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The Distribution of Acidic Mucopolysaccharides 

Corneal  s t roma ,  l ike m o s t  connec t ive  t issues,  der ives  
i ts  m e c h a n i c a l  p roper t i e s  f rom t h e  col lagen f ibres  which  
c o n s t i t u t e  m o s t  of i ts  d ry  we igh t  ~. Corneal  col lagen f ibres  
e x h i b i t  a specia l  g e o m e t r y  ~. I n  each  lamel la ,  or  b u n d l e  of 
fibres,  all  t h e  f ibres  are  para l le l  a n d  equ id i s t anL  Nea re s t  
n e i g h b o u r  s e p a r a t i o n  is a b o u t  500 X. This  o r i e n t a t i o n  h a s  
been  s h o w n  b y  MAURICE a to  be  essent ia l  for cornea l  
t r a n s p a r e n c y .  The  o t h e r  m a i n  m a c r o m o l e c u l a r  const i -  
t u e n t s  of cornea l  s t r o m a  are  t he  acidic mucopo ly -  
sacchar ides ,  c h o n d r o i t i n  su lpha t e  and  k e r a t a n  s u l p h a t e  ~. 
The  pos i t ion  of t he  col lagen f ibres  m a y  be  seen 'd i rec t ly '  
in  t he  e lec t ron  microscope  b u t  t h e  d i s t r i b u t i o n  of t h e  
acidic  mucopo lysaccha r ide s  (AMPS) is less ce r t a in  a n d  
ha s  been  t h e  sub jec t  of specula t ion .  I t  has  been  c l a imed  
t h a t  t h e  A M P S  is a g round  m a t r i x  in  wh ich  t he  col lagen 
f ibres  are e m b e d d e d  ~. Th i s  seems to i m p l y  t h a t  t he  dis t r i -  
b u t i o n  of t he  A M P S  is un i fo rm  t h r o u g h o u t  t he  s t roma.  
SMITI~ a n d  FRAME ~ h a v e  de t ec t ed  t h r e a d s  of m a t e r i a l  
be tween  n e i g h b o u r i n g  col lagen f ibres  which  t h e y  sugges t  
is AMPS.  C hond ro i t i n  su lpha t e  is cova l en t ly  b o u n d  to t h e  
col lagen f ibre  6 and  i ts  r epo r t ed  molecu la r  we igh t  7,s 
allows for  a b o u t  100 r e p e a t i n g  d i sacchar ide  un i t s  each  
m e a s u r i n g  a b o u t  6 A. I t  seems poss ible  the re fo re  t h a t  t h e  
A M P S  m a y  l ink  n e i g h b o u r i n g  fibres.  

R e c e n t l y  a new e lec t ron  h i s t ochemica l  t e c h n i q u e  h a s  
been  deve loped  which  forms  a r eac t ion  p r o d u c t  specif ical ly 
ove r  si tes occupied  b y  acidic groups  of low p K  9. I t  m a y  
the re fore  be  used to  localize t he  acidic g roups  of b o t h  
c h o n d r o i t i n  a n d  k e r a t i n  su lphates .  A d u l t  D u t c h  r a b b i t s  
were  kil led b y  a n  i.v. i n j ec t ion  of n e m b u t a l  and  t he  corneas  
processed for e lec t ron  mic roscopy  as before  t~ F i x a t i o n  
a n d  process ing  e x t r a c t s  none  of t h e  A M P S  f rom cornea l  
s t r o m a  ~. T h i n  sect ions  were  s t a ined  for low p K  acidic 
groups  b y  t he  per iodic  acid-s i lver  m e t h e n a m i n e  tech-  
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n ique  a n d  were e x a m i n e d  in t h e  e lec t ron  microscope  
w i t h o u t  f u r t h e r  s ta in ing .  The  resu l t s  are shown  in t h e  
Figure.  T h e  col lagen f ibres  are  no t  v is ible  a f t e r  t h e  s ta in -  
ing t echn ique .  I n  some  lamel lae ,  t h e  rows of c rys ta l s  c an  
be  seen to follow t h e  rou t e  of i n d i v i d u a l  col lagen fibres.  
I n  n e i g h b o u r i n g  lamellae ,  sec t ioned  t h r o u g h  t h e  col lagen 
fibres, t h e  c rys ta l s  are also c lear ly  local ized over  t h e  
col lagen fibres. ( I t  m a y  be no t ed  t h a t  in  these  p r epa ra -  
t ions  t h e  col lagen f ibres are no t  e q u i d i s t a n t  as requ i red  b y  
MAUmCE'S l a t t i ce  t h e o r y  of t r a n s p a r e n c y  3. Th i s  is because  
chemica l  f i xa t ion  of cornea l  s t r o m a  a lways  causes  
swell ing of the  s t r o m a  an d  d e f o r m a t i o n  of the  f ibre  la t t ice .  
A regu la r  f ibre  la t t i ce  is seen on ly  a f t e r  f reezing and  
freeze s u b s t i t u t i o n  t echn iques  ~.) Crysta ls  are  neve r  found  
in the  spaces be tween  t h e  col lagen fibres.  The  absence  of 
r eac t ion  p r o d u c t  ove r  t h e  k e r a t o c y t e  cells ind ica tes  t he  
specif ic i ty  of t h e  reac t ion .  

T h e  resul t s  show t h a t  A M P S  is found  on ly  in close 
p r o x i m i t y  to t h e  col lagen fibres. T h e y  do n o t  s u p p o r t  t h e  
concep t  of a g round  m a t r i x  of A M P S  n o r  t h a t  t h e  A M P S  
br idge  t h e  gaps b e t w een  n e i g h b o u r i n g  fibres.  

A M P S  is k n o w n  to  gene ra t e  t h e  swell ing p ressure  of t h e  
cornea  ~. The re  are  two  ways  in wh ich  i t  m i g h t  do th is .  
The  f i rs t  is b y  t h e  D o n n a n  p o t e n t i a l  assoc ia ted  w i t h  a 
non-d i f fus ib le  (fixed) nega t i ve  charge.  T h e  second is b y  
e lec t ros ta t i c  repuls ion  b e t w een  t h e  acidic g roup  of t h e  
AMPS.  Now t h a t  t h e  d i s t r i b u t i o n  of A M P S  is k n o w n  i t  
m i g h t  be possible,  w i t h  f u r t h e r  da ta ,  to  ca lcu la te  t he  
ze ta  p o t e n t i a l  a r o u n d  each f ibre  and,  in principle,  w h a t  
a m o u n t  t h e  e lec t ros ta t i c  repuls ion  c o n t r i b u t e s  to  t he  
swell ing pressure .  

Rdsumd. L a  d i s t r i b u t i o n  des m u c o p o l y s a c c h a r i d e s  
acides darts le s t r o m a  corn6en  est  examin6e.  T o u s l e s  
mucopo lysaccha r ides  se t r o u v e n t  sur  les f ibri l les de 
collagene, t a n d i s  qu ' i l  n ' y  en a p a s  en t r e  les fibrilles. 
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