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CHAPTER 5

F ig s
F ig .

5 .1
5 .5

to  5 .4  
L ig h t

D ia g ra m s
M ic ro g ra p h :

F ig . 5 .6 L ig h t M ic ro g ra p h :

F ig . 5 .7 L ig h t M ic ro g ra p h  :

F ig . 5 .8 L ig h t M ic ro g ra p h  :

F ig . 5 .9 L ig h t M ic ro g ra p h  :

F ig . 5 .10 L ig h t M ic ro g ra p h :

F ig . 5 .11 L ig h t M ic ro g ra p h :

F ig . 5 .12 L ig h t M ic ro g ra p h  :

F ig . 5 .13 L ig h t M ic ro g ra p h :

F ig . 5 .14 L ig h t M ic ro g ra p h :

F ig . 5 .15 L ig h t M ic ro g ra p h :

F ig . 5 .16 L ig h t M ic ro g ra p h :

F ig . 5 .17 L ig h t M ic ro g ra p h :

F ig . 5 .18 L ig h t M ic ro g ra p h :

F ig . 5 .19 L ig h t M ic ro g ra p h :

F ig . 5 .20 L ig h t M ic ro g ra p h :

F ig . 5.21 L ig h t M ic ro g ra p h :

F ig . 5 .22 L ig h t M ic ro g ra p h  :

F ig . 5 .23 L ig h t M ic ro g ra p h :

F ig . 5 .24 L ig h t M ic ro g ra p h  :

F ig . 5 .25 L ig h t M ic ro g ra p h :

F ig . 5 .26 L ig h t M ic ro g ra p h :

F ig . 5 .27 L ig h t M ic ro g ra p h  :

F ig . 5 .28 L ig h t M ic ro g ra p h :

F ig . 5 .29 L ig h t M ic ro g ra p h  :

F ig . 5 .30 L ig h t M ic ro g ra p h :

F ig . 5 .31 L ig h t M ic ro g ra p h :

F ig . 5 .32 L ig h t M ic ro g ra p h :

o f R e t in a l L e s io n s .
R e tin a
G roup 2, 6 H ours R e co ve ry . 
O u te r r e t in a  a nd  C h o ro id  
G roup  2, 6 H ours R e co ve ry . 
O u te r r e t in a  a nd  C h o ro id  
G roup  2, 24 H ours R e co ve ry . 
R e tin a  a n d  C h o ro id  
G roup 2, 24 H ours  R e co ve ry . 
O u te r R e tin a  a nd  C h o ro id  
G roup  2, 48 H ours  R e co ve ry . 
R e tin a  a n d  C h o ro id  
G roup  2, 4 D ays R e co ve ry .
O u te r R e tin a  a nd  C h o ro id  
G roup  2, 4 D ays R e co ve ry . 
R e tin a  a n d  C h o ro id  
G roup  2, 1 Week R e co ve ry . 
R e tin a  a nd  C h o ro id  
G roup  2, 2 Weeks R e co ve ry . 
R e tin a  a n d  C h o ro id  
G roup  2, 2 Weeks R e co ve ry . 
R e tin a  a nd  C h o ro id  
G roup 2, 2 Weeks R e co ve ry . 
R e tin a  a n d  C h o ro id  
G roup 2, 2 Weeks R e co ve ry . 
R e tin a  a nd  C h o ro id  
G roup 2, 4 Weeks R ecovery . 
R e tin a  a n d  C h o ro id  
G roup  2, 4 Weeks R e co ve ry . 
N e u ra l R e tin a
G roup 2, 4 Weeks R e co ve ry .
P ig m e n t E p ith e liu m  a nd  C h o ro id
G roup 2, 4 Weeks R e co ve ry .
R e tin a  a nd  C h o ro id
G roup 1, 6 H ours  R e co ve ry .
R e tin a  a nd  C h o ro id
G roup  1, 6 H ours R e co ve ry .
R e tin a
G roup  1, 24 H ours R e co ve ry . 
R e tin a
G roup  1, 24 H ours R ecove ry
R e tin a  a n d  C h o ro id
G roup  1, 48 H ours R e co ve ry .
R e tin a  a nd  C h o ro id
G roup 1, 48 H ours R e co ve ry .
R e tin a  a n d  C h o ro id
G roup 1, 48 H ours R e co ve ry .
O u te r R e tin a  a nd  C h o ro id
G roup 1, 4 D ays R e co ve ry .
O u te r R e tin a  a nd  C h o ro id  
G roup  1, 4 D ays R e co ve ry . 
R e tin a  a n d  C h o ro id  
G roup  1, 4 D ays R e co ve ry . 
R e tin a  a nd  C h o ro id  
G roup  1, 4 D ays R e co ve ry . 
R e tin a  a nd  C h o ro id  
G roup 1, 2 Weeks R e co ve ry .
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F ig .  5 .33  

