  tre a tm e n t g r e a t ly  red u ced  th e  number o f  m acrophages; in  th e se  

c u l tu r e s  th e re  was no enhancem ent o f  th e  c a r t i l a g e  breakdown 

(T ab le  14, Fig* 51) and th e  e x p la n ts  w ere n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from th e  c o n t ro l  dev o id  o f  le u c o c y te s .  A n a ly s is  o f  

th e  medium from  p a ire d  e x p la n ts  showed t h a t  th e  r e le a s e  o f  p ro te o ­

g ly can  was l e s s  in  th e  m o n o c y te -d ep le ted  group (F ig .  5 0 b ).



5 X 10^ le u c o c y te s  
added to  c u l tu r e s

Number
o f

e x p la n ts

Loss o f  P ro te o g ly c a n  
( to lu id in e  b lu e )

-H- +
4-4" "H" ’t*+ "h — 0

C o n tro l 52 2 18 12

Blood le u c o c y te s 28 12 11 5 2

Lymph g la n d  
le u c o c y te s 12 2 5 5

Monocyte d e p le te d  
b lo o d  le u c o c y te s 20 2 5 6 6 1

Blood le u c o c y te s  
2 h r  p r e - in c u b a t io n  
w ith  PHA

8 4 2 2

Lymph g la n d  
le u c o c y te s  
2 h r  p r e - in c u b a t io n  
w ith  PHA

16 4 10 2

B lo o d  l e u c o c y t e s  v s  C o n t r o l  p <0.0001 ( s t u d e n t ' s  * t '  t e s t )  

B lo o d  l e u c o c y t e s  v s  M o n o cy te  d e p l e t e d  b lo o d  l e u c o c y t e s  p  <0,001 

D e g re e  o f  d e p l e t i o n  a s  i n  T a b le  1

TABLE 14

EFFECT OF BLOOD AND LYMPH GLAND MONONUCLEAR 

LEUCOCYTES ON THE LOSS OF PROTEOGLYCAN FROM 

CULTURES OF CARTILAGE IN CONTACT WITH SYNOVIUM 

FOR 6 DAYS IN CULTURE. ANALYSIS OF HISTOLOGY



a) Cartilage and synovium cultured in contact for 8 days in the 
presence of 3 x 10^ blood mononuclear leucocytes. Note extensive

loss of metachromasia. ( +++ ), Toi. blue, x 15 .
b) Paired explant of cartilage with synovium after 8 days in 
control medium. ( + ). Toi. blue, x 15 .

F i g . 3 1

a) Cartilage and synovium cultured in contact for 8 days in 
presence of 3 x 10^ monocyte«*depleted blood leucocytes. ( + 
Toi. blue. X 15 .
b) Paired explant of cartilage with synovium after 8 days in

the
).

culture with 
Toi. blue. X
F i g . 3 2

3 X 10' 
15

blood mononuclear leucocytes, ( +++ ).

a )  C a r t i l a g e  and s y n o v i u m  c u l t u r e d  i n  c o n t a c t  f o r  8  d a y s  in  
u s e d  medium from 48  h o u r  c u l t u r e s  o f  1 x l O V  ml b l o o d  
monor .u c le ar  l e u c o c y t e s .  ( + + + + ) .  T o i .  b l u e ,  x 15
b) P a i r e d  e x p i a n t  o f  c a r t i l a r e  w i t h  s y n o v iu m  a f t e r  8 d a y s  i-  
c o r : t r o l  medium.  ( + ) .  T o i .  b l u e ,  x 1*̂

the



F i g . 3 0

a

400

320

240

o. 160

d a y s  in c u l t u r e

40 0

320

240

160

1 0 .

d a y s  in c u l t u r e

a.
C um ulative  r e l e a s e  o f  p ro te o g ly c a n  a f t e r  8 days in  c u l tu r e  from 

p a i r e d  e x p ia n ts  o f  c a r t i l a g e  and synovium in  c o n ta c t :

-#  3 X 10^ b lo o d  m ononuclear le u c o c y te s  added to  th e  c u l tu r e s .

-O c o n t r o l  c u l tu r e s  w ith  no le u c o c y te s .

'  "  ’

C um ula tive  r e l e a s e  o f  p ro te o g ly c a n  a f t e r  8 days in  c u l tu r e  from

p a i r e d  e x p la n ts  o f  c a r t i l a g e  and synovium in  c o n ta c t :

O 3 X 10^ b lo o d  m ononuclear le u c o c y te s  added to  th e  c u l tu r e s .  
.6—O 3 X 10 m o n o c y te -d e p le te d  b lood  le u c o c y te s  added to  th e

c u l tu r e s .
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U sed medium from  le u c o c y te  c u l tu r e s  added to  th e  o rgan  c u l tu r e  In  one 

exp erim en t b lo o d  le u c o c y te s  w ere added e i t h e r  on to p  o f  th e  synovium 

o r  d i r e c t l y  i n to  th e  medium. The e x te n t  o f  breakdown was th e  same 

in  each  group s u g g e s tin g  t h a t  th e  e f f e c t  o f  th e  le u c o c y te s  was due 

to  an a l t e r a t i o n  in  th e  c u l tu r e  medium and n o t  to  a  d i r e c t  a c t io n  

on th e  sy n o v ia l c e l ls *

A s e r i e s  o f  ex p erim en ts  was made to  examine th e  e f f e c t  o f  u sed  

medium d eca n ted  from  48 h o u r  c u l tu r e s  o f  b lo o d  le u c o c y te s  on 

c a r t i l a g e  and synovium i n  c o n ta c t  (T ab le  15» P ig .  3 2 ) . The u sed  

medium from  th e  le u c o c y te s  cau sed  an  in c re a s e d  breakdown o f  th e  

c a r t i l a g e .

(b) Mononuclear Leucocytes from Lymph Glands

The r e s u l t s  so f a r  have f a i l e d  to  dem onstrate any e f f e c t  o f  the  

p e r ip h e ra l  blood lymphocytes* The experim ents w e re .rep e a ted , th e re fo re ,  

w ith  leu co cy te s  from a d i f f e r e n t  source (m esen te ric  lymph g land) to  

see i f  t h i s  made any d if f e r e n c e .

L eucocy tes added to  th e  o rgan  c u l tu r e  When th e  ex p erim en ts  w ere re p e a te d  

w ith  lymph g la n d  le u c o c y te s  no e f f e c t  co u ld  be seen  (T ab le  14) and 

th e  p re se n c e  o f  th e se  c e l l s  f a i l e d  to  enhance th e  breakdown o f  

c a r t i l a g e  i n  c o n ta c t  w ith  synovium .

ITsed medium from  le u c o c y te  c u l tu r e s  added to  th e  o rgan  c u l tu r e s  A 

s e r i e s  o f  ex p erim en ts  was made to  exam ine th e  e f f e c t  o f  medium from  

48 h o u r c u l tu r e s  o f  le u c o c y te s  (T ab le  1 5 ). A gain th e  lymph g lan d  

le u c o c y te s  f a i l e d  to  a l t e r  th e  breakdow n o f  th e  c a r t i l a g e  by th e  

synovium .

(c ) E f fe c t  o f  PHA on th e  Leucocytes, C a r tila g e  and Synovium

The r e s u l t s  re p o r te d  in  the  p rev io u s  Sec t i e r s  dem onstrated th a t  

blood monocytes a f f e c t  c a r t i la g e  and synovium in  c u l tu re ,  b u t f a i l e d



U sed c u l tu r e  
medium

Number
o f

e x p la n ts

Loss o f  P ro te o g ly c a n  
( to l u id in e  b lu e )

+4" 4~V* 4*4* 4* — 0

C o n tro l 31 8 18 5

B lood le u c o c y te s 16 Î  6 3

Lymph g la n d  
le u c o c y te s 8 2 6

B lood le u c o c y te s  
2 h r  p r e - in c u b a t io n  
w ith  PHA

40 21 12 5 2

Lymih g la n d  
2 h r  p r e - in c u b a t io n  
w ith  PHA

28 1 5 19 3

TABLE 15

EPPBCT OP USED MEDIUM PROM 48 HOUR CULTURES OF 

BLOOD m P  L W H  QïMH LEUCOCYTES QM LOSS OF 

PROTEOGLYCAN FROM OULTUKES OF CARTILAGE IE 

CONTACT WITH SyNOVIDM FOR 8 DAYS IN GULTtTHB. 

ANALYSIS OF HISTOLOGY
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to  show any d e s t r u c t iv e  r o l e  f o r  b lo o d  lym phocytes o r  lymph g lan d  

le u c o c y te s#  The ex p erim en ts  were r e p e a te d  a f t e r  t r e a t i n g  th e  

le u c o c y te s  w ith  PHA to  see  w h e th e r o r  n o t  a c t iv a t e d  lym phocytes 

had  an e f f e c t  on th e  breakdown o f  th e  m atrix#

PHA and lymph g lan d  le u c o c y te s  in  th e  o rgan  c u l tu r e  I n  one group

e x p la n ts  o f  c a r t i l a g e  and synovium w ere c u l tu re d  f o r  48 h o u rs  in  

th e  p re sen ce  o f  lymph g la n d  le u c o c y te s  in  medium c o n ta in in g  PHA; 

c o n t ro l s  w ere grown i n  medium w ith  PHA b u t w ith o u t le u c o c y te s .

A f te r  8 days h i s t o l o g i c a l  ex am in a tio n  showed th a t  c a r t i l a g e  in

c o n ta c t  w ith  synovium c u l tu r e d  w ith  le u c o c y te s  p lu s  PHA had  l o s t

much more m e tachrom atio  m a te r ia l  and had r e le a s e d  more p ro te o g ly c a n  

in t o  th e  medium th a n  th e  c o n t ro l s  c u l tu re d  w ith  PHA a lo n e  (T ab le  16, 

P ig s . 3 3 ,3 4 ).

PHA a lo n e  i n  th e  o rgan  c u l tu r e  PHA i t s e l f  had  an  e f f e c t  on th e  

c a r t i l a g e  and  sy n o v ia l e x p la n ts  and when added to  th e  c u l tu r e  medium 

i t  caused  more d e g ra d a tio n  o f  th e  m a tr ix  th a n  i n  p a i r e d  c o n t ro ls  

(P ig .  3 5 ) .

p r e - in c u b a t io n  o f  le u c o c y te s  w ith  PHA I n  o rd e r  to  m in im ise th e  e f f e c t  

o f  PHA on th e  c a r t i l a g e  and synovium  th e  ex p erim en ts  were re p e a te d  

w ith  b lo o d  and lymph g la n d  le u c o c y te s  w hich had  been  p re - in c u b a te d  

w ith  PHA f o r  2 hours#  O th e r work su g g e s te d  t h a t  lym phocytes can be 

a c t iv a t e d  by exposure to  PHA f o r  t h i s  le n g th  o f  tim e (312)#

A f te r  t h e i r  2 h o u r  in c u b a tio n  w ith  PHA th e  le u c o c y te s  were washed 

and th e n  e i t h e r  added to  o rgan  c u l tu r e s  o r  c u l tu r e d  s e p a r a te ly .  When 

added d i r e c t l y  to  th e  c u l tu r e s  n e i t h e r  b lo o d  n o r  lymph g lan d  le u c o c y te s  

had  any e f f e c t  on th e  breakdown o f  th e  m a tr ix  as compared w ith  c o n t ro l s  

to  w hich u n t r e a te d  le u c o c y te s  had  been  added (T ab le  1 4 ) . In  o th e r



3 X 1 0 ^  l e u c o c y t e s  
a d d e d  t o  c u l t u r e s

N um ber
o f

e x p l a n t s

L o ss  o f  p r o t e o g l y c a n  
( t o l u i d i n e  b l u e )

++ +
4*4* 4*4* 4* — 0

Lymph g la n d  
l e u c o c y t e s

16 4 4 8

C o n t r o l  (+  PEA) 16 2 2 11 1

Lymph g la n d  l e u c o c y t e s v s  C o n t r o l p  < 0 .0 0 1

( s t u d e n t  * s  * t  * t e s t )

TABLE 16

EFFECT OF LYMPH GLAND LEUCOCYTES ON THE LOSS

OF PROTEOGLYCAN FROM CULTURES OF CARTILAGE IN 

CONTACT WITH SYNOYIHM MAINTAINED FOR 8 DAYS IN 

CULTURE WITH PHA FOR THE FIRST 2 DAYS



i'ig.33

a) Cartilage and synovium cultured in contact for 8 days in the 
presence of 3 x 10*̂  lymph gland leucocytes with phytohaemagglutinin 
for the first 2 days. ( +++ ). Toi. blue, x 15
b) Paired explant of cartilage with synovium after 8 days in 
culture with phytohaemagglutinin for the first 2 days. ( + ).
Toi. blue. X 15

a) Cartilage and synovium cultured in contact for 8 days with 
phytohaemagglutinin in the medium for the first 2 days. ( ++ ) 
Toi. blue. X 15
b) Paired explant of cartilage with synovium after 8 days in 
control medium. ( + ). Toi. blue, x 15
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Id a y s  in c u l t u r e

C um ulative r e l e a s e  o f  p ro te o g ly c a n  a f t e r  8 days in  c u l tu r e  from 

p a i r e d  e x p la n ts  o f  c a r t i l a g e  and synovium in  c o n ta c t  in  th e  p re se n c e  

o f  p h y to h a e m a g g lu tin in  f o r  th e  f i r s t  2 days :

# ------- •  3 X 10^ lymph g la n d  le u c o c y te s  added to  th e  c u l tu r e s ,

O-------O c o n t r o l  c u l tu r e s  w ith  no le u c o c y te s .
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ex p erim en ts  th e  t\fo so u rc e s  o f  le u c o c y te s  were c u l tu r e d  f o r  48 h o u rs  

and th e  c a r t i l a g e  and synovium were m a in ta in ed  in  th e  u se d  medium

f o r  8 d ay s; th e re  was s t i l l  no enhanced hrealcdo'i-m due to  th e  PHA

(T able 1 $ ),

I I I  SUMMARY

L eucocy tes have th e  fo llo w in g  e f f e c t s  on th e  breakdown o f  p ig  

c a r t i l a g e  grown f o r  8 days i n  c o n ta c t  w ith  synovium;

1 . B lood m ononuclear le u c o c y te s  enhance th e  lo s s  o f  c a r t i l a g e  

p ro te o g ly c a n .

2 . M o n o cy te-dep le ted  b lo o d  le u c o c y te s  have no e f f e c t .

3 . The e f f e c t  o f  th e  b lo o d  m ononuclear le u c o c y te s  i s  due to  

an a l t e r a t i o n  in  th e  c u l tu r e  medium,

4* Lymph g la n d  le u c o c y te s  have no e f f e c t ,

5# Lymph g la n d  le u c o c y te s  exposed to  PHA f o r  48 h o u rs  in c re a s e

th e  lo s s  o f  p ro te o g ly c a n ,

6 , Two h o u r  exposure  o f  b lo o d  o r  lymph g lan d  le u c o c y te s  to  PHA

does n o t  enhance th e  breakdown o f  m a tr ix .

IV CQMGLÏÏSIOH

P e r ip h e r a l  b lo o d  m ononuclear le u c o c y te s ,  PHA s tim u la te d  lymph 

g la n d  le u c o c y te s ,  and pHA can a l l  enhance th e  breakdown o f  c a r t i l a g e  

when i n  c o n ta c t  w ith  synovium . The e f f e c t  o f  th e  p e r ip h e r a l  b lo o d 's  

c e l l s  i s  monocyte d ep en d e n t.
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CHAPTER 9
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BFEBCT OF SÏHOVIAL TISSUE OH THE ÏÏPTAKE OF 

IHTO CARTILAGE

One o f  th e  e a r l i e r  ex p erim en ts  ( p ig ,  5) su g g e s te d  t h a t  th e  

synovium n o t o n ly  caused  th e  breakdown o f  th e  e x i s t i n g  m a tr ix  b u t 

a l s o  i n h i b i t e d  th e  s y n th e s is  o f  new p ro te o g ly c a n . I t  was found 

t h a t  i s o l a t e d  l i v i n g  c a r t i l a g e ,  w h ile  r e t a i n i n g  i t s  m e tach rom asia , 

r e le a s e d  much more p ro te o g ly c a n  in to  th e  medium th a n  i s o l a t e d  dead 

c a r t i l a g e  ( p ig .  3 a ) ;  t h i s  im p lie d  t h a t  new p ro te o g ly c a n  was b e in g  

s y n th e s is e d  by th e  l i v i n g  c h o n d ro c y te s , When such e x p la n ts  were 

grown in  c o n ta c t  w ith  s y n o v ia l  t i s s u e ,  b o th  th e  l i v i n g  and dead 

frag m en ts  l o s t  t h e i r  m etach ro m asia , and b o th  shed v i r t u a l l y  th e  

same amount o f  p ro te o g ly c a n  in to  th e  medium (P ig ,  3 c ) ;  t h i s  

su g g e s te d  t h a t  th e  synovium was i n h i b i t i n g  th e  l i v i n g  ch o n d ro cy tes  

from  fo rm ing  new p ro te o g ly c a n .

I  OBJECT OP EXPERIWTS

E xperim en ts  w ere made to  in v e s t ig a t e  th e  r a t e  o f  s y n th e s is  o f  

p ro te o g ly c a n  by s tu d y in g  th e  uptalce o f  r a d io - a c t iv e  s u lp h a te  (^^SO^) 

by a r t i c u l a r  c a r t i l a g e  a f t e r  c u l t i v a t i o n  w ith  and w ith o u t synovium ,

I I  RESULTS

( a )  U ptake o f  ^^8 I n to  I s o l a t e d  C a r t i la g e

Com parison o f  p a i r e d  e x p la n ts  S in ce  th e  e f f e c t s  o f  d i f f e r e n t  e x p e r i­

m en ta l c o n d it io n s  w ere alw ays compared on p a i r e d  e x p la n ts ,  i t  was 

im p o rta n t to  t e s t  th e  r e l i a b i l i t y  o f  t h i s  p ro c e d u re .
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The u p ta k e  o f  SO^ by  p a i r e d  e x p la n ts ,  each  p a i r  talcen from  

th e  same s t r i p  o f  c a r t i l a g e ,  was m easured u n d e r fo u r  d i f f e r e n t  

l a b e l l i n g  c o n d it io n s  (T ab le  1 7 ) . T here was no s i g n i f i c a n t  d i f f ­

e ren c e  betw een th e  means o f  th e  p a i r s  in  any o f  th e  g ro u p s . On th e  

o th e r  hand i n  each  group th e r e  was wide v a r i a t i o n  in  b o th  th e  u p ta k e  

o f  ^^SO^ ( f o u r - f o ld )  and th e  w et w e ig h ts  (ran g e  o f  3-19 mg) o f  

e x p la n ts  from  d i f f e r e n t  t r o t t e r s ;  th e re  was no c o r r e l a t i o n  betw een 

uptalce and w et w e ig h t,

i n  p a i re d  e x p la n ts  c u l tu r e d  f o r  8 days and  exposed  e i t h e r  to  

1 ,0  juCi SO^/ml f o r  "the l a s t  48 h o u rs  o f  th e  c u l tu r e  p e r io d  (4  p a i r s )  

o r  to  10 ixCi ^^SO^/ml f o r  th e  f i n a l  2 h o u rs  (8  p a i r s ) ,  th e  i n t e n s i t y  

and d i s t r i b u t i o n  o f  th e  a u to ra d io  g raph  were s im i la r  i n  b o th  members 

o f  a  p a i r .  The a u to ra d io g ra p h  was w eakest o v e r th e  a r t i c u l a r  zone 1 , 

in c re a s e d  o v e r  zone 2 and su d d en ly  became v e ry  in te n s e  o v e r th e  b o rd e r  

betw een zones 2 and  3 (F ig ,  3 7 a ) . i t  d e c l in e d  o v e r th e  d e e p e r , h y p e r­

t r o p h ic  c e l l s  o f  zone 3* The u p ta k e  was m ain ly  o v e r th e  c e l l s  b u t 

e s p e c i a l l y  i n  th e  e x p la n ts  exposed  f o r  48 h o u rs , t l ie re  was a ls o  a  

d i f f u s e  d e p o s i t  o f  s i l v e r  o v e r  th e  m a tr ix .  T here was some v a r i a t i o n

in  th e  am ounts o f  zones 2 and 3 in c lu d e d  in  th e  two e x p la n ts  o f  a  p a i r ,

35and s in c e  th e  in c o rp o ra t io n  o f  S d i f f e r s  a t  d i f f e r e n t  l e v e l s  i n  th e  

c a r t i l a g e ,  t h i s  p ro b a b ly  acco u n ted  f o r  some s c a t t e r  i n  th e  b io c h e m ic a l 

a s s a y .

E x p la n ts  c u l tu r e d  (a )  i n  r e v e r s e  o r i e n t a t i o n  and (b ) im mersed in  medium

(a )  To f in d  w hether th e  amount and p a t t e r n  o f  u p ta k e  o f  was

a f f e c te d  by th e  o r i e n t a t i o n  o f  th e  c a r t i l a g e  on th e  g r id ,  p a i re d  

e x p la n ts  were p re p a re d  in  w hich one member o f  each  p a i r  was p la c e d  

w ith  th e  a r t i c u l a r  s u r fa c e  upw ards in  th e  u s u a l  way and th e  o th e r  

w ith  t h i s  s u r fa c e  dom i^ard s; th e y  were in c u b a te d  f o r  24 h o u rs  in
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H is to g ra m  s h o w in g  i n h i b i t i o n  by  s y n o v i a l  t i s s u e  o f  u p ta k e  

o f  i n t o  c a r t i l a g e  p r o t e o g l y c a n  ( CFG ) u n d e r  f o u r  d i f f e r e n t  

l a b e l l i n g  c o n d i t i o n s ;  b a r s  r e p r e s e n t  s t a n d a r d  e r r o r  o f  t h e  m ean .

I  c u l t u r e  p e r i o d :  24  h r s  w i th  1 p C i ^^S O ^/m l f o r  2 4  h r s

I I  c u l t u r e  p e r i o d :  48 h r s  w i th  1 pC i ^^S O ^/m l f o r  48 h r s

I I I  c u l t u r e  p e r i o d :  8 d a y s  w i th  1 pC i f o r  l a s t  48 h r s

IV c u l t u r e  p e r i o d :  8 d a y s  w i th  10 p C i ^^SOj^/m l f o r  l a s t  2 h r s

T h e re  w e re  f o u r  d i f f e r e n t  c u l t u r e  c o n d i t i o n s : -

a .  t e s t  e x p l a n t :  i s o l a t e d  c a r t i l a g e ,  

c o n t r o l  e x p l a n t :  p a i r e d  i s o l a t e d  c a r t i l a g e .

b .  t e s t  e x p l a n t :  c a r t i l a g e  i n  c o n t a c t  w i th  s y n o v i a l  t i s s u e ,  

c o n t r o l  e x p l a n t :  p a i r e d  i s o l a t e d  c a r t i l a g e .

c .  t e s t  e x p l a n t :  d e a d  c a r t i l a g e .

c o n t r o l  e x p l a n t ;  p a i r e d  l i v i n g  i s o l a t e d  c a r t i l a g e .

d .  t e s t  e x p l a n t :  c a r t i l a g e  s e p a r a t e d  from  s y n o v i a l  t i s s u e ,  

c o n t r o l  e x p l a n t :  p a i r e d  i s o l a t e d  c a r t i l a g e .



( i g . 3 7

Paired cartilage explants incubated for 2 days in medium containing 
1 pCi per ml.
a) Living explant; intense uptake except in a dead corner, x 100.
b) Dead explant; no uptake. Carazzi's haematoxytin. x 100.

F i g . 3 8

%

Paired cartilage explants incubated for 8 days in normal medium 
plus 2 hrs with 10 pCi per ml.
a) Isolated cartilage, x 100.
b) Cartilage in contact with synovial tissue (S), x 100
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medium c o n ta in in g  1 ,0  jiO i 80^ /m l. The o r i e n t a t i o n  had no obv ious 

e f f e c t  on e i t h e r  th e  amount (T ab le  17) o r  p a t t e r n  o f  u p ta k e ,

(b ) E x p la n ts  p la c e d  on th e  s u r fa c e  o f  th e  g r id  a re  covered  by  o n ly  

a  th i n  l a y e r  o f  f l u i d .  To f in d  w h eth er t o t a l  im m ersion o f  th e  

c a r t i l a g e  would in c re a s e  o r  a l t e r  th e  p a t t e r n  o f  i t s  up ta lce, one 

o f  each  p a i r  o f  e x p la n ts  was p la c e d  a r t i c u l a r  s u r fa c e  upw ards on 

th e  to p  o f  th e  g r id  and th e  o th e r ,  w ith  th e  same o r i e n t a t i o n ,  was 

c o m p le te ly  submerged in  th e  medium w hich c o n ta in e d  1 ,uCi 80^,

A f te r  24 hour* s in c u b a t io n ,  th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  

in  e i t h e r  th e  u p ta k e  (T ab le  17) o r  p a t t e r n  o f  u p ta k e  betw een th e  

two s e t s  o f  e x p la n ts .

From th e se  r e s u l t s  i t  was concluded  th a t  th e  amount and p a t t e r n  

o f  u p ta k e  was d e te rm in e d  by th e  i n t r i n s i c  a c t i v i t y  o f  th e  ch o n d ro cy tes  

in  th e  d i f f e r e n t  zones o f  th e  c a r t i l a g e .

Comparison o f  l i v i n g  and dead c a r t i l a g e  p a i r e d  l i v i n g  and dead

e x p la n ts  were in c u b a te d  f o r  48 h o u rs  in  medium c o n ta in in g  1 ,0  juCi 

35 ISO^/ml, No u p ta k e  co u ld  be d em o n stra ted  in  th e  dead  e x p la n ts  

by e i t h e r  b io c h em ic a l a s s a y  (T ab le  17, F ig . 36b) o r  a u to ra d io g ra p h y  

(F ig .  3 7 ) .

(b ) The E f f e c t  o f  S y n o v ia l T iss u e  on th e  Uptalce o f  ^^80^

p a i r e d  e x p la n ts  w ith  and w ith o u t sy n o v ia l t i s s u e  were c u l t iv a t e d

35f o r  d i f f e r e n t  p e r io d s  and exposed to  e i t h e r  I.O ju C i 80^ f o r  24 o r

48 h o u rs ,  o r  to  lO juO i ^^SO^/ml f o r  2 h o u rs .

P a ir e d  c a r t i l a g e  e x p la n ts ,  one o f  each  p a i r  b e in g  grown in

c o n ta c t  w ith  synovium and th e  o th e r  i n  i s o l a t i o n ,  w ere c u l tu r e d  i n

35medium c o n ta in in g  1 aî-Gî  SO^/ml; b io c h em ic a l a s sa y  (T ab le  18,

F ig .  36) showed t h a t  th e  sy n o v ia l t i s s u e  s tro n g ly  i n h i b i t e d  th e
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35i n c o r p o r a t i o n  o f  SO^ by t h e  c a r t i l a g e .  A f t e r  o n ly  24 h o u r s  t h e

mean uptalce by th e  c a r t i l a g e  in  c o n ta c t  w ith  synovium was red u ced

to  85% o f  t h a t  o f  th e  i s o l a t e d  c o n t ro l  (F ig , 3 6 l ) ,  a f t e r  48 h o u rs

to  75% (F ig ,  5611) ,  and by  8 days to  o n ly  25% (F ig , 56111) ,  S ince

35i t  was p o s s ib le  t h a t  th e  ch o n d ro cy tes  were in c o rp o ra t in g  SO^ a t

th e  norm al r a t e  and t h a t  th e  s y n o v ia l t i s s u e  was c a u s in g  i t s  r e le a s e

from  th e  c a r t i l a g e  d u r in g  th e  lo n g  l a b e l l i n g  p e r io d ,  th e  exp erim en t

35was re p e a te d  w ith  ex posu re  to  10 jaCi 80^ f o r  o n ly  2 h o u rs  to  

red u ce  any e r r o r  due to  lo s s  o f  p ro te o g ly c a n  d u r in g  th e  l a b e l l i n g  

p e r io d .  E x a c tly  th e  same in l i ib i to r y  e f f e c t  was o b ta in e d  (T ab le  18, 

F ig .  36IV ).

A no ther s e r i e s  o f  e x p la n ts  from  th e  same ex p erim en ts  was f ix e d

f o r  a u to ra d io g ra p h y . The p r e p a ra t io n s  showed t h a t  a t  24 h o u rs

(8 p a i r s ;  I .O y -C i ^^SO^/ml f o r  24 h o u rs )  th e  ch o n d ro cy tes  n e a r

th e  ju n c t io n  w ith  th e  synovium had  talcen up l e s s  th a n  com parable

c e l l s  i n  t h e i r  i s o l a t e d  c o n t r o l s ;  in  s e c t io n s  s ta in e d  w ith  to lu id in e

b lu e ,  a  narrow  re g io n  o f  non-me t a  ch ro m atic  m a tr ix  had  ap p ea red  a t

th e  same s i t e ,  i n d i c a t i n g  th a t  d e p le t io n  o f  th e  e x i s t i n g  m a tr ix  had

b e g u n . A f t e r  48 h o u r s ,  (8  p a i r s ;  1 ,0  jrC i ^^SO^/ml f o r  48 h o u r s )

b o th  d e c l in e  i n  u p ta k e  and d e p le t io n  o f  p ro te o g ly c a n  had  sp re a d

o v e r a  w id e r a r e a .  A f te r  8 days (8  p a i r s ;  I .O ju C i ^^SO^/ml f o r

48 h o u rs ;  8 p a i r s  10 n C i ^^SO^/ml f o r  2 h o u rs )  th e  m etachrom asia

was f u r t h e r  red u ced  e s p e c i a l l y  in  th e  p ro x im al p a r t  o f  th e  e x p la n ts

(F ig ,  38) ;  i n  th e  d i s t a l  p o r t io n  th e  in n e r  c e l l s  som etim es co n tin u ed

to  g iv e  a  f a i r l y  in te n s e  u p ta k e  though l e s s  th a n  in  th e  c o n t r o l s ,

35b u t e lsew h ere  th e  in c o rp o r a t io n  o f  SO^ was v e ry  weak.

Even when th e  c a r t i l a g e  was e x p la n te d  on th e  same g r id  b u t a t  

a  d is ta n c e  from  th e  s y n o v ia l t i s s u e ,  b io c h em ic a l a s s a y  d em o n stra ted
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a  g r e a t  re d u c t io n  in  uptalce a f t e r  8 days (T ab le  18; F ig .  $6) as

compared w ith  i s o l a t e d  p a ire d  c o n t r o l s .  T h is  d i f f e r e n c e  was confirm ed

by a u to ra d io g ra p h y  (F ig ,  39) (2 p a i r s ;  10 p.Ci 80^/m l f o r  2 h r s ;

4 p a i r s ;  1 .0  y C i ^^SO^/ral f o r  2 d a y s ) .

In  many e x p la n ts  grown f o r  8 days e i t h e r  i n  c o n ta c t  w ith  o r  a t  a

d is ta n c e  from th e  s y n o v ia l t i s s u e ,  a  re g io n  im m ed ia te ly  above th e  c u t

su r fa c e  became d e p le te d  o f  b o th  p ro te o g ly c a n  and c o lla g e n  (F ig*  39f)«

As soon a s  brealcdown o f  th e  c o l la g e n  ap p ea red , th e  ch o n d ro cy tes  began

to  m u l t ip ly  to  form  c l u s t e r s .  Some o f  th e se  g roups r e d i f f e r e n t i a t e d ,

s e c r e te d  new m etach ro m atic  m a tr ix  and gave a  s t r o n g  a u to ra d io g ra p h  

35w ith  SO^ (F ig . 4 0 ) , O ther a d ja c e n t  groups d is p la y e d  much l e s s  

u p ta k e  and a s  d e s t r u c t io n  o f  th e  c o l la g e n  p ro g re s se d  th e y  assumed a  

f i b r o b l a s t i c  form . D e sp ite  th e  p re sen ce  o f  synovium , e m ig ra te d  chon­

d ro c y te s  o f te n  p r o l i f e r a t e d  and form ed new p ro te o g ly c a n  below  th e  c u t 

s u r fa c e  (F ig .  3 9 c , f ) .

( c )  The R ecovery o f  C a r t i la g e  E x p ia n ts  A f te r  Removal o f  th e  S y n o v ia l 

T issu e

S u lp h a te -u p ta lce  E xperim en ts  w ere made to  f in d  w h eth er a r t i c u l a r  c a r t ­

i l a g e  c u l t iv a t e d  i n  th e  same d is h  a s  b u t  n o t  in  c o n ta c t  w ith  s y n o v ia l

35t i s s u e  w ould re c o v e r  i t s  c a p a c i ty  to  in c o rp o ra te  80^ i f  i t  were

t r a n s f e r r e d  to  medium w ith o u t synovium . S e ts  o f  p a i r e d  e x p la n ts

were c u l t iv a t e d  a c c o rd in g  to  th e  scheme shown i n  T ab le  19. I t  w i l l

35be seen  t h a t  in  a l l  4 groups th e  uptalce o f  80^ was c o n s id e ra b ly  

g r e a t e r  in  th e  c a r t i l a g e  t h a t  had  been  c u l tu r e d  f o r  8 days in  th e  

p re sen ce  o f  sy n o v ia l t i s s u e  and th e n  m a in ta in e d  f o r  4 days w ith o u t 

synovium , th a n  in  th e  v a r io u s  c o n t ro l s  (T ab le 1 9 ) . T h is  was even 

t r u e  o f  th e  ex p erim en ts  o f  group 3 where th e  p a i r e d  c o n t ro l s  had 

been  grown i n  i s o l a t i o n  f o r  12 d a y s .