F ig .  5 .34  

F ig .  5 .35

F ig

F ig

F ig

F ig

F ig

F ig

F ig

F ig

F ig

F ig

F ig

F ig

F ig

F ig

F ig

5 .36

5 .37

5 .38

5 .39

5 .40

5.41

5 .42

5 .43

5 .44

5 .45

5 .46

5 .47

5 .48

5 .49

5 .50

L ig h t M ic ro g rap h : R e tin a  and Choroid
G roup 1, 4 Weeks R e co ve ry . 

L ig h t  M ic ro g ra p h :  R e tin a  a n d  C h o ro id
G roup 1, 4 Weeks R e co ve ry . 

L ig h t  M ic ro g ra p h :  R e tin a
G roup 1 

L ig h t  M ic ro g ra p h :  R e tin a
G roup 1

L ig h t  M ic ro g ra p h

1 Week R e co ve ry .

E le c tro n  M ic ro g ra p h :  

E le c tro n  M ic ro g ra p h :  

E le c tro n  M ic ro g ra p h  : 

E le c tro n  M ic ro g ra p h  : 

E le c tro n  M ic ro g ra p h :  

E le c tro n  M ic ro g ra p h  : 

E le c tro n  M ic ro g ra p h :  

E le c tro n  M ic ro g ra p h s : 

E le c tro n  M ic ro g ra p h :  

E le c tro n  M ic ro g ra p h  : 

E le c tro n  M ic ro g ra p h  : 

E le c tro n  M ic ro g ra p h  

E le c tro n  M ic ro g ra p h :

4 Weeks R e co ve ry .
R e tin a  a n d  C h o ro id  
G roup  1 4 Weeks R e co ve ry .

O u te r R e tin a  a nd  C h o ro id  
G roup 2, 6 H ours  R e co ve ry , • 
O u te r R e tin a
G roup 2,  6 H ours  R e co ve ry .
O u te r N u c le a r L a y e r  
G roup 2 , 6 H ours  R e co ve ry .
O u te r R e tina
G roup 2, 24 H ours  R e co ve ry .
O u te r R e tin a  a nd  C h o ro id  
G roup 2 , 48 H ours  R e co ve ry . 
M a c ro p ha g e
G roup 2, 48 H ours  R e co ve ry . 
B ru c h 's  M em brane 
G roup 2, 48 H ours  R e co ve ry , 
P ig m e n t e p ith e liu m  
G roup  2, 4 D ays R e co ve ry . 
P ig m e n t e p ith e liu m  
G roup  2, 4 D ays R e co ve ry . 
P ig m e n t e p ith e liu m  
G roup 2, 4 D ays R e co ve ry .
O u te r R e tin a  a nd  C h o r io c a p i l la r is  
G roup 2, 1 Week R e co ve ry .
O u te r R e tin a  a nd  C h o ro id  
G roup 2, 2 Weeks R e co ve ry . 
P ig m e n t E p ith e liu m  a nd  B ru c h 's  
M em brane

F ig . 5 .51 E le c tro n M ic ro g ra p h  :
G roup 2, 2 Weeks R e co ve ry . 
O u te r R e tin a  a nd  C h o ro id

F ig . 5 .52 E le c tro n M ic ro g ra p h  :
G roup 2, 2 Weeks R e co ve ry . 
P ig m e n t E p ith e liu m

F ig . 5 .53 E le c tro n M ic ro g ra p h  :
G roup 2, 2 Weeks R e co ve ry . 
N e u ra l R e tin a

F ig . 5 .54 E le c tro n M ic ro g ra p h :
G roup 2, 2 Weeks R e co ve ry . 
C h o ro id

F ig . 5 .55 E le c tro n M ic ro g ra p h :
G roup 2, 4 Weeks R e co ve ry . 
O u te r R e tin a

F ig . 5 .56 E le c tro n M ic ro g ra p h  :
G roup 2, 4 Weeks R e co ve ry . 
N e u ra l R e tin a