An e q u a l number o f  p a i r s  f o r  the  4 g roups w ere f ix e d  f o r  a u to ­

ra d io g ra p h y  (F ig . 4 1 ) .  I n  groups 1 , 2 and 4 th e r e  was com plete 

co rrespondence  betw een th e  a u to ra d io g ra p h s  and th e  b io c h em ic a l



A

H
O

*

§
Ü

1
«HI
rHI
O

1

I
-P
m
<uE4

Q)

4-3 .H

s i
Ü

Q)

s ^ ' i '« A

o  §
4» *H

t %
o

8fl 44a o B
d
P<

I

irv irv
v~ O o
O O o o
O O o o

V \/ V

lT\

K \

rf\
+

CVJ

a a to fdP w 0)•H tA ■H P> (d 4d do Td o rHd d CM O
^ c o WCO'—' CO M

VOCO

> w

I I

O ' — '
Î2Î

F5 w
■p! S’
O  fCJ

^GO CO—^

CO

o \
CM
O

CO

ir\
+

VOCO
c—

S )  M

S ’■H 'U
U CM cd f- O V—•

CO

CM KV

3
CM

CM

I
00CO

VOCO

.00

- p
w
Û)

• p

-p

i
xii

ndI
Oo

:—II
O

t
0)

p

B

§

I
mrQ
<u
0

1
o

44
O

OV

g

B



m

Paired cartilage explants grown for 8 days in normal medium plus 
2 hrs with 10 pCi per ml.
a) Isolated cartilage; note 3 zones of uptake, x 40.
b) High power of marked area in (a), x 230.
c) Cartilage separated from synovium; the cut surface is partly 

covered by emigrated cells which give an intense uptake, x 40.
d) High power of marked area in (c). x 230.
e) Isolated cartilage as in (a). Toi. blue, x 40.
f) Cartilage separated from synovium as in (c). Toi. blue, x 40.
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Islets of cells in cartilage grown in contact with synovium for 
8 days and exposed to 10 pCi '̂’SO^ per ml for 2 hrs. Some islets 
display an intense uptake while others very little. Carazzi's 
haematoxylin. x 400.

F i g . 4 1

a

%
Z  ^

b

#

S  #

A %

a) Cartilage explant grown for 8 days in the presence of but not in 
contact with synovial tissue plus 2 hrs with 10 pCi ^^SO^ per ml. 
Carazzi's haematoxylin. x 230.
b) Paired explant cultivated for 8 days with synovium fellowdd by 
4 days in isolation plus 2 hrs with 10 pCi ^^80^ per ml.
Carazzi's haematoxylin. x 230.
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( a )  C u m u la t iv e  r e l e a s e  o f  CPG i n t o  t h e  m edium . E ac h  c u r v e  i s  t h e  m ean o f

4 e x p e r im e n t s .  The b a r s  r e p r e s e n t  t h e  S .E .M . O  ' • #  c a r t i l a g e  g row n

i n  t h e  p r e s e n c e  o f  sy n o v iu m  f o r  8 d a y s  a n d  i n  i s o l a t i o n  f o r  a  f u r t h e r

4 d a y s  ( T e s t  g r o u p ) ;  O----- O p a i r e d  e x p l a n t s  c u l t u r e d  i n  t h e  p r e s e n c e

o f  sy n o v iu m  f o r  12  d a y s  ( C o n t r o l  g r o u p ) .

( b )  H is to g ra m  o f  r e l e a s e  o f  CPG i n t o  th e  medium a t  2 d ay  i n t e r v a l s .  The

r e l e a s e  from  t h e  t e s t  g ro u p  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  r e l e a s e  

from  t h e  c o n t r o l  g r o u p .  N o te  s i g n i f i c a n t  r e d u c t i o n  i n  th e  l o s s  o f  CPG 

w hen t h e  s y n o v i a l  t i s s u e  i s  re m o v e d .

F i g . 4 3

a h

200

150

200

. 160

jjg  CPG 
per ml. 120- 
medium

10 1282 64

test
control

release  
of CPG 100 

*100

50

Days in culture

4 6 8 10
Days in culture

12

( a )  C u m u la t iv e  r e l e a s e  o f  C P G ,in to  t h e  m edium . E ac h  c u r v e  i s  t h e  m ean o f

4 e x p e r im e n t s .  ©------------O  c a r t i l a g e  grow n i n  t h e  p r e s e n c e  o f  sy n o v iu m

f o r  8 d a y s  a n d  i n  i s o l a t i o n  f o r  a  f u r t h e r  4 d a y s  ( T e s t  g r o u p ) ;  O---- O
p a i r e d  e x p l a n t s  g row n i n  i s o l a t i o n  f o r  12 d a y s  ( C o n t r o l  g r o u p ) .

( b )  H is to g ra m  o f  r e l e a s e  o f  CPG i n t o  t h e  m edium  a t  2 d a y  i n t e r v a l s .  The 

r e l e a s e  from  t h e  t e s t  g ro u p  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  th e  r e l e a s e  

from  t h e  c o n t r o l  g r o u p .  N o te  r e d u c t i o n  i n  t h e  r e l e a s e  o f  CPG from  t h e  

t e s t  c u l t u r e s  b e lo w  t h a t  from  i s o l a t e d  c a r t i l a g e .
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f in d in g s  w ith  a  more in te n s e  u p ta k e  in  th e  e x p ia n ts  grown i n  i s o l a t i o n  

f o r  4-8  days fo llo w in g  8 days* i n h i b i t i o n  by synovium , th a n  in  t h e i r  

p a i r e d  c o n t ro l s ;  th e  o n ly  e x c e p tio n  was a  p a i r  i n  group 2 in  w hich 

no d i f f e r e n c e  cou ld  be d e te c te d .

In  one experim en t o f  group 5, th e re  was no s i g n i f i c a n t  d i f f e r e n c e  

i n  u p ta k e  betw een  th e  two s e t s  o f  e x p la n ts  (4  p a i r s ) ,  b u t i n  th e  

second experim en t (4  p a i r s )  th e re  was much more u p ta k e  in  th e  

e x p la n ts  grown f o r  8 days w ith  and 4 days w ith o u t synovium th a n  in  

th e  c o n tro ls*

R e lea se  o f  p ro te o g ly c a n  In  14 re c o v e ry  ex p erim en ts  rem oval o f  th e  

synovium n o t  o n ly  r e s to r e d  th e  in c o rp o ra t io n  o f  SO^* b u t immed­

i a t e l y  d im in ish ed  th e  r e le a s e  o f  p ro te o g ly c a n  from  th e  c a r t i l a g e ,

Four days a f t e r  rem oval o f  th e  synovium th e re  was s i g n i f i c a n t l y  

l e s s  p ro te o g ly c a n  b e in g  r e le a s e d  th a n  i f  th e  synovium was p r e s e n t  

f o r  th e  12 days (F ig .  4 2 ) . The r e l e a s e  o f  p ro te o g ly c a n  even f e l l  

below  t h a t  o f  i s o l a t e d  c a r t i l a g e  a t  12 days (F ig .  45)*

I I I  SOmARY

351, p ig  a r t i c u l a r  c a r t i l a g e  in c o ip o r a te s  SO^ in to  p ro te o g ly c a n  

in  o rgan  c u l tu r e .

552 . There i s  a  zo n a l v a r i a t i o n  in  th e  in c o rp o ra t io n  o f  th e  S.

5* S y n o v ia l t i s s u e ,  e i t h e r  in  c o n ta c t  w ith  o r  s e p a ra te d  from

55th e  c a r t i l a g e ,  i n h i b i t s  th e  in c o rp o ra t io n  o f  S in to  th e  

m a tr ix .

4* Some ch o n d ro cy tes  s y n th e s is e  p ro te o g ly c a n  d e s p i te  th e  p re se n c e  

o f  sy n o v ia l t i s s u e .

5 . The in h i b i to r y  e f f e c t  o f  sy n o v ia l t i s s u e  i s  r e v e r s ib l e .

IV CONCLUSION

S y n o v ia l t i s s u e  can cause a  r e v e r s ib l e  i n h i b i t i o n  o f  p ro te o g ly c a n  

s y n th e s is  by a r t i c u l a r  c h o n d ro c y te s .
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BEFBCT OF SYNOVUM ON HDMN ARTICULAR CARTILAGE

T he e x p e r im e n ts  s o  f a r  r e p o r t e d  h a v e  b e e n  on  c a r t i l a g e  fro m  

im m a tu re  p i g s .  I t  w as im p o r t a n t  t o  e x te n d  t h e  s tu d y  a n d  t o  r e l a t e  

t h e  o b s e r v a t i o n s  n o t  o n ly  t o  a d u l t  c a r t i l a g e  b u t  a l s o  t o  human 

t i s s u e s  a s  t h e r e  m ig h t  b e  i m p o r t a n t  a g e  o r  s p e c i e s  d i f f e r e n c e s .

As d em o n stra ted  i n  e a r l i e r  C h ap te rs  and in  o th e r  work (315) p ig  

synovium produces hum oral f a c t o r s  i n  c u l tu r e  w hich a f f e c t  b o th  

p ig  and bov in e  c h o n d ro c y te s . The hum oral e f f e c t s  o f  p ig  synovium 

on c a r t i l a g e  a r e ,  th e r e f o r e ,  n o t  s p e c i f i c  to  one s p e c ie s  and i t  

was d ec id ed  to  s tu d y  th e  re sp o n se  o f  human ch o n d ro cy tes  to  p ig  

synovium . T here was s t i l l  a  r i s k  o f  s p e c ie s  s p e c i f i c i t y  so t h a t  

p ig  f a c to r s  would n o t  a f f e c t  human ch o n d ro cy te s , b u t e q u a l ly  i t  

was n o t  known w hether human synovium cou ld  be in d u ced  to  produce 

s im i la r  f a c t o r s  i n  c u l tu r e .

I  OBJECT OF EXPERIMENTS

E xperim en ts  w ere made to  s tu d y  th e  resp o n se  o f  ch o n d ro cy tes  

in  norm al a d u l t  c a r t i l a g e  o b ta in e d  from th e  a r t i c u l a r  head o f  

human fem urs to  p ig  synovium .

I I  RESULTS

( a )  I s o l a t e d  Human C a r t i l a g e

C a r t i la g e  e x p la n ts  (w et w e ig h t 10-20 mg) from th e  head o f  th e  

fem ur were m a in ta in e d  f o r  16 days in  o rgan  c u l tu r e .  Care was ta k en  

to  c u t a s  f a r  a s ,  b u t  n o t  i n t o ,  th e  c a l c i f i e d  c a r t i l a g e .  1 juCi 

^^S04/ra l was added to  th e  c u l tu r e s  f o r  th e  l a s t  48 h o u rs .  D uring  

th e  p e r io d  o f  c u l tu r e  th e r e  was a  l i n e a r  r e le a s e  o f  p ro te o g ly c a n
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i n to  th e  medium ( p ig .  44&). B iochem ical a n a ly s i s  showed th a t  th e  

e x p la n ts  in c o rp o ra te d  in to  th e  p ro te o g ly c a n  (T ab le  2 0 ); t h i s  

was confirm ed  by a u to ra d io g ra p h ic  exam ination  o f  s e c t io n s  (p ig .  4 5 b ). 

The d eg ree  o f  m e tach rom atic  s t a i n in g  o f  th e  m a tr ix  was th e  same as  

in  e x p la n ts  f ix e d  w ith o u t b e in g  c u l tu r e d .

Bead c a r t i l a g e  m a in ta in e d  f o r  16 days u n d e r s im i la r  c o n d i tio n s  

o f  c u l tu r e  showed no ev id en ce  o f  in c o rp o ra t io n  o f  S in to  th e  

e x p la n t e i t h e r  i n  a u to ra d io g ra p h s  (8 e x p la n ts )  o r  a n a ly s i s  o f  

e x t r a c te d  p ro te o g ly c a n  (8  e x p la n ts ) .  The c a r t i l a g e ,  how ever, 

r e le a s e d  p ro te o g ly c a n  ( p ig .  4 4 b ).

(b ) C a r t i la g e  in  C o n ta c t w ith  Synovium

L iv in g  c a r t i l a g e  The e f f e c t  o f  synovium on c a r t i l a g e  when th e  t i s s u e s

were in  c o n ta c t was s tu d ie d  i n  m a te r ia l  from  4 fem o ra l h e a d s . A f te r

5516 days* c u l tu r e  w ith  f o r  th e  l a s t  48 h o u rs  th e  u p ta k e  was in h ib ­

i t e d  by 68^ as  compared w ith  p a i r e d  e x p la n ts  g ro m  i n  i s o l a t i o n  

(T ab le  2 0 ) . I n  a l l  sam ples exam ined h i s t o l o g i c a l l y  (19 e x p la n ts )  

th e re  was l e s s  u p ta k e  in  th e  a u to ra d io g ra p h  o f  th e  c a r t i l a g e  in  

c o n ta c t  w ith  synovium ( p ig .  45)*

E vidence f o r  lo s s  o f  p ro te o g ly c a n  was l e s s  c l e a r .  F i f te e n  o f  

27 p a i r s  showed l e s s  s t a i n in g  f o r  p ro te o g ly c a n  in  th e  p re se n c e  o f  

synovium (T ab le  21; F ig ,  4 5 c ,d )  and b io c h em ic a l a n a ly s i s  su g g e s te d  

an av erag e  lo s s  o f  ab o u t 10% (T ab le  2 2 ) .  These r e s u l t s  a re  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .

A n a ly s is  o f  th e  u sed  medium was u n h e lp fu l  s in c e  l i t t l e  p ro te o ­

g ly c a n  co u ld  be d e te c te d  in  th e  medium by th e  a l c i a n  b lu e  a ssa y  

(p ig .  4 4 a ) . I t  was n o t  c l e a r  w h eth er t h i s  m eant t h a t  th e r e  was 

no r e le a s e  o f  p ro te o g ly c a n  o r  t h a t  th e  sy n o v ia l medium was in te r s ­

e c t in g  w ith  th e  p ro te o g ly c a n  such  t h a t  i t  d id  n o t  r e a c t  w ith  th e



T e s t e x p la n t X 100

p e r  mg 
p r o te in

E x p lan t
Number

o f
p a i r s

Mean u p ta k e  
3 5 8 /e x p la n t 

( cpm)

P a ire d

p e r
e x p la n t

c o n t ro l

p e r  mg 
w et wt

C a r t i la g e  + synovium 
o v erlap p ed

P a ire d  i s o l a t e d  
c a r t i l a g e

12 162

570
32/» 3»/o 31%

C a r t i la g e  + synovium 
s e p a ra te d

P a ir e d  i s o l a t e d  
c a r t i l a g e

12 213

657
3^ 34% 33%

TABLE 2 0

EFFECT OF LIVING P IG  SYNOVIIM ON THE UPTAKE OP
35S INTO PROTEOGLYCAN IN LIVING EXPLANTS OF

HOMAN ARTICULAR CARTILAGE. EXPLANTS MAINTAINED 

IN ORGAN CULTURE FOR 16 BAYS WITH I.31GI/ML SO 4 
FOR THE FINAL 48 HOURS



E x p la n t
Number

o f
e x p la n ts

Loss o f  P ro te o g ly c a n  
( to lu id in e  b lu e )

-H- +
4-+ 4—1- 4-4" 4* — 0

L iv in g  C a r t i la g e :

I s o la t e d 35 12 25

+ synovium o v e r la p 27 1 9 11 5

4* synovium s e p a ra te d 8 8

Dead C a r t i la g e ;

I s o la t e d 24 2 2 20

+ synovium o v e r la p 16 9 7

+ synovium s e p a ra te d 8 2 6

D egree o f  d e p le t io n  a s  i n  T ab le  1

TABLE 21

EEEBCT OF PIG  SYNQYIUM ON PROTEOGLYCAN IN 

HOMAN ARTICULAR CARTILAGE -  ANALYSIS OF HISTOLOGY



T e s t e x p la n t
X 1 0 0

p e r  mg 
p r o te in

E x p lan t
Number

o f
p a i r s

Mean 
Jig CPG/ 
e x p la n t

P a ir e d  c o n t ro l

p e r  p e r  mg 
e x p la n t w et wt

L iv in g  o a r t i l a g e

4- synovium o v erlap p ed  
i s o l a t e d

12 8 1 1
881 960/0 89% 91%

Dead c a r t i l a g e

4- synovium o v erlap p ed  
i s o l a t e d

8 9 3 4
1164 79/0 87% -

L iv in g  c a r t i l a g e

4- synovium s e p a ra te d  
i s o l a t e d

1 2 1156
1137 104^ 100% 91%

TABLE 22

EFFECT OF LIVING 5ÏNQVIUM ON TOTAL PROTEOGLYCM IN 

EXPLANTS OF HOMAN ARTICULAR CARTILAGE MAINTAINED IN 
CULTURE FOR 16 DAYS



F i g . 4 4

a
400

H qC PG / 
m l medium

200

days in culture

400

300
PO C PG /

m lm edium

200

WO

days inculture

Cumulative release of proteoglycan after 16 days in culture,

a) ©«-— —# Living human cartilage in contact with pig synovium. 
O ' O  paired living human cartilage.

b )  0 - -------- ©  Dead, human c a r t i l a g e  in  c o n t a c t  w i t h  p i g  s y n o v iu m .

O  - — O p a ir e d  d e a d  human c a r t i l a g e .



F i g . A  5
a

as

Effect of pig synovium on human articular cartilage after l6 days 
in culture with 1 yCi /ml for the last 2 days.
a) Autoradiogrtph of cartilage explant maintained in contact with 
pig synovium ( S ). Note very poor uptake of as = articular
surface, x 50.
b) Autoradiograph of paired isolated cartilage, x 50.
c) Same explant as (a). Note some loss of metachromasia from around 
the chondrocytes. Toi. blue, x 50.
d) Same explant as (b). Toi. blue, x 50.

F i g .  A 6
a

Effect of pig synovium on human articular cartilage after 16 days 
in culture with 1 pCi /ml for the last 2 days.
a) Autoradiograph of cartilage explant maintained at a distance 
from pig synovial mince. Note very little uptake of
as « articular surface, x 50.
b) Autoradiograph of paired isolated cartilage, x 50.
c) Same explant as (a). Note no evidence of loss of metachromasia. 
Toi.blue. X 50.
d) Same explant as (b). Toi. blue, x 50.
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a l c i a n  b l u e  ( f o r  f u r t h e r  d i s c u s s i o n  o f  t h i s ,  s e e  A p p e n d ix ) .  T h e re  

w as n o  d e t e c t a b l e  l o s s  o f  c o l la g e n *

Dead c a r t i l a g e  Dead c a r t i l a g e  w ith  synovium d id  n o t in c o rp o ra te  any 

^^8 , H is to lo g ic a l  a n a ly s i s  a f t e r  16 days su g g e s te d  t h a t  th e  synovium 

was c a u s in g  some lo s s  o f  p ro te o g ly c a n  (T ab le  2 1 ) ,  F o u rteen  o f  16 

p a i r e d  e x p la n ts  showed l e s s  m etach rom asia  th a n  th e  i s o l a t e d  c o n t ro ls  

and  b io c h em ic a l a n a ly s i s  o f  th e  t i s s u e  in d ic a te d  20% l e s s  p ro te o ­

g ly c an  in  th e  c a r t i l a g e  a s s o c ia te d  w ith  th e  synovium (T ab le  2 2 ) .

A n a ly s is  o f  th e  medium, how ever, f a i l e d  to  con firm  t h i s  o b s e rv a tio n  

(F ig .  44b) (s e e  A ppendix).

( c )  C a r t i l a g e  S e p a r a t e d  fro m  S ynovium

L iv in g  c a r t i l a g e  from  3 fem o ra l heads was m a in ta in e d  f o r  16 days 

in  th e  same c u l tu r e  d is h  a s  synovium b u t n o t in  c o n ta c t .  The in c o rp o r -  

a t io n  o f  i n to  p ro te o g ly c a n  was i n h ib i t e d  by 6&/o by th e  s y n o v ia l 

t i s s u e ,  w hich was th e  same deg ree  o f  i n h i b i t i o n  a s  when th e  t i s s u e s  

w ere i n  c o n ta c t  (T ab le  2 0 ) .  A ll  sam ples a n a ly se d  by a u to ra d io g ra p h y  

(8 p a i r s )  showed l e s s  uptalce i n to  th e  c a r t i l a g e  w ith  th e  synovium (F ig .  4 6 ) .

B iochem ica l and h i s t o l o g i c a l  a n a ly s i s  f a i l e d  to  p ro v id e  any e v i­

dence f o r  lo s s  o f  p ro te o g ly c a n  a f t e r  16 days i n  c u l tu r e  (T ab le  22; F ig . 4 6 ) ,

( d )  C a r t i l a g e  w i t h  R e t i n o l

A p i l o t  ex p erim en t on human c a r t i l a g e  grown f o r  16 days in

c u l tu r e  medium c o n ta in in g  r e t i n o l  (10 iu /m l)  in d ic a te d  t h a t  th e  u p ta k e  

35o f  S d u r in g  Ihe l a s t  2 days o f  c u l tu r e  was in h i b i t e d  by th e  v ita m in  

(T ab le  23b; F ig . 4 7 a ,b ) .

T here was some h i s t o l o g i c a l  ev idence  f o r  d e p le t io n  o f  p ro te o g ly c a n  

(F ig . 4?Cfd) b u t b io c h e m ic a l a n a ly s i s  o f  th e  c a r t i l a g e  e x p la n t gave 

eq u iv o c a l r e s u l t s  (T ab le  2 3 a ) ,



T e s t e x p la n t
X 1 0 0

p e r  mg 
p r o te in

E x p la n t
Number

o f
p a i r s

Mean 
yUg CPG/ 
e x p la n t

P a ire d

p e r
e x p la n t

c o n t ro l

p e r  mg 
w et wt

R e t in o l

C o n tro l

8 652

770
83% 95% 100%

(a )  Loss o f  p ro te o g ly c a n

E x p la n t
Number

o f
p a i r s

Mean
uptalce

5 5 g /e x p la n t
(opm)

T e s t e x p la n t 
p a i r e d  c o n t ro l

p e r  p e r  mg 
e x p la n t  w et wt

X 100

p e r  mg 
p r o te in

R e t in o l

C o n tro l

8 518

678
48% 54”/o 55%

(b) TJptal^e o f  i n to  P ro te o g ly c a n

TABLE 23

EFFECT OF EBTINOL (10 IU/ML) (M HOMAN ARTICULAR 

CABTILAOE AFTER 16 DAYS IN CULTURE.

55s IN CULTURE FOR LAST 48 HOURS.



l ' i g . A 7

'■ t*

O'
y

Effect of retinol on human articular cartilage during 16 days in 
culture with 1 yCi /ml for the last 2 days.
a) Autoradiograph of cartilage + 10 iu retinol /ml. as ■ articular 
surface, x 50.
b) Autoradiograph of paired control cartilage, x 50.
c) Same explant as (a). Note some loss of metachromasia from around 
the chondrocytes situated near the cut in the cartilage. Toi. blue.
X 50.

d) Same explant as (b). Toi. blue, x 50.
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I I I  STOmRY

1 . Aged human c a r t i l a g e  s y n th e s is e s  p ro te o g ly c a n  in  o rgan  c u l tu r e .

2 . P ig  synovium in  c o n ta c t  w ith  human c a r t i l a g e  i n h i b i t s  th e  

s y n th e s is  o f  p ro te o g ly c a n  by th e  c a r t i l a g e .

3 . When in  c o n ta c t  w ith  dead human c a r t i l a g e ,  p ig  synovium cau ses  

lo s s  o f  p ro te o g ly c a n  from  th e  c a r t i l a g e  m a tr ix .

4 . T here was no ev id en ce  o f  lo s s  o f  p ro te o g ly c a n  from human 

c a r t i l a g e  n o t  i n  c o n ta c t  w ith  synovium.

5 . R e t in o l  i n h i b i t s  th e  s y n th e s is  o f  p ro te o g ly c a n  i n  human c a r t i l a g e  

(p re l im in a ry  o b s e r v a t io n ) .

IV  CONCLUSION

P ig  synovium can cause  th e  i n h i b i t i o n  o f  p ro te o g ly c a n  s y n th e s is  

by a d u l t  ch o n d ro cy tes  in  human c a r t i l a g e .  U nder th e  c o n d it io n s  o f  

th e  ex p erim en ts  th e  synovium d id  n o t  have a  d e s t r u c t iv e  e f f e c t  

t h a t  was m ed ia ted  v i a  th e  ch o n d ro cy te s .
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CHAPTER 11
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DISCUSSION

A lthough th e  r e s u l t s  have "been d e s c r ib e d  in  seven  s e p a ra te  

C h a p te rs , th e  ex p erim en ts  have a l l  been  perform ed  w ith  th e  same 

o b je c t ,  nam ely to  t r y  to  e lu c id a te  th e  mechanisms concerned  in  

th e  breakdown o f  c a r t i l a g e .  The C h ap te rs , th e r e f o r e ,  a re  c lo s e ly  

i n t e r r e l a t e d  and th e  D isc u s s io n  w i l l  be su b d iv id e d  n o t  a c c o rd in g  

to  C h ap te r, b u t a c c o rd in g  to  to p ic s  to  which th e  r e s u l t s  d e s c r ib e d  

i n  th e  d i f f e r e n t  C h ap te rs  a re  r e l e v a n t .

I  THE ROLE OF SYNOVIAL TISSUE IN THE 

BHEMDOWN OF CARTILAGE

(a ) M inced S y n o v ia l T is su e

The m inced s y n o v ia l t i s s u e  u se d  in  th e  ex p erim en ts  r e p o r te d  in  

t h i s  t h e s i s  was o b ta in e d  from  norm al p ig s  and was th e r e f o r e  v i r t u a l l y  

d ev o id  o f  in flam m ato ry  c e l l s .  The m inced t i s s u e  caused  th e  t o t a l  

d e s t r u c t io n  o f  th e  m a tr ix  o f  a r t i c u l a r  c a r t i l a g e  b u t  w ith o u t lei 1 l i n g  

th e  ch o n d ro cy te s . A c r u c i a l  q u e s tio n  i s  why th e  synovium h as  such 

a  d e s t r u c t iv e  a c t io n  in  th e  c u l tu r e s .  In  e a r l i e r  ex p erim en ts  (206 , 

210) e x p la n ts  o f  i n t a c t  synovium , a s s o c ia te d  w ith  some su b sy n o v ia l 

c a p s u la r  t i s s u e ,  had  much l e s s  e f f e c t  on a d ja c e n t c a r t i l a g e  e x p la n ts  

th a n  th e  mince u se d  i n  th e  p r e s e n t  w ork. The m inced t i s s u e  undervrent 

changes d u r in g  c u l tu r e  such  a s  r e d u c t io n  in  s iz e  o f  th e  e x p la n t ,  

p r o l i f e r a t i o n  o f  c e l l s  and r e l e a s e  o f  c o lla g e n  and c o l la g e n o ly t ic  

enzym es. R ecen t u l t r a s t r u c t u r a l  s tu d ie s  (G la u e r t ,  F e l l ,  p e rs o n a l 

com m unication) have shown t h a t  a f t e r  c u l tu r e  many c e l l s  in  th e  m inced 

synovium , though  o th e rw ise  n o rm al, c o n ta in  la rg e  am ounts o f  i n t r a ­

c e l l u l a r  c o l la g e n .
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The in c re a s e d  d e s t r u c t iv e  e f f e c t  may have been  p a r t l y  due to  

th e  g ro s s  m o rp h o lo g ica l d is tu rb a n c e  o f  th e  m inced synovium , b u t 

p a r t l y  a ls o  to  th e  f a c t  t h a t  th e  m ince, u n l ik e  th e  i n t a c t  e x p la n ts ,  

c o n ta in e d  many sy n o v ia l v i l l i  w hich m  v iv o  a p p ea r to  p la y  an 

im p o rta n t r o le  i n  th e  breakdown o f  c a r t i l a g e  in  v a r io u s  a r t h r i t i d e s .  

When m inced f ib r o u s  t i s s u e  was c u l tu r e d  in  a s s o c ia t io n  w ith  c a r t i l a g e ,  

how ever, th e  m a tr ix  was deg raded  to  e x a c t ly  th e  same e x te n t  a s  in  

p a i r e d  e x p la n ts  a s s o c ia te d  w ith  synovium . T h is  f ib r o u s  t i s s u e ,  

how ever, c o n ta in e d  v e ry  few s y n o v io c y te s . The abnorm al env ironm ent 

o f  th e  c u l tu r e  system  may a l s o  c o n t r ib u te  to  th e  d e s t r u c t iv e  a c t io n  

o f  th e  synovium ,

(b ) Breakdown o f  C a r t i la g e  M a tr ix  by M inced S y n o v ia l T issu e

The o b s e rv a tio n s  on l i v i n g  and dead c a r t i l a g e  in d i c a te  t h a t  in  

t h i s  e x p e r im e n ta l system  two a p p a re n t ly  d i s t i n c t  p ro c e s s e s  a re  

concerned  i n  th e  d e s t r u c t iv e  a c t io n  o f  th e  s y n o v ia l t i s s u e  on 

c a r t i l a g e  m a tr ix ;  (a )  a  d i r e c t  e f f e c t  on th e  m a tr ix  o f  b o th  l i v i n g  

and dead c a r t i l a g e  p la c e d  in  c o n ta c t  w ith  th e  s y n o v ia l m ince, and

(b ) an i n d i r e c t  a c t io n  m e d ia te d  th ro u g h  th e  c h o n d ro c y te s , w hich 

a f f e c t s  l i v i n g  c a r t i l a g e  o n ly .

N e i th e r  th e  d i r e c t  n o r  th e  i n d i r e c t  e f f e c t  o f  th e  synovium on 

c a r t i l a g e  e x p la n ts  i s  p ro p e r ly  u n d e rs to o d . As r e g a rd s  th e  d i r e c t  

a c t io n ,  i t  i s  p ro b a b le  t h a t  th e  s y n o v ia l c e l l s  r e le a s e  enzymes t h a t  

degrade  b o th  th e  p ro te o g ly c a n  and th e  c o lla g e n  o f  th e  m a tr ix ,  s in c e  

b o th  components w ere d e p le te d  i n  dead a s  w e ll  a s  i n  l i v i n g  c a r t i l a g e .  

Synovium can r e le a s e  enzymes cap ab le  o f  ca u s in g  th e  lo s s  o f  p ro te o ­

g ly c an  ( 68 , 69) and c o l la g e n  (70 ) .  I n  th e  ex p erim en ts  on th e  e f f e c t  

o f  h y p e ro x ia  on c a r t i l a g e  and synovium , an in c re a s e d  r e le a s e  o f  

c o llag en o  l y t i c  a c t i v i t y  by  th e  synovium was a s s o c ia te d  w ith  an 

in c re a s e d  lo s s  o f  c o lla g e n  from  th e  c a r t i l a g e  e x p la n ts  in  c o n ta c t .
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T h is  w as n o t  du e  t o  s t i m u l a t i o n  o f  t h e  i n d i r e c t  e f f e c t  w h ic h  w as 

i n h i b i t e d  b y  t h e  r a i s e d  o x y g en  c o n c e n t r a t i o n .

R e c e n tly  th e  i n d i r e c t  a c t io n  o f  th e  sy n o v io c y te s  on l i v i n g  

c a r t i l a g e  h a s  been  e x te n s iv e ly  s tu d ie d .  An a c t iv e  f r a c t i o n  h as  

been  p a r t i a l l y  p u r i f i e d  from  u se d  sy n o v ia l c u l tu r e  medium ( 315) .

T h is  f r a c t i o n  c o n ta in s  p r o te in s  w ith  a  m o le c u la r  w e i ^ t  o f  around 

20,000  d a l to n s .  The f r a c t i o n  h a s  no d e te c ta b le  enzyme a c t i v i t y  

w hich makes i t  u n l ik e ly  t h a t  in a c t iv e  sy n o v ia l enzymes in  th e  

c u l tu r e  medium a re  a c t iv a t e d  i n  th e  im m ediate neighbourhood  o f  

th e  c h o n d ro c y te s . I t  i s  n o t  c l e a r  w hether th e  f a c t o r ,  w hich has 

been  t e n t a t i v e l y  c a l le d  C a ta b o lin  (315) in d u c es  th e  chond ro cy tes  

to  s y n th e s is e  h y d r o ly t ic  enzymes o r  to  a c t iv a t e  enzymes a l re a d y  

p r e s e n t  in  th e  c a r t i l a g e .

( c )  In f lu e n c e  o f  M inced S y n o v ia l T issu e  on p ro te o g ly c a n  S y n th e s is

D in g le  h a s  e m p h a s iz e d  t h e  im p o r ta n c e  o f  " t h e  c o n c e p t  o f  a  

d y n am ic  b a l a n c e  i n  s k e l e t a l  t i s s u e s  b e tw e e n  s y n t h e s i s  a n d  d e g r a d a t i o n .  