F ig . 5 .57 E le c tro n M ic ro g ra p h :
G roup 2, 4 Weeks R e co ve ry . 
P ig m e n t E p ith e liu m  a n d  C h o ro id

F ig . 5 .58 E le c tro n M ic ro g ra p h :
G roup 2, 4 Weeks R e co ve ry . 
O u te r R e tin a  a nd  C h o ro id

F ig . 5 .59 E le c tro n M ic ro g ra p h
G roup 1, 6 H ours  R e co ve ry . 
P ig m e n t E p ith e liu m

F ig . 5 .60 E le c tro n M ic ro g ra p h  :
G roup 1, 6 H ours  R e co ve ry . 
N e u ra l R e tin a

F ig . 5 .61 E le c tro n M ic ro g ra p h :
G roup  1, 6 H ours R e co ve ry . 
P ig m e n t E p ith e liu m
G roup  1, 6 H ours R e co ve ry .
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F ig . 5 .62 E le c tro n M ic ro g ra p h : O u te r R e tin a  a nd  C h o r io c a p i l la r is  
G roup 1, 24 H ours  R e co ve ry .

F ig . 5 .63 E le c tro n M ic ro g ra p h : N e u ra l R e tin a
G roup 1, 24 H ours  R e co ve ry .

F ig . 5 .64 E le c tro n M ic ro g ra p h : P ig m e n t E p ith e liu m  a nd  C h o r io 
c a p i l la r i s
G roup 1, 24 H ours  R e co ve ry .

F ig . 5 .65 E le c tro n M ic ro g ra p h  : P ig m e n t E p ith e liu m  a n d  B ru c h 's  
M em brane
G roup 1, 24 H ours  R e co ve ry .

F ig . 5 .66 E le c tro n M ic ro g ra p h : P ig m e n t E p ith e liu m
G roup 1, 24 H ours  R e co ve ry .

F ig . 5 .67 E le c tro n M ic ro g ra p h : M u lle r  C e ll M ic r o v i l l i  
G roup 1, 24 H ours  R e co ve ry .

F ig . 5 .6 8 E le c tro n M ic ro g ra p h : C h o r io c a p i l la r is
G roup 1, 24 H ours  R e co ve ry .

F ig . 5 .69 E le c tro n M ic ro g ra p h : O u te r R e tin a  a n d  C h o ro id  
G roup 1, 48 H ou rs  R e co ve ry .

F ig . 5 .70 E le c tro n M ic ro g ra p h : N e u ra l R e tin a
G roup 1, 48 H ours  R e co ve ry .
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5.101
5.102
5.103

T a b le  o f F in d in g s  in  
T a b le  o f F in d in g s  in  
T a b le  s h o w in g  r e t in a l  
v a r io u s  l i g h t  sou rces

B ru c h 's  M em brane a n d  M u lle r
C e ll C y to p la sm
G roup 1, 1 Week R ecovery
R e tin a  a nd  c h o ro id
G roup 1, 4 Weeks R ecovery
O u te r R e tin a  a n d  C h o ro id
G roup 1, 4 Weeks R ecovery
R e tin a  a n d  C h o ro id
G roup 1, 4 Weeks R ecove ry
R ecepto r C e ll O u te r Segments
G roup 1,  4 D ays a n d  4 Weeks R ecove ry
O u te r R e tin a  a nd  C h o ro id
G roup 1, 1 Week R ecovery
S uspected  P ig m e n t E p i th e l ia l
P r o l i fe r a t io n
G roup 1, 1 Week R ecovery  
O u te r R e tin a  a n d  C h o ro id  
G roup 1, 4 Weeks R ecovery  
S uspected  P ig m e n t E p i th e l ia l  P r o l i f e r a t io n  
G roup 1, 4 Weeks R ecovery  

E ach  B lo c k . G roup  2 (L o w e r I n te n s i t y )  
E ach  B lo c k . G roup 1 (H ig h e r  I n te n s i t y )  

i l lu m in a t io n  le v e ls  a s s o c ia te d  w ith

CHAPTER 6

F ig .  6 .1  T a b le  o f l i g h t  in te n s i t ie s  a nd  t h e i r  M ax im um  P e rm is s ib le
E x p o su re  T im es.