D i s tu r b a n c e  o f  e i t h e r  a s p e c t  o f  t h i s  b a la n c e  c a n  l e a d  t o  p a t h o l o g i c a l  

c h a n g e s  i n s t e a d  o f  n o rm a l t u r n o v e r " ,  ( 3 1 4 ) ,

The r e s u l t s  p re s e n te d  in  t h i s  t h e s i s  d em o n stra te  t h a t  s y n o v ia l 

t i s s u e  in  c u l tu r e  h as  a  d is a s t r o u s  e f f e c t  on t h i s  b a la n c e . N ot o n ly  

does i t  enhance th e  brealcdown o f  th e  e x i s t i n g  m a tr ix  by a t  l e a s t  two 

mechanisms b u t ,  a s  a s s e s s e d  by th e  in c o rp o ra t io n  o f  SO^, i t  a l s o  

i n h i b i t s  th e  s y n th e s is  o f  new m a te r i a l .  The l a t t e r  e f f e c t  ap p ea rs  

v e ry  e a r ly  b e fo re  th e r e  i s  any h i s t o l o g i c a l  ev id en ce  o f  d e p le t io n  

o f  th e  m a tr ix .  The d i f f e r e n c e  i n  u p ta k e  betw een p a ire d  c a r t i l a g e  

e x p la n ts  c u l tu r e d  w ith  o r  w ith o u t synovium was th e  same w h eth er th e  

l a b e l l i n g  p e r io d  was 48 h o u rs  o r  2 h o u rs .  T h is  s u g g e s ts  t h a t  th e re  

i s  i n h i b i t i o n  o f  s y n th e s is  o f  s u lp h a te d  p ro te o g ly c a n  and n o t  j u s t  

in h i b i t i o n  o f  in c o rp o ra t io n  o f  th e  p ro te o g ly c a n  in to  th e  m a tr ix .



113

The ex p erim en ts  do n o t  e s t a b l i s h  a t  w hich s ta g e  th e  s y n th e s is  

i s  in h i b i t e d  b u t  o n ly  t h a t  le s s s u lp h a te d  p ro te o g ly c a n  ap p e a rs  in  

th e  m a tr ix .  F u r th e r  ex p erim en ts  a re  needed to  c l a r i f y  t h i s  im p o rta n t 

p o in t .

I t  rem ains to  be d e te rm in e d  w h eth er o r  n o t  th e  s y n o v ia l f a c t o r  

r e le a s e d  in to  th e  medium w hich in d u c es  th e  breakdown o f  m a tr ix  v i a  

th e  ch o n d ro cy tes  i s  th e  same a s  th e  f a c to r  t h a t  i n h i b i t s  th e  s y n th e s is  

o f  p ro te o g ly c a n . The in h i b i t i o n  o f  uptalce was seen  t h r o u ^ o u t  th e  

whole c a r t i l a g e  e x p la n t w hereas th e  d e g ra d a tio n  o f  th e  m a tr ix  by 

th e  ch o n d ro cy tes  s t a r t e d  a t  th e  p e r ip h e ry  and g r a d u a l ly  p ro g re s s e d  

tow ard  th e  i n t e r i o r .  T h is  su g g e s ts  t h a t  th e  a c t io n s  a re  m ed ia ted  

by d i f f e r e n t  a g e n ts .

P ro te o g ly c a n  s y n th e s is  i n  r a b b i t  a r t i c u l a r  c a r t i l a g e  (224) and 

b o v in e  n a s a l  c a r t i l a g e  ( 223) i s  in h i b i t e d  by  rh eu m ato id  s y n o v ia l 

t i s s u e  in  c u l tu r e  b u t  n o t  by  s y n o v ia l t i s s u e  from  norm al humans 

(2 2 4 ) . L ip p ie l lo  and co -w orkers  (224) have p re s e n te d  ev id en ce  t h a t  

th e  a c t iv e  a g e n t from  rh eu m a to id  synovium t h a t  i n h i b i t s  p ro te o g ly c a n  

s y n th e s is  i n  r a b b i t  c a r t i l a g e  i s  a  p ro s ta g la n d in .

I t  i s  i n t e r e s t i n g  t h a t  i n  th e  ex p erim en ts  r e p o r te d  h e re  th e  

i n h i b i t i o n  o f  p ro te o g ly c a n  s y n th e s is  was r e v e r s ib l e ,  and rem oval o f  

th e  synovium a llo w ed  th e  s y n th e s is ^ to  be resum ed and e v e n  in c re a s e d  

to  l e v e l s  above t h a t  o f  i s o l a t e d  c a r t i l a g e .  T h is  i s  c o n s is te n t  w ith  

o th e r  ev id en ce  ( 209) t h a t  in  p ig  c a r t i l a g e  th e  d e p le t io n  o f  p ro te o ­

g ly c an  by exogenous enzymes s t im u la te s  th e  r e s e rv e  c a p a c ity  o f  th e  

ch o n d ro cy tes  to  r e s to r e  th e  p ro te o g ly c a n  in  th e  m a tr ix .  At p r e s e n t  

n o th in g  i s  Imown ab o u t th e  m o le c u la r  s t r u c tu r e  o f  th e  re g e n e ra te d  

p ro te o g ly c a n , w h eth er i t  i s  th e  same a s  t h a t  o f  th e  o r ig i n a l  p ro te o ­

g ly c a n  o r  o f  a  d i f f e r e n t  chem ical form .
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A lth o u g h  l i v i n g  s y n o v i a l  t i s s u e  i s  d e s t r u c t i v e  t o  c a r t i l a g e  

m a t r i x ,  w hen t h e  c a r t i l a g e  w as c u l t u r e d  on t h e  to p  o f  d e a d  sy n o v iu m , 

t h e  m a t r i x  w as n o t  d e p l e t e d  a n d  h i s t o l o g i c a l  p r e p a r a t i o n s  show ed 

t h a t  i n  some o f  t h e  e x p l a n t s  t h e r e  w as a n  i n c r e a s e d  f o r m a t io n  o f  

c h o n d r o id  t i s s u e  b e n e a th  t h e  c u t  s u r f a c e .  The e x p l a n a t i o n  f o r  t h i s  

i s  unknow n , b u t  t h e  a u t o l y t i c  p r o d u c t s  o f  d e a d  sy n o v iu m  may c o n t a i n  

f a c t o r s  t h a t  p ro m o te  c h o n d r o g e n e s i s .

( d )  T i s s u e  a n d  S p e c ie s  S p e c i f i c i t y  o f  B reakdow n o f  C a r t i l a g e

The e x p e r im e n ts  w i th  m in c e d  b lo o d  v e s s e l  a n d  l i v i n g  a n d  d e a d  

c a r t i l a g e  d e m o n s t r a te  t h a t  t h e  i n t i m a i  s y n o v i a l  c e l l s  a r e  n o t  

e s s e n t i a l  f o r  e i t h e r  t h e  d i r e c t  o r  t h e  i n d i r e c t  d e s t r u c t i v e  e f f e c t  

on  t h e  c a r t i l a g e  m a t r i x .  The m in c e d  f i b r o u s  t i s s u e  t h a t  w as u s e d  

w as fro m  t i s s u e  a s s o c i a t e d  w i t h  t h e  j o i n t  c a p s u le  a n d  h e n c e  i t  i s  

c l o s e l y  r e l a t e d  t o  t h e  s y n o v i a l  t i s s u e .  N e v e r t h e l e s s ,  a l l  t h r e e  

s o u r c e s  o f  t i s s u e  h a d  p ro d u c e d  t h e  sam e am o u n t o f  brealcdow n i n  t h e  

c a r t i l a g e  a t  t h e  e n d  o f  t h e  c u l t u r e  p e r i o d .  I t  i s  n o t  c l e a r  w h e th e r  

t h i s  i s  d u e  t o  r e l e a s e  o f  s i m i l a r  am o u n ts  o f  c a t a b o l i c  f a c t o r s  o r  

t o  a  maximum r e s p o n s e  b y  t h e  c a r t i l a g e .  A l l  t h e  t i s s u e s  u s e d  i n  

t h e  s t u d y  c o n ta in e d  a  v a r i e t y  o f  c e l l  t y p e s  a n d  i t  i s  n o t  Imown w h ic h  

c e l l s  a r e  i m p o r t a n t .  M o n o c y te s  fro m  p i g  p e r i p h e r a l  b lo o d  h a v e  r e c e n t l y  

b e e n  sh o im  t o  h a v e  a  c a t a b o l i c  e f f e c t  m e d ia te d  v i a  t h e  c h o n d r o c y te s  

i n  p i g  a r t i c u l a r  c a r t i l a g e  ( F e l l ,  S c h o f i e l d ,  p e r s o n a l  c o m m u n ic a t io n ) .

M in ced  p i g  s y n o v i a l  t i s s u e  h a d  l i t t l e  d e s t r u c t i v e  e f f e c t  on  

hum an a r t i c u l a r  c a r t i l a ^ .  T h e re  w as some l o s s  o f  p r o t e o g l y c a n  w hen 

t h e  t i s s u e s  w e re  i n  c o n t a c t  b u t  n o  e v id e n c e  c o u ld  b e  fo u n d  f o r  an  

i n d i r e c t  e f f e c t  m e d ia te d  v i a  t h e  c h o n d r o c y te s .  T h i s  m ig h t  b e  d u e  

t o  s p e c i e s  s p e c i f i c i t y ,  a g e  r e l a t e d  d i f f e r e n c e s ,  o r  u n s u i t a b l e  c u l t u r e  

c o n d i t i o n s .  T h e re  w a s , h o w e v e r ,  i n l i i b i t i o n  o f  p r o t e o g l y c a n  s y n t h e s i s
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w hich p ro v id e s  f u r t h e r  ev id en ce  t h a t  d e s t r u c t io n  o f  e x i s t i n g  m a tr ix  

by th e  chond ro cy tes  and i n h i b i t i o n  o f  p ro te o g ly c a n  s y n th e s is  a r e  n o t  

m ed ia ted  by th e  same f a c t o r .

The c a ta b o l ic  f a c t o r  t h a t  a f f e c t s  ch o n d ro cy tes  shows some s p e c ie s  

s p e c i f i c i t y ,  p ig  sy n o v ia l f a c t o r  a f f e c t s  ch o n d ro cy tes  in  p ig  a r t i c u l a r  

c a r t i l a g e  and bov ine  n a s a l  c a r t i l a g e  (T y le r ,  S a k la tv a la ,  p e rs o n a l 

com m unication) b u t n o t  in  human a r t i c u l a r  c a r t i l a g e ,  w hereas human 

s y n o v ia l f a c t o r  cau ses  lo s s  o f  p ro te o g ly c a n  from  human a r t i c u l a r  

c a r t i l a g e ,  p ig  a r t i c u l a r  c a r t i l a g e  and bov ine  n a s a l  c a r t i l a g e  

(T y le r ,  S a lc la tv a la , p e r s o n a l  com m unication). The d a ta  from  ex p erim en ts  

w ith  b ov ine  n a s a l  c a r t i l a g e ,  how ever, have to  be in t e r p r e t e d  w ith  

c a u t io n  a s  th e r e  a re  ch an n e ls  o f  s o f t  c o n n ec tiv e  t i s s u e  p e n e t r a t in g  

th e  c a r t i l a g e  w hich m igh t c o n t r ib u te  to  any c a ta b o l ic  e f f e c t ,

I I  FACTORS THAT INFLUENCE THE BREAKDOm OF 

CARTILAGE IN CULTURE

(a )  R e t in o l

F o r many y e a r s ,  ch o n d ro cy tes  have been  known to  c o n ta in  enzymes 

t h a t  a r e  cap ab le  o f  d e g ra d in g  c a r t i l a g e  p ro te o g ly c a n  (2 6 ,2 7 ,2 8 ,2 9 )  

b u t  when th e  work f o r  t h i s  t h e s i s  was s t a r t e d  th e r e  was l i t t l e  ev id en ce  

t h a t  th e s e  c e l l s  co u ld  deg rade  c o l la g e n .  R ece n tly  c o l la g e n o ly t ic  

a c t i v i t y  to  ty p e  I  c o l la g e n  h a s  been  d em o n stra ted  in  c u l tu r e s  o f  

human o s t e o a r t h r i t i c  c a r t i l a g e  by E h r l ic h  e t  a l ,  (1 2 5 ) , b u t ,  in  t h e i r  

s tu d y , th e  p o s s i b i l i t y  o f  any brealcdown o f  c a r t i l a g e  c o lla g e n  was n o t  

in v e s t ig a t e d .

The p r e s e n t  ex p erim en ts  on th e  e f f e c t  o f  r e t i n o l  on i s o l a t e d  

c a r t i l a g e  c l e a r ly  show t h a t ,  i n  c u l tu r e ,  th e  ch o n d ro cy tes  can cause 

th e  lo s s  o f  b o th  p ro te o g ly c a n  and c o lla g e n  from  th e  m a tr ix .  E a r l i e r
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work su g g es ted  t h a t  r e t i n o l  d id  n o t  g r e a t ly  a f f e c t  i s o l a t e d  p ig  

a r t i c u l a r  c a r t i l a g e  in  c u l tu r e  (2 0 6 ) , h u t a  l a t e r  s tu d y  d em o n stra ted  

com plete  lo s s  o f  p ro te o g ly c a n  and a  s l i g h t  lo s s  o f  c o l la g e n  in  

re sp o n se  to  r e t i n o l  (20?)*  The ex p erim en ts  r e p o r te d  in  t h i s  t h e s i s  

have shown a  marked c o l la g e n o ly t ic  e f f e c t  w ith  tra n s fo rm a tio n  o f  

th e  c h o n d ro cy te s . The re a so n  f o r  th e s e  d i f f e r e n c e s  i s  n o t  c l e a r  

h u t  th e r e  a re  m inor changes i n  th e  c u l tu r e  c o n d itio n s  in  th e  th r e e  

s e r i e s ,  B a r r a t t  u sed  p ig  sem rn w h ile  i n  th e  o th e r  two s e r i e s  r a b b i t  

serum was u se d . A lso in  th e  work by D ing le  and co -w o rk ers , i t  i s  

p o s s ib le  t h a t  th e  d eep e r zone o f  th e  c a r t i l a g e  was m issed . T h is  

r e g io n  i s  th e  m ost s u s c e p t ib le  to  th e  c o l la g e n o ly t ic  e f f e c t  o f  th e  

r e t i n o l .

In  many o f  th e  ex p e rim en ts  th e  brealcdown o f  m a tr ix  was c o n fin e d  

to  th e  h y p e r tro p h ic  zone d u r in g  th e  16 days in  c u l t u r e ; . t h i s  zone i s  

n o t  p r e s e n t  in  m atu re  a r t i c u l a r  c a r t i l a g e .  I n  v iv o  th e  h y p e r tro p h ic  

zone i s  th e  re g io n  o f  c a r t i l a g e  t h a t  w i l l  be in v ad ed  by  marrow 

s in u s e s  and re p la c e d  by bone, w hich m igh t acco u n t f o r  i t s  s u s c e p t i b i l i t y .  

T h is  zone a ls o  s y n th e s is e s  l e s s  p ro te o g ly c a n  th a n  th e  more s u p e r f i c i a l  

r e g io n s ,  A l th o u ^  th e  c e l l s  o f  th e  h y p e r tro p h ic  zone were v e ry  sen s­

i t i v e  to  th e  a c t io n  o f  r e t i n o l  th e  chond rocy tes in  a l l  r e g io n s  w ere 

a b le  to  re sp o n d  to  t h i s  a g e n t .

The e x a c t mechanism o f  th e  r e t i n o l ’ s a c t io n  i s  unknown. I t  can 

l a b i l i s e  ly sosom al membranes c a u s in g  th e  r e le a s e  o f  d e g ra d a tiv e  enzymes 

(194) b u t i t  i s  n o t  known w h e th e r t h i s  i s  r e le v a n t  to  th e  lo s s  o f  

th e  m a tr ix  c o l la g e n ,  C o lla g e n o ly t ic  a c t i v i t y  i s  in c re a s e d  in  bone 

c u l tu r e s  by  th e  a d d i t io n  o f  r e t i n o l  (5 1 5 ) , As y e t  th e  f a c t o r  re sp o n ­

s i b l e  f o r  th e  c o l la g e n o ly t ic  a c t i v i t y  o f  th e  ch o n d ro cy tes  h a s  n o t  been  

c h a r a c te r i s e d .
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("b) H yperox ia

m  th e  o rgan  c u l tu r e s  o f  i s o l a t e d  a r t i c u l a r  c a r t i l a g e  from th e  

p ig ,  h y p e ro x ia  (55% and 95% oxygen) n e i t h e r  caused  lo s s  o f  m etachrom - 

a s i a  n o r  in c re a s e d  th e  amount o f  p ro te o g ly c a n  shed in to  th e  medium; 

in d e ed  s l i g h t l y  l e s s  was r e le a s e d  th a n  hy th e  c o n t ro ls  in  20% oxygen. 

There was no ev id en ce  o f  l o s s  o f  c o lla g e n . Jacoby  and Jay so n  (235) 

n o te d  some lo s s  o f  p ro te o g ly c a n  from  a d u l t  human a r t i c u l a r  c a r t i l a g e  

a f t e r  8 days* c u l t i v a t io n  in  an atm osphere o f  95% ox^rgen, b u t more 

th a n  th r e e - q u a r te r s  o f  th e  n u c le i  were py lcno tic , w hich r a i s e s  th e  

p o s s i b i l i t y  t h a t  th e  d e g ra d a tio n  o f p ro te o g ly c a n  m igh t have been due 

to  th e  l i b e r a t i o n  o f  a u t o ly t i o  enzymes from th e  n e c r o t i c  c e l l s .

I n  th e  p r e s e n t  ex p erim en ts  i s o l a t e d  s y n o v ia l t i s s u e  r e le a s e d  

a  c o l la g e n o ly t io  a g e n t in to  th e  medium. A lthough some was found in  

th e  medium a t  norm al (20%) oxygen te n s io n ,  th e  amount was in c re a s e d  

by h y p e ro x ia . W illiam s (316) found th a t  th e  optimum c o n c e n tra t io n s  

o f  oxygen were betw een 20% and 50% f o r  human s y n o v ia l t i s s u e .

P r o b a b ly  t h e  t i s s u e ,  w h ic h  h a s  a n  a e r o b i c  m e ta b o l is m  (4 6 ) ,  i s  

p h y s i o l o g i c a l l y  m ore a c t i v e  a t  t h e  h i g h e r  l e v e l .

H yperox ia  (55% oxygen) g r e a t ly  enhanced th e  breakdown o f  c a r t i l a g e  

in  c o n ta c t  w ith  synovium , a p p a re n t ly  by s t im u la t in g  th e  d i r e c t  

enzym atic  a c t io n  o f  th e  synovium on th e  m a tr ix .  When th e  d i r e c t  

e f f e c t  was e l im in a te d  by c u l t i v a t i n g  th e  c a r t i l a g e  a t  a  d is ta n c e  

from  th e  s y n o v ia l e x p la n t , th e  p a r t i a l  breakdown o f  th e  m a tr ix  seen  

a t  20% oxygen was red u ce d  by exposure  to  55% oxygen. Thus th e  

i n d i r e c t  a c t io n  o f  th e  s y n o v ia l c e l l s  on th e  m a tr ix ,  in  c o n t r a s t  

to  t h e i r  d i r e c t  e f f e c t ,  was in h i b i t e d  by th e  r a i s e d  oxygen. I t  i s  

p o s s ib le  t h a t  e i t h e r  th e  h y p e ro x ia  p re v e n te d  th e  sy n o v ia l t i s s u e  

from  p ro d u c in g  th e  changes in  th e  c u l tu r e  medium t h a t  s t im u la te d
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t h e  c h o n d r o c y te s  t o  d e s t r o y  t h e i r  m a t r i x ,  o r  t h a t  i t  i n h i b i t e d  t h e  

c h o n d r o c y te s  fro m  r e a c t i n g  t o  t h e  s t i m u l u s .  T he l a t t e r  seem s t h e  

m ore l i k e l y  e x p l a n a t i o n .  U n l ik e  t h e  sy n o v iu m , c a r t i l a g e  h a s  a  

l a r g e l y  a n a e r o b ic  m e ta b o l is m  ( 46) .

T hat h y p e ro x ia  h a s  an in h i b i to r y  e f f e c t  on a t  l e a s t  one s y n th e t ic  

a c t i v i t y  o f  th e  ch o n d ro cy tes  h a s  been  shown by Lemperg e t  a l .  ( 50) ,  

who found t h a t  exposu re  to  50% oxygen reduced  th e  u p ta k e  o f  

in to  c a l f  a r t i c u l a r  c a r t i l a g e  i n  o rgan  c u l tu r e .  I t  may w e ll  be t h a t  

th e  s y n th e s is  o f  th e  enzymes r e s p o n s ib le  f o r  th e  d e g ra d a tio n  o f  th e  

m a tr ix  i s  s im i la r l y  i n h i b i t e d  i n  l i v i n g  c a r t i l a g e .

S ledge and U in g le  (196) c u l t iv a t e d  th e  c a r t i l a g in o u s  lim b-bone 

ru d im en ts  from  ch ic k s  i n  an atm osphere o f  85% oxygen and found th a t  

th e  m a tr ix  was s e v e re ly  d e p le te d  o f  p ro te o g ly c a n . I n  th e  p re s e n t  

e x p e rim e n ts , how ever, h y p e ro x ia  f a i l e d  to  cause th e  b re a k d o m  o f  

i s o l a t e d  a r t i c u l a r  c a r t i l a g e .  T h is  a p p a re n t d is c re p a n c y  betw een 

th e  two s e t s  o f  r e s u l t s  may be a t t r i b u t e d  to  th e  f a c t  t h a t  th e  lim b - 

bone ru d im en ts  w ere e n c lo se d  in  a  s h e a th  o f  c o n n e c tiv e  t i s s u e .  I t  

may w e ll  be t h a t  S ledge and D in g le ’ s e x p e rim e n ta l system  co rresp o n d ed  

to  th e  a f f r o n te d  e x p la n ts  o f  synovium and a r t i c u l a r  c a r t i l a g e  in  

w hich h y p e ro x ia  caused  se v e re  b re a k d o m , r a t h e r  th a n  to  th e  e x p la n ts  

o f  i s o l a t e d  a r t i c u l a r  c a r t i l a g e  devo id  o f  s o f t  co n n e c tiv e  t i s s u e .  

A l t e r n a t iv e ly  th e  ch o n d ro cy tes  o f  em bryonic lim b-bones may resp o n d  

d i f f e r e n t l y  to  h y p e ro x ia  i n  o rgan  c u l tu r e .

( c )  M o n o n u c le a r  L e u c o c y te s

B o th  p e r i p h e r a l  b lo o d  m o n o c y te s  an d  l e c t i n - s t i m u l a t e d  ly m p h o c y te s  

e n h a n c e d  t h e  b re ak d o w n  o f  c a r t i l a g e  i n  c u l t u r e s  o f  a f f r o n t e d  e x p l a n t s  

o f  c a r t i l a g e  a n d  sy n o v iu m . S o lu b le  m e d ia to r s  w e re  i n v o lv e d  b u t  t h e  

t a r g e t  c e l l  o r  t i s s u e  i s  n o t  loiow n. Prom  t h e  d a t a  p r e s e n t e d  i t  i s
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n o t  c l e a r  w h e th e r  t h e  m o n o c y te s  a n d  ly m p h o c y te s  a c t  b y  t h e  sam e 

m e c h a n ism . T he  l e u c o c y t e  f a c t o r s  m i ^ t  a c t  on t h e  s y n o v i a l  t i s s u e ,  

t h e  c h o n d r o c y te s ,  o r  d i r e c t l y  on  t h e  c a r t i l a g e  m a t r i x .  F u r t h e r  

e x p e r im e n ts  a r e  b e i n g  u n d e r ta lc e n  t o  a n s w e r  t h e s e  i m p o r t a n t  q u e s t i o n s .

P h y to h aem ag g lu tin in  (PHA) seems to  a f f e c t  th e  breakdown o f  

c a r t i l a g e  in  s e v e ra l  w ays. When added to  a f f r o n te d  c u l tu r e s  o f  

c a r t i l a g e  and synovium f o r  48 h o u rs  i t  enhanced th e  lo s s  o f  p ro te o ­

g ly c a n  from  th e  c a r t i l a g e ;  th e  PHA m ight a c t  e i t h e r  on th e  chondro­

c y te s  o r  on th e  sy n o v ia l c e l l s .  The a d d i t io n  o f  lym phocytes f u r t h e r  

enhanced th e  breakdo\-jn. When th e  lym phocytes w ere p re - in c u b a te d  w ith  

PHA f o r  2 h o u rs , how ever, th e  c u l tu r e  medium from  48 h o u r c u l tu r e s  

o f  lym phocytes f a i l e d  to  enhance th e  breakdown o f  th e  m a tr ix .  T h is  

m igh t be b ecau se  th e  lym phocytes had  n o t  been a c t iv a t e d  b u t o th e r  

work h a s  sh o rn  t h a t  a  s h o r t  in c u b a tio n  w ith  PHA i s  s u f f i c i e n t  f o r  

a c t iv a t io n  (3 1 2 ,3 1 8 ,3 1 9 ) . P o s s ib ly  th e  r e le v a n t  a c t io n  o f  th e  PHA 

in  th e  p r e s e n t  system  i s  on th e  c a r t i l a g e  o r  synovium and n o t on 

th e  lym phocy tes.

The l a c k  o f  r e s p o n s e  b y  t h e  b lo o d  ly m p h o c y te s  t o  PHA m ig h t b e  

du e  t o  t h e  m o n o c y te s  o b s c u r in g  a n y  e f f e c t .  T he d i f f e r e n c e  i n  e f f e c t  

b e tw e e n  m o n o n u c le a r  l e u c o c y t e s  d e r i v e d  fro m  p e r i p h e r a l  b lo o d  a n d  

t h o s e  d e r iv e d  fro m  lym ph g la n d  m ig h t  m e re ly  r e f l e c t  t h e  d i f f e r e n t  

p r o p o r t i o n s  o f  c e l l s .  T h u s  t h e r e  w e re  v e r y  few  m o n o c y te - l ik e  c e l l s  

i n  t h e  s a m p le s  fro m  t h e  lym ph  g la n d s  an d  few  m a c r o p h a g e - l ik e  c e l l s  

w e re  p r e s e n t  a t  t h e  e n d  o f  t h e  c u l t u r e  p e r i o d .

I l l  TRANSFQBMATIOH OF THE CHOHDROCYTES

A s t r i lc m g  f e a tu r e  o f  th e  breakdown o f  th e  c a r t i l a g e  in  th e se  

ex p erim en ts  was th e  m o rp h o lo g ic a l change th a t  many o f  th e  chond ro -
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c y te s  undergo* At a  c e r t a i n  s ta g e  i n  th e  d e g ra d a tio n  o f  th e  c a r t ­

i l a g e  th e  c e l l s  to o k  on th e  appea ran ce  o f  f i b r o b l a s t s .  As th e  

p ro te o g ly c a n  d isa p p e a re d  th e  ch o n d ro cy tes  became i r r e g u l a r  i n  

o u t l in e ,  v e ry  b a s o p h i l ic  and o f te n  underw ent m i to s i s .  W ith  th e  

lo s s  o f  c o l la g e n  th e y  became fu s ifo rm , o v a l o r  t r i a n g u l a r  in  shape 

w ith  sm ooth, s l i g h t l y  concave b o rd e r s .  The taxonomy o f  f i b r o b l a s t s  

i s  a  complex problem  ( f o r  d is c u s s io n ,  see  A bercrom bie, 520) and th e s e  

tra n s fo rm e d  ch o n d ro cy tes  can o n ly  be d e s c r ib e d  a s  f i b r o b l a s t - l i k e  

c e l l s .  They seem to  a r i s e  w henever th e r e  i s  lo s s  o f  th e  c o lla g e n ­

ous component o f  th e  m a tr ix  a s  in d ic a te d  by van  G ieson s t a i n in g .

As th e  p ro c e s s  advances new f i b r e s ,  w hich s t a i n  w ith  van  G ieson , 

a p p e a r  round th e  f i b r o b l a s t - l i k e  c e l l s .  T h is  g iv e s  th e  a f f e c t e d  

a r e a  th e  appearance  o f  f ib r o u s  t i s s u e  and i t  w ould be i n t e r e s t i n g  

to  know what ty p e  o f  c o l la g e n  i s  b e in g  s y n th e s is e d ;  th e  p re se n c e  

o f  ty p e  I  c o l la g e n  would p ro v id e  ev id en ce  t h a t  th e s e  c e l l s ,  a s  w e ll 

a s  re se m b lin g  f i b r o b l a s t s ,  had  a c q u ire d  a  f i b r o b l a s t i c  p h en o type . 

R e t in o l ,  s y n o v ia l t i s s u e  and b lo o d  v e s s e l  a l l  p roduce t h i s  c e l l u l a r  

tr a n s fo rm a tio n  w ith in  th e  c a r t i l a g e  ex p lan t*  In  ex p erim en ts  d es ig n ed  

to  s tu d y  th e  a b i l i t y  o f  th e  c a r t i l a g e  to  re c o v e r  (211) i t  a p p e a rs  

t h a t  a s  lo n g  a s  th e  c o l la g e n  ne tw ork  i s  i n t a c t  th e  c e l l s  behave a s  

ch o n d ro cy te s , and r e p la c e  th e  l o s t  p ro te o g ly c a n . I f ,  how ever, th e  

c o lla g e n  n e tw ork  i s  l a r g e ly  d e s tro y e d  and th e  c e l l s  have assumed 

a  f i b r o b l a s t i c  ap pea rance  th e n  th e  c a r t i l a g e  f a i l s  to  r e d i f f e r e n -  

t i a t e  and th e  c e l l s  do n o t  r e v e r t  from  th e  f i b r o b l a s t i c  to  th e  

chondro c y t ic  form .

C e lls  o f te n  w ander o u t  from  i s o l a t e d  a r t i c u l a r  c a r t i l a g e  in  

c u l tu r e ,  and u n d er th e  c u t s u r f a c e  o f  many e x p la n ts  th e r e  a re  

a re a s  o f  f i b r o b l a s t - l i k e  c e l l s  and a ls o  c h o n d r ify in g  t i s s u e .
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On th e  f l o o r  o f  th e  c u l tu r e  d is h  c o lo n ie s  o f  ty p i c a l  f i b r o b l a s t ­

l i k e  c e l l s  and o f  rounded  o r  p o ly g o n a l c e l l s  w ith  I n t e r c e l l u l a r  

m etach ro m atic  m a te r ia l  w ere o f te n  seen  a s  w e ll  a s  c o lo n ie s  o f  

in te rm e d ia te  c e l l  ty p e s .  These c e l l s  were a l l  d e r iv e d  from 

em ig ra ted  c h o n d ro c y te s . I t  i s  n o t  Icnown what f a c t o r s  c o n tro l  

th e s e  m o d u la tio n s  o f  th e  c h o n d ro cy te s ; r e t i n o l  in  c u l tu r e  p re v e n ts  

th e  fo rm a tio n  o f  c h o n d r ify in g  c o lo n ie s ,  w hereas ch o n d ro g en esis  i s  

enhanced b e n e a th  l i v i n g  c a r t i l a g e  e x p la n te d  on dead  synovium .

W hile th e  c a ta b o l ic  f a c t o r s  from  l i v i n g  synovium may induce  f ib r o ­

b l a s t i c  tr a n s fo rm a tio n  o f  many o f  th e  c h o n d ro c y te s , th e y  do n o t  

p re v e n t th e  fo rm a tio n  o f  i s l e t s  o f  new chondro id  t i s s u e  w ith in  

d e p le te d  a re a s  o f  c a r t i l a g e .  O th e r  ex p e rim e n ta l work h a s  shovai 

t h a t  embryo e x t r a c t  ( 271) o r  m ech an ica l f a c to r s  d u r in g  c u l tu r e  

( 275) can a l t e r  th e  p h e n o ty p ic  e x p re s s io n  o f  th e  c h o n d ro cy te .

I t  i s  n o t  c l e a r  how r e le v a n t  th e se  o b s e rv a tio n s  a re  to  th e  p r e s e n t  

c u l tu r e  c o n d i t io n s .

T hus, in  e x p la n ts  o f  c a r t i l a g e  a s s o c ia te d  w ith  synovium th e  

o r ig i n a l  ch o n d ro cy tes  may have a t  l e a s t  fo u r  d i f f e r e n t  f a te s »  (1 ) th e  

o r ig i n a l  c e l l s  may rem ain  a s  ch o n d ro cy tes  w ith in  th e  m a tr ix ;  (2 ) t r a n s ­

form  in to  f i b r o b l a s t - l i k e  c e l l s  s t i l l  w ith in  th e  d e p le te d  m a tr ix ;

(5 )  em ig ra te  from th e  c a r t i l a g e  and e i t h e r  assume a  f i b r o b l a s t i c -  

l i k e  form  o r  ( 4 ) e m ig ra te  b u t  rem ain  a s  ch o n d ro cy tes  and s y n th e s is e  

p e r i c e l l u l a r  p ro te o g ly c a n  and c o l la g e n .

IV THE VALTJH OF ORGM CÏÏLTÜBE IE THE 

STUDY OF ARTHRITIS

The q u e s tio n  a r i s e s  o f  th e  re le v a n c e  o f  th e  o b s e rv a tio n s  r e p o r te d  

i n  t h i s  t h e s i s  on a r t i c u l a r  c a r t i l a g e  i n  o rgan  c u l tu r e  to  th e  d e s t ru c ­

t i o n  o f  c a r t i l a g e  in  a r t h r i t i s .  A lthough  d a ta  o b ta in e d  from o rgan
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c u l tu r e  ex p erim en ts  canno t be  d i r e c t l y  r e l a t e d  to  changes found in  

a r t h r i t i s ,  th e y  in d ic a te  p o s s ib le  mechanisms in  th e  p a th o g e n e s is  

o f  th e se  d is e a s e s  w hich m i ^ t  th e n  be am enable to  e x p e rim e n ta l s tu d y . 