F ig .  6 .2  G ra p h ic  re p re s e n ta t io n  o f th e  q u a l i t a t iv e  re s u lts  o f
C h a p te r  4*
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T h is  th e s is  re p o r ts  th e  f in d in g s  o f an  in v e s t ig a t io n  

in to  th e  e ffe c ts  o f v a r io u s  in te n s it ie s  o f w h ite  l i g h t  on th e  

m o rp h o lo g y  o f th e  r a b b i t  r e t in a  a n d  c h o ro id  as s tu d ie d  b y  l i g h t  

a n d  e le c tro n  m ic ro s c o p y . The e xp o su re  p e r io d  w as one h o u r

in  a l l  th e  e x p e r im e n ta l p ro c e d u re s . The l i g h t  le v e ls  em p loyed

—2ra n g e d  fro m  an  e s tim a te d  r e t in a l  i l lu m in a t io n  o f 20.4mWcm 
2

to  8 4 .4mWcm . These le v e ls  o f i l lu m in a t io n  a re  s im i la r  to  those  

e x p e r ie n c e d  b y  hum an  re t in a e  d u r in g  p ro c e d u re s  such  as in d i r e c t  

o p h th a lm o s c o p y / (C a lk in s  a n d  H o ch he im e r, 1980).

The e x p e r im e n ta l p ro c e d u re s  w ere  d iv id e d  in to  tw o

c a te g o r ie s  : -

1 ) An in v e s t ig a t io n  in to  th e  a p p e a ra n c e  o f th e  r e t in a  

a n d  c h o ro id  im m e d ia te ly  a f te r  e xp o su re  to  v a r io u s  in te n s it ie s

o f w h ite  l i g h t .  A lte r a t io n s  in  r e t in a l  a nd  c h o r o id a l s t r u c tu re  

w e re  assessed b y  b o th  l i g h t  a n d  e le c tro n  m ic ro s c o p y . In  a d d it io n ,  

i t  w as a tte m p te d  to  q u a n t i f y  ch a n g e s  in  th e  c e l lu la r  com ponents 

o f th e  o u te r  n u c le a r  la y e r  b y  a ra n do m  p o in t  c o u n t in g  sys tem .

2) An in v e s t ig a t io n ,  b y  l i g h t  a nd  e le c tro n  m ic ro s c o p y , 

in to  th e  m o rp h o lo g y  o f th e  r e t in a  a nd  c h o ro id  a t v a r io u s  tim e s  

a f te r  a d a m a g in g  l i g h t  e x p o s u re  w ith  s p e c ia l c o n s id e ra t io n  o f 

th e  fa te  o f th e  c e l lu la r  d e b r is  p ro d u c e d  b y  l i g h t  dam age .

To assess th e  im m e d ia te  e ffe c ts  o f l i g h t  e x p o s u re , th e  

eyes o f n in e te e n  a d u l t  D u tch  r a b b i t s  w ere  s u b je c te d  to  one o f 

s ix  l i g h t  in te n s i t ie s .  The e s tim a te d  r e t in a l  i l lu m in a t io n  le v e ls  

w e re  8 4 .4 , 3 8 .6 , 3 2 .8 , 2 8 .9 , 23 .2  a nd  20.4mWcm . F o llo w in g

e xp o s u re  to  th e  tw o  lo w e s t l i g h t  in te n s it ie s  th e  r e t in a l  a n d

c h o r o id a l t is s u e s  a p p e a re d  n o rm a l.  A t s l ig h t ly  h ig h e r  le v e ls

“ 2 —2 
o f r e t in a l  i l lu m in a t io n  (28.9mW cm to  38.6mWcm ) th e re  w ere

d is tu rb a n c e s  o f th e  re c e p to r  c e l ls '  o u te r  segm ents as w e l l  as s l ig h t
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d is te n s io n  o f th e  p ig m e n t e p i th e l iu m 's  sm ooth e n d o p la s m ic  re t ic u lu m

a nd  m ito c h o n d r ia .  CoPe re c e p to r  c e lls  w e re  s l ig h t ly  more

s u s c e p t ib le  to  dam age th a n  ro d  re c e p to r  c e l ls .  W ith  h ig h e r  l i g h t

in te n s i t y  b o th  th e  deg re e  a n d  v a r i a b i l i t y  o f dam age in c re a s e d
_2

m a rk e d ly .  A t th e  r e t in a l  i l lu m in a t io n  le v e l o f 38.6mWcm th e

m o rp h o lo g y  o f th e  re c e p to r  c e lls  a n d  p ig m e n t e p i t h e l ia l  c e lls

w as h ig h ly  v a r ia b le .  These c e l ls  c o u ld  a p p e a r  s w o lle n  w ith

b o th  t h e i r  c y to p la s m ic  o rg a n e lle s  a n d  t h e ir  n u c le i b e in g  s w o lle n , 

a ls o , c o n v e rs e ly ,  th e y  c o u ld  be s h ru n k e n , t h e i r  c y to p la s m  

b ecom ing  d e n s e ly  s ta in e d  a n d  t h e i r  n u c le i p y k n o t ic .  The c h o ro id ,  

a t these  l ig h t  in te n s i t ie s ,  w as u s u a l ly  n o rm a l in  a p p e a ra n c e  

b u t  o c c a s io n a lly  th e re  d id  a p p e a r  to  be a s l ig h t  in f la m m a to ry  

re sp on se  in  th e  v e sse ls  o f th e  c h o r io c a p i l la r is .  T h is  response  

w as u s u a l ly  c o n f in e d  to  th e  a p p e a ra n c e  o f d e g ra n u la t in g  p la te le ts  

a n d  a few  p o ly m o rp h o n u c le a r  le u c o c y te s  a n d  m onocy te s . V e ry  

o c c a s io n a lly  th e  v e sse ls  o f th e  c h o ro id  w ere  f i l l e d  w ith  im p a c te d  

re d  c e l ls .  These re g io n s  o f c h o r o id a l a b n o rm a li ty  w ere  u s u a l ly

a s s o c ia te d  w ith  th e  re g io n s  o f most ex trem e  r e t in a l  dam age .

_2
A t th e  h ig h e s t  le v e l o f i l lu m in a t io n  (84.4mW cm ) dam age

to  th e  in n e r  r e t in a  w as v a r ia b le  in  a p p e a ra n c e . Dam age to  

th e  re c e p to r  c e l ls  a n d  p ig m e n t e p i t h e l ia l  c e lls  w as p re s e n t a n d  

o fte n  v e ry  s e v e re . As w as seen in  a n im a ls  exposed  to  lo w e r

l i g h t  in te n s i t ie s ,  re g io n s  o f seve re  r e t in a l  dam age w e re  a s s o c ia te d  

w ith  a re a s  o f c h o r o id a l a b n o rm a lity .

The q u a n t i f ic a t io n  o f th e  c e l lu la r  com ponents  o f th e  

o u te r  n u c le a r  la y e r  y ie ld e d  d is a p p o in t in g  r e s u lts .  The re s u lts  

o f th e  p o in t  c o u n t in g  sys tem  d id  seem to  r e f le c t  th e  a p p e a ra n c e  

o f in d iv id u a l  t is s u e  b lo c k s .  H ow ever, th e  v a r ia t io n  w i th in  re t in a e  

(b lo c k  to  b lo c k )  a n d  be tw een  a n im a ls  w as so g re a t  th a t  th e re
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c o u ld  be no m e a n in g fu l c o r r e la t io n s .  The v a r ia t io n  in  dam age , 

d e te rm in e d  b y  F r a t io s ,  w as g re a te r  in  a n im a ls  exposed  to  th e  

h ig h e r  l i g h t  in te n s i t ie s .  These F r a t io s  d id  show  a p o s i t iv e  

c o r r e la t io n  w ith  l i g h t  in te n s i t y  fo r  some o f th e  fe a tu re s  assessed .

The tw o  h ig h e s t  l i g h t  in te n s it ie s  em p loye d  w ere  chosen 

in  o rd e r  to  assess th e  re c o v e ry  p ro cesse s : e x p o s u re  to  these

l i g h t  in te n s it ie s  w as kn o w n  to  r e s u lt  in  c o n s id e ra b le  dam age 

to  th e  o u te r  r e t in a .  T w e n ty  e ig h t  D u tch  r a b b i t s  w e re  u se d .

A f te r  e x p o s u re  to  one o f th e  tw o  l i g h t  in te n s i t ie s  (e s t im a te d

—2 ” 2 r e t in a l  i l lu m in a t io n s  38.6mWcm a n d  84.4mWcm ) th e  r a b b i t s

w ere  a llo w e d  to  re c o v e r  fo r  p e r io d  o f 6 h o u rs , 24 h o u rs ,  48 h o u rs

4 d a y s , 1 w eek , 2 w eeks o r  4 w eeks .