D eg rad a tio n  o f  b o th  th e  p ro te o g ly c a n  and th e  c o lla g e n  o f  th e  

c a r t i l a g e  m a tr ix  h a s  been d em o n stra ted  a t  and n e a r  th e  i n t e r f a c e  

betw een th e  pannus and th e  c a r t i l a g e  in  rheum ato id  a r t h r i t i s  (106 , 

8 7 ,5 2 1 ) , The rh eu m ato id  j o i n t  i s  so h e a v i ly  i n f i l t r a t e d  w ith  

in flam m ato ry  c e l l s  (po lym orphs, lym phocytes and plasm a c e l l s ) ,  

how ever, t h a t  i t  i s  im p o ss ib le  to  d e te rm in e  to  what e x te n t  th e  

sy n o v io c y te s  th e m se lv es  a r e  concerned  in  th e  breakdown o f  th e  

c a r t i l a g e  m a tr ix .

In  t h i s  co n n ec tio n  th e  work o f  S a l t e r ,  M cH eill and C arb in  (187) 

i s  v e ry  i n t e r e s t i n g .  I n  c l i n i c a l  and e x p e rim e n ta l s tu d ie s  th e y  

found th a t  in  lo n g  s ta n d in g  j o i n t  d e fo rm ity , th e  a r t i c u l a r  c a r t ­

i l a g e  was g ro s s ly  abnorm al and som etim es a b se n t o v e r t h a t  p a r t  o f  

th e  j o i n t  s u r fa c e  w hich , becau se  o f  th e  d e fo rm ity , was no lo n g e r  

in  c o n ta c t  w ith  th e  o p p o sin g  j o i n t  s u r fa c e  b u t was in  co n tin u o u s 

c o n ta c t  w ith  s y n o v ia l membrane. The a u th o rs  found no ev id en ce  cf 

"an a g g re s s iv e  a c t io n "  o f  th e  s y n o v ia l t i s s u e  and t h e i r  f ig u r e s  

in d i c a te  no le u c o c y t ic  i n f i l t r a t i o n  o r  sy n o v ia l h y p e r tro p h y . They 

a t t r i b u t e  th e  d e s t r u c t io n  o f  th e  c a r t i l a g e  to  " lo c a l  o b l i t e r a t i o n  

o f  th e  sy n o v ia l space w ith  r e s u l t a n t  lo s s  o f  n u t r i t i o n  to  th e  

a r t i c u l a r  c a r t i l a g e " .  In  tiie l i g h t  o f  th e  r e s u l t s  r e p o r te d  h e r e ,  

how ever, i t  seems p o s s ib le  t h a t  when th e  sy n o v io c y te s  a re  b r o u ^ t  

in to  c o n ta c t  w ith  th e  c a r t i l a g e  by th e  d e fo rm ity , th e y  e x e r t  an 

enzym atic  a c t io n  on th e  m a tr ix  and th a t  t h i s  i s  a t  l e a s t  a  

c o n t r ib u to ry  f a c t o r  in  th e  breakdow n o f  th e  c a r t i l a g e .

The r o le  o f  th e  ch o n d ro cy tes  in  th e  d e s t r u c t io n  o f  c a r t i l a g e  

in  in flam m ato ry  a r t h r i t i s  i s  d i f f i c u l t  to  a s c e r t a in .  W hereas th e
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f i b r o b l a s t i c  tr a n s fo rm a tio n  o f  th e s e  c e l l s  can be r e a d i ly  i n t e r p r e te d  

i n  c u l tu r e  where e x p la n ts  o f  p u re  c a r t i l a g e  a re  grown a t  a  d is ta n c e  

from  sy n o v ia l t i s s u e ,  i n  a  p a th o lo g ic a l  j o i n t  i t  would be im p o ss ib le  

to  know w hether a  f i b r o b l a s t - l i k e  c e l l  in  d i s in t e g r a t i n g  m a tr ix  was 

an in v a d in g  f i b r o b l a s t  o r  a  tra n s fo rm e d  ch o n d ro cy te . M il ls  (IO 4) 

h as  r e p o r te d  in v a s io n  o f  f i b r o b l a s t s  in to  c a r t i l a g e  i n  th e  absence 

o f  pannus and i t  i s  p o s s ib le  t h a t  th e  c e l l s  a re  tra n s fo rm e d  chondro­

c y te s .  O th e r w orkers  have su g g e s te d  t h i s  p o s s i b i l i t y  (7 4 ,1 0 5 ,1 1 1 ) 

b u t u n t i l  now no s u i t a b le  mechanism h a s  been  d em o n stra ted .

I t  i s  v i t a l  to  a s c e r t a in  w h eth er t h i s  mechanism o f  chondrocy te  

a c t i v a t io n  h as  any  c l i n i c a l  s ig n i f i c a n c e .  To t h i s  end th e  c a ta b o l ic  

f a c t o r  m ust be i s o l a t e d  b e fo re  i t s  r o le  in  a r t h r i t i s  can be c l a r i f i e d .  

The f i r s t  s te p  in  t h i s  p ro c e s s  h a s  a lre a d y  been  ta k e n  (5 1 5 ), by th e  

i s o l a t i o n  and p a r t i a l  p u r i f i c a t i o n  o f  an a c t iv e  f r a c t i o n  from th e  

u se d  medium o f  p ig  synovium w hich c o n ta in s  p r o te in s  w ith  a  m o le c u la r  

w eig h t o f  around  20 ,000  d a l to n s .

I t  h a s  been  su g g e s te d  t h a t  f a c t o r s ,  such a s  immune com plexes, 

w hich may r e s id e  in  p a th o lo g ic a l  c a r t i l a g e  induce th e  in v a s io n  o f  

th e  pannus (9 8 ) .  The r e s u l t s  r e p o r te d  h e re  d em o n stra te  t h a t  in  

c u l tu r e  th e  synovium can a l t e r  norm al c a r t i l a g e  by in d u c in g  th e  

f i b r o b l a s t i c  tr a n s fo rm a tio n  o f  th e  ch o n d ro cy tes  to  p roduce a  

h i s t o l o g i c a l  p i c t u r e ,  t h a t  re sem b le s  th e  in v a d in g  edge o f  pannus.

The p re se n c e  o f  immune com plexes, th e r e f o r e ,  i s  n o t  a  p r e r e q u i s i t e  

f o r  an  in v a s iv e  p ro c e s s .

S e v e ra l s tu d ie s  have d em o n stra ted  i n h i b i t i o n  o f  p ro te o g ly c a n  

s y n th e s is  by ch o n d ro cy tes  in  e x p e r im e n ta l in flam m ato ry  a r t h r i t i s  

( 226 , 227) .  The ev id en ce  t h a t  th e  s y n th e s is  i s  a l t e r e d  in  rheum ato id  

a r t h r i t i s  i s  u n s a t i s f a c to r y .  I t  has been  shoim t h a t  th e  r a t e  o f
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s y n th e s is  o f  p ro te o g ly c a n  i s  g r e a t e r  in  a  s e v e re ly  eroded  a re a  th a n  

i n  an a p p a re n tly  u n a f f e c te d  a re a  in  th e  same j o i n t  (2 2 5 ) . I t  i s  

d i f f i c u l t  to  r e l a t e  th e s e  d a ta  to  th e  r a t e  o f  s y n th e s is  in  a  

com parable norm al j o i n t .  L ip p ie l lo  e t  a l .  ( 224) have r e p o r te d  t h a t  

s y n o v ia l t i s s u e  from  rh eu m ato id  b u t n o t  norm al j o i n t s  i n h i b i t s  th e  

s y n th e s is  o f  p ro te o g ly c a n  v i t r o .

F u r th e r  s tu d ie s  i n  c u l tu r e  on th e  mechanisms o f  chondrocy te  

t r a n s fo rm a tio n ,  on th e  f a c t o r s  c o n t r o l l i n g  th e  r e le a s e  o f  th e  

c a ta b o l ic  f a c t o r s  and on p ro te o g ly c a n  s y n th e s is  sh o u ld  h e lp  in  th e  

u n d e rs ta n d in g  o f  e x p e rim e n ta l and p a th o lo g ic a l  in flam m ato ry  a r t h r i t i s .

In  o s t e o a r t h r i t i s  i t  i s  n o t  c l e a r  w hat f a c t o r s  i n i t i a t e  th e  

brealcdown o f  th e  m a tr ix .  The d is e a s e  can be induced  by m ech an ica l 

f a c t o r s  b u t  t h i s  does n o t  seem to  accoun t f o r  th e  m a jo r i ty  o f  case s  

(1 1 5 ) . A h y p o th e t ic a l  mechanism can be d e v ise d  i n  w hich th e  catar- 

b o l i c  f a c t o r  from  th e  synovium h as  a  c e n t r a l  r o l e  in  th e  breakdovm 

o f  c a r t i l a g e  in  o s t e o a r t h r i t i s  and f u r th e r  in fo rm a tio n  ab o u t t h i s  

p o s s i b i l i t y  may be o f  c o n s id e ra b le  im p o rtan ce .

A f e a tu r e  o f  o s t e o a r t h r i t i s  i s  th e  c o n c u rre n t e x is te n c e  o f  

a re a s  o f  breakdown and r e g e n e ra t io n .  T h is  i s  p a r t i c u l a r l y  p rom inen t 

i n  o s t e o a r t h r i t i s  a s s o c ia te d  w ith  acrom egaly . I n  t h i s  d is e a s e  th e  

b a la n c e  i s  i n i t i a l l y  i n  fa v o u r  o f  r e g e n e ra t io n  w ith  th ic k e n e d  h y p e r­

t r o p h ic  c a r t i l a g e ,  b u t  l a t e r  th e  d e g ra d a tiv e  f e a tu r e s  may supervene 

w ith  th e  ap p ea ran ce  o f  g ro s s  o s t e o a r t h r i t i s  changes. As seen  from  

th e  r e s u l t s  r e p o r te d  h e re  a  s im i la r  c o -e x is te n c e  o f  d e s t r u c t io n  

and r e g e n e ra t io n  ap p ea red  in  th e  a f f r o n te d  e x p ia n ts  o f  c a r t i l a g e  

and synovium in  c u l tu r e ;  g roups o f  chond rocy tes  in  an o th e rw ise  

d e p le te d  a r e a  o f  m a tr ix  showed in c re a s e d  u p ta k e  o f  SO^ and i n t e r ­

c e l l u l a r  m etach ro m atic  m a te r i a l .  F u r th e r  s tu d ie s  m igh t answ er th e  

q u e s tio n  o f  why th e  i s o l a t e d  g roups o f  ch ondrocy tes  a re  n o t  a f f e c te d
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b y  t h e  c a t a b o l i c  f a c t o r  fro m  t h e  sy n o v iu m . A b e t t e r  u n d e r s t a n d in g  

o f  t h i s  phenom enon m i ^ t  e n a b le  t h e  c h o n d ro g e n ic  c e l l s  t o  b e  

s t i m u l a t e d  t o  r e p a i r  an d  r e p l a c e  dam aged c a r t i l a g e .  A t th e  

m om ent, h o w e v e r , n o t h i n g  i s  Imown a b o u t  t h e  q u a l i t y  o f  t h e  m a t r i x  

p ro d u c e d  b y  t h e s e  c e l l s .

E x p e r im e n ta l  o s t e o a r t h r i t i s  h a s  b e e n  in d u c e d  by r e t i n o l  (175)*

The i n t r a - a r t i c u l a r  i n j e c t i o n  o f  th e  v ita m in  in to  th e  Itnee j o i n t  

o f  r a b b i t s  produced  c h ro n ic  l e s io n s  in  th e  j o i n t  which c lo s e ly  

resem bled  th o se  seen  in  o s t e o a r t h r i t i s .  I t  i s  im p o ss ib le  to  t e l l  

from  th e  d a ta  whioh t i s s u e s  i n  th e  j o i n t  a re  a f f e c te d  by th e  r e t i n o l .  

The breakdown o f  th e  c o l la g e n  m i ^ t  be due to  enzym atic  d e g ra d a tio n  

by th e  synovium o r  th e  c a r t i l a g e  o r  to  m echan ica l f a c t o r s .  In  human 

a r t i c u l a r  c a r t i l a g e ,  E h r l ic h  e t  a l .  (123) n o te d  th a t  o s t e o a r t h r i t i c  

c a r t i l a g e  produced  more c o l la g e n o ly t io  a c t i v i t y  th a n  norm al c a r t i l a g e ;  

t h i s  was shown by c u l tu r in g  th e  c a r t i l a g e  and a s s a y in g  th e  u sed  medium. 

The r e s u l t s  o f  in  v iv o  ex p e rim en ts  w ith  r e t i n o l  a re  com p atib le  w ith  

th e  e f f e c t s  o f  r e t i n o l  on c a r t i l a g e  in  c u l tu r e  and su g g e s t t h a t  

f u r t h e r  s tu d y  o f  th e  mechanism o f  breakdown in  c u l tu r e  m igh t be 

u s e f u l  f o r  th e  u n d e rs ta n d in g  o f  c a r t i l a g e  breakdown in  o s t e o a r t h r i t i s .

The r e s u l t s  fro m  t h e  o rg a n  c u l t u r e  e x p e r im e n ts  r e p o r t e d  i n  t h i s  

t h e s i s  h a v e  shovæ  t h a t  s y n o v i o c y t e s ,  c h o n d r o c y te s ,  m o n o c y te s ,  lym pho­

c y t e s  a n d  c e l l s  f ro m  b lo o d  v e s s e l s  a n d  f i b r o u s  t i s s u e  a r e  a l l  c a p a b le  

o f  c o n t r i b u t i n g  t o  th e  b re ak d o w n  o f  c a r t i l a g e  m a t r i x .  A l l  t h e s e  c e l l  

t y p e s  a r e  p r e s e n t  i n  t h e  j o i n t  d u r i n g  a n  e p is o d e  o f  in f la m m a to ry  

a r t h r i t i s .  An i n c r e a s e  i n  t h e  a v a i l a b i l i t y  o f  o x y g en  a l s o  i n c r e a s e s  

t h e  b re ak d o w n  o f  t h e  m a t r i x ,  w h ic h  m ig h t  b e  s i g n i f i c a n t  d u r i n g  e p i s o d e s  

o f  h y p e ra e m ia  i n  t h e  a r t h r i t i c  j o i n t *  The e x p e r im e n ta l  d a t a  h a s  

a l s o  shown some p a r a l l e l s  w i t h  t h e  p a t h o l o g i c a l  c h a n g e s  i n  o s t e o ­

a r t h r i t i s .
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T h is  work p ro v id e s  th e  b a s i s  fo r  f u r th e r  in v e s t ig a t io n  in to  

th e  p a th o g e n e s is  o f  b o th  in flam m ato ry  and d e g e n e ra tiv e  a r t h r i t i s *

In  p a r t i c u l a r ,  th e  d em o n s tra tio n  o f  s o lu b le  f a c to r s  produced  by 

th e  synovium th a t  can induce  th e  f i b r o b l a s t i c  tr a n s fo rm a tio n  o f 

chond rocy tes  i s  th e  fo u n d a tio n  f o r  th e  h y p o th e s is  t h a t  such a  

p ro c e s s  i s  a  f e a tu r e  o f  in flam m ato ry  a r t h r i t i s .  T h is  h y p o th e s is  

i s  am enable to  e x p e r im e n ta l v e r i f i c a t i o n  and i f  shown to  be c o r r e c t  

i t  would have im p o rta n t th e r a p e u t ic  consequences* The s tu d y , 

th e r e f o r e ,  o f  a r t i c u l a r  t i s s u e s  in  organ  c u l tu r e  h e lp s  tow ards 

a  b e t t e r  u n d e rs ta n d in g  o f th e  p a th o g e n e s is  o f  a r t h r i t i c  d is e a s e s .
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THE EFFECT OF USED SYHQVIAL MBDTÜM OH THE 

ALGIM BLUE ASSAY

When th e  r e s u l t s  o f  th e  o rgan  c u l tu r e  ex p erim en ts  were a n a ly se d , 

th e re  was a  d i s p a r i t y  betw een th e  amount o f  p ro te o g ly c a n  r e le a s e d  

from  c a r t i l a g e  in to  th e  medium and t h a t  rem a in in g  in  th e  t i s s u e  

a s  in d ic a te d  by s e c t io n s  s ta in e d  w ith  to lu id in e  b lu e ,  when synovium 

was p r e s e n t  in  th e  c u l tu r e s .  Thus a f t e r  14 days i n  c u l tu r e ,  h i s t o l ­

o g ic a l  p r e p a ra t io n s  showed a  com plete lo s s  o f  m etaohrom asia  in  

c a r t i l a g e  t h a t  had been in  c o n ta c t  w ith  synovium , b u t a n a ly s i s  o f  

th e  medium by th e  a l c i a n  b lu e  a s sa y  ( s e e  M ethods), r e v e a le d  o n ly  

a  sm a ll am ount, much l e s s  th a n  from p a i r e d  e x p la n ts  o f  i s o l a t e d  

c a r t i l a g e ,  w hich s t i l l  rem ained  d e e p ly  m e tach rom atic  (F ig .  4 8 ) .