Exposure to the Lower In ten sity

S ix  a n d  tw e n ty  fo u r  h o u rs  a f te r  e x p o s u re  to  th e  lo w e r 

in te n s i t y  th e re  w as d is te n s io n  o f th e  p ig m e n t e p ith e liu m  a n d  

d is tu rb a n c e s  o f th e  re c e p to r  c e l l  o u te r  segm en ts . T w e n ty  fo u r  

h o u rs  a f te r  e x p o s u re  p y k n o t ic  re c e p to r  c e l l  n u c le i w ere  p re s e n t.  

A f te r  f o r t y  e ig h t  h o u rs  o f re c o v e ry  th e  p ig m e n t e p ith e liu m  w as 

g r e a t ly  re d u c e d  in  th ic k n e s s  a n d  v e ry  d e n s e ly  s ta in e d .  A t t h is  

t im e  m a c ro p h a g e s  w e re  seen am ong th e  c e l l  d e b r is  in  th e  s u b -  

r e t in a l  sp ace . M o n o n u c le a r c e lls  w ere  common w i t h in  th e  c h o r io 

c a p i l la r i s  a n d  th e  e x t r a v a s c u la r  t is s u e s  o f th e  c h o ro id .  A f te r

fo u r  d a y s  re c o v e ry  m a c ro p h a g e s  w ere  p le n t i f u l  w i t h in  th e  s u b r e t in a l  

sp a ce . One to  fo u r  w eeks a f te r  th e  p h o t ic  in s u l t  th e  m o rp h o lo g y

o f th e  r e t in a  w as r e tu r n in g  to  n o rm a l a p p e a ra n c e . R eg ions o f

dam aged  r e t in a  w ere  s t i l l  p re s e n t,  h o w e v e r. These a re a s  w ere  

u s u a l ly  a s s o c ia te d  w ith  d is tu rb a n c e s  o f th e  c h o r io c a p i l la r is .

Exposure to the Higher In ten sity

S ix  h o u rs  a f te r  e x p o s u re  to  th e  h ig h e r  in t e n s i t y  th e  re c e p to r  

c e lls  w e re  s e v e re ly  dam aged  a n d  m any o f th e  re c e p to r
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c e l l  n u c le i w e re  p y k n o t ic .  The p ig m e n t e p ith e liu m  h a d  lo s t  m uch 

o f i t s  n o rm a l c e llu la fc -  a r c h ite c tu r e .  T here  w as a ls o  e v id e n c e  

o f s l ig h t  dam age to  th e  in n e r  r e t in a .  T w e n ty  fo u r  h o u rs  a f te r  

e xp o s u re  m o n o n u c le a r c e lls  w e re  p re s e n t in  th e  c h o r io c a p i l la r is  

a nd  m a cro p ha g es  w e re  p re s e n t w i t h in  th e  s u b r e t in a l  space . 

T h e re  w as a ls o  e v id e n c e  o f f u r t h e r  d e g e n e ra tio n  w i t h in  th e  in n e r  

r e t in a .  F o r ty  e ig h t  h o u rs  a f te r  e xp o su re  b o th  m a c ro p ha g es  a nd  

M u lle r  c e lls  a p p e a re d  to  be a c t iv e  in  th e  p h a g o c y to s is  o f re c e p to r  

c e l l  m a te r ia l .  In  some a re a s  th e  M ü lle r  c e l l 's  c y to p la s m  w as 

e x p a n d in g  in to  th e  o u te r  n u c le a r  la y e r  f i l l i n g  th e  spaces p ro d u c e d  

b y  th e  d e g e n e ra t in g  re c e p to r  c e l ls .  F o u r d a y s  a f te r  e xp o s u re  

m a c ro p h a g e s  w e re  s t i l l  p le n t i f u l  in  th e  s u b r e t in a l  sp ace . Mono

n u c le a r  c e lls  w e re  p re s e n t w i t h in  th e  c h o r io c a p i l la r is  a n d  o c c a s io n 

a l l y  w i th in  B ru c h 's  m em brane . I n  some a re a s  M u lle r  c e l l  c y to 

p la s m  w as in  d ir e c t  c o n ta c t w ith  B ru c h 's  membrane*, th e  o u te r  

r e t in a  b e in g  lo s t .  One to  fo u r  w eeks a f te r  th e  e xp o su re  a few  

la r g e  m a c ro p h a g e s  w ere  s t i l l  p re s e n t w i t h in  th e  r e t in a ,  a lth o u g h  

th e  m a jo r i t y  o f th e  c e l lu la r  d e b r is  h a d  been re m o ve d . S u r v iv in g  

re c e p to r  c e lls  h a d  re g e n e ra te d  t h e i r  o u te r  segm en ts . These o u te r -  

segm ents w e re  o fte n  o f a b n o rm a l a p p e a ra n c e . W here th e re  h a d  

been com p le te  d e s tru c t io n  o f th e  re c e p to r  c e lls  a n d  p ig m e n t 

e p ith e liu m  th e  r e t in a  w as com posed p r im a r i ly  o f M u lle r  c e l ls ,  

a lth o u g h  o th e r  c e l l  ty p e s  c o u ld  be id e n t i f ie d .  In  le ss  s e v e re ly  

dam aged  re g io n s  a b n o rm a lit ie s  o f th e  p ig m e n t e p ith e liu m ,  p o s s ib ly  

r e a c t io n a r y  h y p e r p la s ia ,  w e re  e n c o u n te re d . T h ic k e n in g s  o f B ru c h 's  

m em brane a nd  lo ss  o f th e  c h o r io c a p i l la r is  w e re  o fte n  a s s o c ia te d  

w ith  a re a s  o f seve re  r e t in a l  dam age o r  p ig m e n t e p i t h e l ia l  

a b n o rm a li ty .

These f in d in g s  a n d  th e ir  im p lic a t io n s  a re  d is c u s s e d .
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STRUCTURAL DAMAGE TO THE RABBIT RETINA AND 

CHOROID FROM LIGHT EXPOSURE



CHAPTER 1

INTRODUCTION



1.1

The v e r te b ra te  eye is  a re m a rk a b ly  co m p le x  sense o rg a n . 

The o p t ic a l  p ro p e r t ie s  o f  th e  eye p ro d u c e  a p ro je c t io n  o f th e  v is u a l  

f ie ld  on th e  r e t in a .  The r e t in a  c o n ta in s ,  in  m an , a b o u t 100 

m i l l io n  re c e p to r  c e l ls ,  w h ic h  a re  co nn e c te d  in  a c o m p lic a te d  fa s h io n  

to  a b o u t a m i l l io n  f ib r e s  in  th e  o p t ic  n e rv e : w hen  l i g h t  f a l l s

upo n  th e  r e t in a  th e  re c e p to r  c e lls  a re  e x c ite d  a n d  th is  e x c ita t io n  

e v e n tu a l ly  le a d s  to  th e  p ro d u c t io n  o f e le c t r ic a l  a c t i v i t y ,  in  th e  

fo rm  o f a c t io n  p o te n t ia ls ,  in  th e  o p t ic  n e rv e  f ib r e s .

The l i g h t  s e n s i t i v i t y  o f th e  eye is  due  to  th e  e x is te n c e  

in  th e  p h o to re c e p to r  c e lls  o f a v is u a l  p ig m e n t,  w hose fu n c t io n  

is  to  a b s o rb  l i g h t  a n d  in  so d o in g ,  to  in i t ia t e  th e  c h a in  o f e ve n ts  

le a d in g  to  e x c ita t io n  o f th e  o p t ic  n e rv e  f ib r e s .  The p h o to c h e m ic a l 

re a c t io n  in i t ia t e d  b y  th e  a b s o rp t io n  o f l i g h t  b le a c h e s  th e  p ig m e n t,  

w h ic h  has  to  be re g e n e ra te d  b e fo re  i t  re g a in s  i t s  p h o to s e n s i t iv i t y .

The ra n g e  o f s e n s i t i v i t y  o f th e  eye is  e no rm ous: th e  b r ig h t 

e s t l i g h t  in  w h ic h  we ca n  see is  a b o u t 10 tim e s  th e  in te n s i t y  

o f th e  d im m e st. T h e re  a re  s e v e ra l m echan ism s w h ic h  e n a b le  th is

w id e  ra n g e  to  be p e rc e iv e d , w h ic h  c o n s t itu te  th e  phenom ena o f

v is u a l  a d a p ta t io n .  D a rk  a d a p ta t io n  is  th e  in c re a s e  in  s e n s i t i v i t y  

w h ic h  o c c u rs  in  s u r ro u n d in g s  o f d im  i l lu m in a t io n ,  a n d  l i g h t  a d a p ta 

t io n  is  th e  re v e rs e  o f t h is .