I t  seemed t h a t  th e  a l c i a n  b lu e  a s s a y  f a i l e d  to  m easure th e  r e le a s e d  

p ro te o g ly c a n  when synovium was p r e s e n t  in  th e  c u l tu r e s .  I f  p u r i f i e d  

c h o n d ro it in  s u lp h a te  was added to  u sed  medium from  c u l tu r e s  o f  

i s o l a t e d  synovium i t  a l s o  was u n d e te c ta b le  by th e  a l c ia n  b lu e  a s sa y  

(T ab le  2 4 ) .

The a l c i a n  b lu e  a s sa y  i s  b ased  on th e  a b i l i t y  o f  th e  c a t io n ic  

a l c ia n  b lu e  m o lecu le  to  b in d  to  p o ly a n io n ic  m o lecu les  and form 

n e u t r a l ,  in s o lu b le  com plexes (2 9 8 ) .  The a s s a y  m ight f a i l  to  d e te c t  

c h o n d ro it in  su lp h a te  f o r  s e v e r a l  r e a s o n s . F i r s t l y ,  th e  chondrcntin 

s u lp h a te  m i ^ t  be deg raded  to  s u b -u n its  t h a t  would n o t  p r e c i p i t a t e  

w ith  th e  dye. S econd ly , th e  synovium m i ^ t  r e le a s e  some su b s tan ce  

t h a t  b lo ck ed  th e  i n t e r a c t io n  betw een th e  c h o n d ro it in  su lp h a te  and 

th e  a l c i a n  b lu e  by b in d in g  to  th e  c h o n d ro it in  s u lp h a te .  T h ird ly ,  

th e  s y n o v ia l medium m igh t i n t e r a c t  d i r e c t l y  w ith  th e  a l c ia n  b lu e



C h o n d ro itin  s u lp h a te  jxg/ml

0 12.5 25 50

p h o sp h a te  b u f fe re d  
s a l in e  (PBS) 0 12 .6

(0 .5 )*
25.7
(1 .5 )

5 0 .5
(1 .5 )

S y n o v ia l c u l tu r e  medium
( scm) 0 0 5 .5

( 2 . 8 )
54 .8
(2 .9 )

PBS + 1 0  mg/ml t r y p s in 0 1 3 .4
(0 .7 )

26.7
(0 .5 )

50 .7
(1 .5 )

SCM + 1 0  mg/ml t r y p s in 4 .2
( 0 . 6 )

18.2
( 1 . 0 )

52 .5
( 0 . 8 )

56 .6
( 1 . 6 )

* s ta n d a rd  d e v ia t io n

TABLE 24

EFFECT OF USED SYHOVIAL CULTURE MEDIUM 

M D  TRYPSIH ON THE ALCIM BLUE ASSAY
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d a y s  in c u l t u r e

C u m u la t iv e  r e l e a s e  o f  p r o t e o g ly c a n  d u r in g  l 4  d a y s  i n  c u l t u r e ,  

A lc ia n  "blue a s s a y  a t  s a l t  c o n c e n t r a t i o n  o f  0 , 1 5  M MgGl^.

O -

F  i g  . 4  9  

a

I s o l a t e d  c a r t i l a g e .

C a r t i l a g e  i n  c o n t a c t  w it h  sy n o v iu m .

0 7 '

0 6
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E
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m o t e s  o f  Mg C l j

0-7-

0 6

E,
620

0-3

0-1 0-2 0-3 0 6  0-5 0 6
m o l e s  o f  Mg  C t g

a  .G raph o f  t h e  am ount o f  c o m p le x e d  a l c i a n  b lu e  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n s  o f  M gCl^.

# ------------- #  S a l i n e  w i t h  c h o n d r o i t i n  s u lp h a t e  ( G S ).

O ® 14 day s;̂ niovial medium v.âth _$Opg/ml CS.

□------□ l4 day synovial medium with 30pg/ml CS and Img/ml Trypsin,

b .G rap h  o f  am ount o f  c o m p le x e d  a l c i a n  blue w it h  i n c r e a s i n g

c o n c e n t r a t i o n s  o f  M gCl^,

O- -□ Uncultured medium with 50)ig/ml GS.

-O As a b o v e  w it h  Im g /m l t r y p s i n .
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and hence b lo c k  th e  fo rm a tio n  o f  com plexes o f  a l c i a n  h ln e  and 

c h o n d ro it in  s u lp h a te .

The e x te n t  to  which a l c i a n  b lu e  b in d s  to  c h o n d ro it in  su lp h a te  

depends on th e  c o n c e n tra t io n  o f  com peting  c a t io n s .  The s ta n d a rd  

a s sa y  s o lu t io n  c o n ta in s  0 ,1 5  M MgClg, As th e  c o n c e n tra t io n  o f  

magnesium c h lo r id e  in  th e  a s s a y  s o lu t io n  i s  in c re a s e d  th e re  i s  

p ro g re s s iv e  d i s s o c ia t io n  o f  th e  complex o f  a l c i a n  b lu e  and ohon- 

d r o i t i n  s u lp h a te  (2 9 8 ) , T h is  means t h a t  a  g raph  can be d e r iv e d  

from  th e  amount o f  a l c i a n  b lu e  complexed to  c h o n d ro it in  s u lp h a te  

i n  d i f f e r e n t  s a l t  c o n c e n tra t io n s  (F ig .  4 9 a ) , When a  s im i la r  curve 

i s  drawn f o r  th e  amount o f  a l c i a n  b lu e  complexed to  c h o n d ro it in  

s u lp h a te  in  sy n o v ia l medium, th e r e  i s  an unm asking o f  th e  chon­

d r o i t i n  s u lp h a te  a s  th e  s a l t  c o n c e n tra t io n  in c re a s e s  e n a b l in g  i t  

to  b in d  to  th e  a l c ia n  b lu e  (F ig .  4 9 a ) , At ab o u t 0 ,4  M MgGl^ th e  

curve jo in s  th e  curve o f  c h o n d ro it in  su lp h a te  in  pho sp h ate  b u f fe re d  

s a l i n e  and t h e r e a f t e r  fo llo w s  th e  same p a t t e r n .  T h is  su g g e s ts  t h a t  

th e  medium c o n ta in s  some compound t h a t  can b in d  r e v e r s ib ly  to  th e  

c h o n d ro it in  s u lp h a te .  U n c u ltu re d  medium g iv e s  th e  same p a t t e r n  o f  

co rap lex -fo rm ation  o f  c h o n d ro it in  s u lp h a te  w ith  a l c i a n  b lu e  a s  s a l i n e ,  

e x c e p t in  a  v e ry  low s a l t  c o n c e n tr a t io n  (F ig , 4 9 h ) , S im ila r  s a l t  

c o n c e n tra t io n  cu rv es  can be p roduced  f o r  th e  p ro te o g ly c a n  r e le a s e d  

in to  th e  c u l tu r e  medium o f  a f f r o n te d  e x p la n ts  o f  c a r t i l a g e  and 

synovium (F ig , 50a) and a l s o  from  i s o l a t e d  c a r t i l a g e  (F ig , 5 0 b ).

Since ch o n d ro itin  su lp h a te  and c a r t i la g e  p ro teo g ly can  a re  poly­

a n io n ic  i t  i s  probab le  th a t  th e  substance in  the  sy n o v ia l medium i s  

c a t io n ic ,  p o s s ib ly  a  p r o te in .  This was a lso  suggested  by the e f f e c t  

o f t r e a t in g  sy n o v ia l medium a f t e r  c u ltu re  w ith  t iy p s in  (T able 2 4 ). 

Large q u a n t i t ie s  o f th i s  enzyme had to  be used owing to  in a c t iv a t io n  

o f th e  enzyme by th e  c u ltu re  medium. Only when th e re  was t r y p t i c
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a.G raph o f  am ount o f  c o m p le x e d  a l c i a n  b lu e  w it h  i n c r e a s i n g  

c o n c e n t r a t i o n s  o f  M gCl^.

O- -n  U se d  m edium  fr o m  8 - 1 2  d a y  c u l t u r e s  o f  c a r t i l a g e  

and sy n o v iu m  in  c o n t a c t .

-O , As a.hove w i t h  Im g /m l t r y p s i n .

b .G raph o f  am ount o f  c o m p le x e d  a l c i a n  b lu e  w it h  i n c r e a s i n g

c o n c e n t r a t i o n s  o f  M gCl^.

D- -a  U sed  medium fro m  8 - 1 2  d a y  c u l t u r e s  o f  i s o l a t e d  c a r t i l a g e .

-O As a b o v e  b u t  a f t e r  a d d i t i o n  o f  Im g /m l t r y p s i n .

F i g . 51

200

Ï  160

120

d a y s  i n  c u l t u r e  '

G raph o f  c u m u la t iv e  r e l e a s e  o f  p r o t e o g ly c a n  d u r in g  14  d a y s  i n  

c u l t u r e ,  b e f o r e  and  a f t e r  t r e a t m e n t  o.f t h e  u s s d  mrilium w i t h  Im g /m l

t r v x - ’. i n ,  A lc ia n  b lu e  a s.may ? t  s a l t  c o n c e n t r a t i o n  o f  O . l f  M X g C l^ .

D- “O Medium fro m  c u l t u r e s  o f  i s o l a t e d  c a r t i l a g e .  

-O  As a b o v e  w it h  Im g /m l t r y p s i n .

-El Medium fro m  c u l t u r - e s  o f  c a r t i l a g e  i n  c o n t a c t  w i t h  sy n o v iu m  

-O  As a b o v e  w it h  Im g /m l t r y p s i n .
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a c t i v i t y ,  a s  m easured by th e  BZM a s s a y  (522) was th e  c h o n d ro it in  

s u lp h a te  unmasked (T ab le  2 5 ) . The a d d i t io n  o f  t r y p s in  im m ed ia te ly  

unmasked th e  c h o n d ro it in  s u lp h a te  so t h a t  th e  whole o f  th e  added 

amount cou ld  be i d e n t i f i e d  by th e  s ta n d a rd  a lc ia n  b lu e  a s sa y  

( p ig ,  4 9 a ) . As e x p ec ted  t r y p s in  tr e a tm e n t o f  th e  u n c u l tu re d  medium 

had  no e f f e c t  on th e  a s sa y  ( p ig .  4 9 b ).

T ry p s in  tr e a tm e n t o f  medium from  c u l tu r e s  o f  i s o l a t e d  c a r t i l a g e  

had  no e f f e c t  on th e  a s sa y  a t  a  s a l t  c o n c e n tra t io n  o f  0 .15  M MgClg 

( p ig .  50b) a l t h o u ^  a t  a  h ig h e r  c o n c e n tra t io n  th e re  was d i s s o c ia t io n  

o f  th e  c u rv e s . T h is  d i s s o c ia t io n  was p ro b ab ly  due to  an a l t e r a t i o n  

in  th e  p r o te in  component o f  th e  p ro te o g ly c a n . The medium from 

combined e x p la n ts  o f  c a r t i l a g e  and synovium c o n ta in e d  la rg e  amounts 

o f  m easu rab le  p ro te o g ly c a n  a f t e r  tr e a tm e n t o f th e  u sed  medium w ith  

t r y p s in  ( p ig .  50a, P ig . 5 1 ) .

C hym otrypsin had  a  s im i la r  unm asking e f f e c t  on th e  c h o n d ro it in  

s u lp h a te  added to  u se d  sy n o v ia l medium (T ab le  2 5 ) .  The p ro d u c tio n  

o f  t h i s  compound i s  n o t  co n fin e d  to  m inced sy n o v ia l t i s s u e .  Both 

m inced b lo o d  v e s s e l  and f ib r o u s  t i s s u e  caused  a  s im i la r  m asking 

o f  p ro te o g ly c a n  in  th e  medium w hich was c o r re c te d  by t r y p s i n i s a t i o n .

The n a tu re  o f t h i s  substance in  th e  sy n o v ia l medium i s  n o t Imown, 

The a lc ia n  b lue assay  i s  n o t a f fe c te d  by the  a d d itio n  o f  album in, 

type I  c o lla g en , r a b b i t  serum o r  th e  b a s ic  amino a c id s  ly s in e  and 

a rg in in e . The e f f e c t  o f th e  sy n o v ia l medium i s  n o t lo s t  by d ia ly s in g  

the  medium a g a in s t  s a l in e .

D iscussion

The r e s u l t s  o f the  p reced in g  experim ents suggest th a t  the  

sy n o v ia l mince in  organ c u ltu re  i s  e i th e r  re le a s in g  a  c a t io n ic  

p ro te in  in to  th e  medium o r  a l t e r in g  a  p ro te in  a lre ad y  p re se n t in



T r y p t i c  a c t i v i t y  
BZAE a s s a y )

CS
( a l c i a n  b l u e )  

p g /m l

S y n o v ia l  m edium  w i t h  25 u g /m l CS 0 5

+ t r y p s i n 10 m g/m l + 29

+ " 1 m g/m l + 28

+ " 0 .1  m g/m l 0 1

4- " 0 .0 1  m g/m l 0 1

+ c h y m o try p s in 10 m g/m l 0 28

+ " 1 rag/m l 0 28

4- " 0 .1  m g/m l 0 20

+ 0 .0 1  m g/m l 0 1

U n c u l tu r e d  m edium  w i t h  25 p g /m l CS 0 24

+ t r y p s i n 10 m g/m l + 26

+ ” 1 m g/m l + 25

+ 0 .1  m g/m l 0 25

0 ,0 1  m g/m l 0 24

TABLE 25

EFFECT OF PROTEOLYTIC mZYPIES OB THE MEASÜBEMMT OP 

CHOEMQITIN SULPHATE (CS) IE USED SYEOVIAL MEDIUM BY 

THE ALCIM BLUE ASSAY. SYEOVIAL TOIDM PROM CTJLTUEES OP 

ISOLATED SYEOVim COLLECTED AT DAYS 4 AED 8
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t h e  c u l t u r e  m edium . T h is  p r o t e i n  i s  a b l e  t o  fo rm  r e v e r s i b l e  c o m p lex e s  

w i t h  e i t h e r  p u r i f i e d  c h o n d r o i t i n  s u l p h a t e  o r  c a r t i l a g e  p r o t e o g l y c a n .  

S ynovium  i s  Icnown t o  p ro d u c e  g l y c o p r o t e i n s  (1 6 )  b u t  th e  b i o l o g i c a l  

s i g n i f i c a n c e  o f  t h e  s u b s t a n c e  fo u n d  i n  t h e  c u l t u r e  m edium  i s  unknow n. 

The p r o d u c t i o n  o f  a  s i m i l a r  e f f e c t  b y  m in c e d  b lo o d  v e s s e l s  s u g g e s t s  

t h a t  i t  i s  n o t  a  u n iq u e  f a c t o r  p ro d u c e d  b y  t h e  sy n o v iu m  f o r  j o i n t  

l u b r i c a t i o n .  The b l o c k i n g  b y  u n c u l t u r e d  m edium  a t  v e r y  low  s a l t  

c o n c e n t r a t i o n s  m ig h t  s u g g e s t  t h a t  th e  b l o c k i n g  f a c t o r  i s  a l r e a d y  

p r e s e n t  i n  t h e  m edium  a n d  t h a t  t h e  sy n o v iu m  a l t e r s  i t  i n  some w ay .

I t  i s  p u z z l i n g  t h a t  l i t t l e  p r o t e o g l y c a n  c o u ld  b e  d e t e c t e d  i n  

c u l t u r e s  o f  p i g  t i s s u e  w i th  hum an c a r t i l a g e .  I s o l a t e d  hum an c a r t ­

i l a g e  r e l e a s e d  r e a s o n a b l e  q u a n t i t i e s  b u t  w hen p i g  sy n o v iu m  w as p r e s e n t  

v e r y  l i t t l e  c o u ld  b e  d e t e c t e d  d e s p i t e  t r y p s i n i s a t i o n  o f  t h e  m edium .

The e x p l a n a t i o n  f o r  t h i s  i s  n o t  c l e a r  a n d  t im e  d i d  n o t  p e r m i t  a  

m ore d e t a i l e d  s t u d y .

F o r  m o s t o f  th e  o rg a n  c u l t u r e  e x p e r im e n ts  t r y p s i n i s a t i o n  o f  

t h e  u s e d  m edium  w as r o u t i n e l y  i n c o r p o r a t e d  i n t o  t h e  a s s a y .
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