V is ib le  l i g h t  c o n s is ts  o f a v e ry  l im i te d  re g io n  o f th e  e le c tro 

m a g n e tic  s p e c tru m . The v is ib le  s p e c tru m , th e  ra n g e  o f e le c tro 

m a g n e tic  r a d ia t io n  t h a t  ca n  p a ss  th ro u g h  th e  eye a n d  cause  a

p h o to c h e m ic a l ch a n g e  in  th e  v is u a l  p ig m e n ts  c o v e rs  th e  w a v e lè n g th s  _ 

fro m  a b o u t 4-OOnm ( v io le t )  to  a b o u t 700nm ( re d )  lo n g e r  w a v e le n g th s  

o u t to  a b o u t l,3 0 0 n m  a re  t r a n s m it te d  b y  th e  o c u la r  m ed ia  b u t  as 

th e y  a re  n o t a b s o rb e d  b y  th e  v is u a l  p ig m e n ts  th e y  a re  n o t

p e rc e iv e d .



L ig h t  is  e m itte d  a n d  a b s o rb e d  in  d is c re te  p a c k e ts  kn ow n  

as q u a n ta  o r  p h o to n s . In  a p h o to c h e m ic a l re a c t io n ,  one m o le cu le  

o f p ig m e n t a b s o rb s  one q u a n tu m  o f  l i g h t .  The e n e rg y  o f q u a n tu m

v a r ie s  w i th  th e  w a v e le n g th  a nd  is  g iv e n  b y  E = h v ,  w h e re  v

is  th e  fre q u e n c y  ( th e  v e lo c i ty  o f l i g h t  d iv id e d  b y  th e  w a v e le n g th )
_o /

a n d  h is  P la n c k 's  c o n s ta n t,  6 .63  x  10 Js. T hus  q u a n ta  fo r

q u a n ta  b lu e  l i g h t  is  m ore e n e rg e tic  th a n  re d .

1 .2  The S tru c tu re  o f th e  Eye

The p h o to re c e p to r  c e l ls  o f th e  e ye , a n d  th e  n e rv e  c e lls

w h ic h  th e y  in n e rv a te  fo rm  a t h in  la y e r ,  th e  r e t in a ,  w h ic h  co a ts

th e  in n e r  s u r fa c e  o f th e  e ye . The re s t  o f th e  eye c o n s is ts  o f

a c c e s s o ry  s t ru c tu re s  co n ce rn e d  d i r e c t ly  o r  in d i r e c t l y ,  w ith  a s s is t 

in g  th e  r e t in a  in  th e  p e rc e p t io n  o f th e  v is u a l  f ie ld .

The g ro ss  s t r u c tu r e  o f th e  v e r te b ra te  eye is  show n in  F ig .  

1 .1 . The o u te r  c o a t o f th e  eye , th e  s c le ra  is  p ro te c t iv e  in  fu n c t io n  

a n d  a ls o , m a in ta in s  th e  shape  o f th e  g lo b e . The co rn e a  is  th e

t r a n s p a r e n t  re g io n  o f th e  s c le ra  a nd  in  m ost v e r te b ra te s  is  

re s p o n s ib le  fo r  th e  g re a te r  p a r t  o f th e  r e f r a c t io n  o f l i g h t  needed 

to  p ro d u c e  an  im a g e  on th e  r e t in a .  In s id e  th e  s c le ra  is  a v a s 

c u la r  la y e r ,  th e  c h o ro id ,  w h ic h  is  u s u a l ly  p ig m e n te d .

The in t e r io r  o f th e  eye c o n ta in s  th e  le n s ,  th e  aqueous 

h u m o u r in  th e  a n te r io r  c h a m b e r a nd  th e  v it r e o u s  h u m o u r w h ic h  

f i l l s  th e  c a v i t y  b e h in d  th e  le n s .  The c u rv e d  s u r fa c e  o f th e  co rn e a  

a c ts  as a le n s ,  so th a t  a p a r a l le l  beam o f l i g h t  e n te r in g  a 

le n s le s s  hum an  eye is  b ro u g h t  to  a focu s  a t a b o u t 31.2mm

b e h in d  th e  f r o n t  fa c e  o f th e  c o rn e a . S ince  th e  le n g th

o f th e  eye is  a b o u t 24./!+mm, th e  c o rn e a , aqueous a n d  v it r e o u s  

a lo n e  c a n n o t p ro d u c e  a s h a rp  im a g e  on th e  r e t in a .  The r e q u ir e d



e x t r a  fo c u s s in g  p o w e r is  p ro v id e d  b y  th e  le n s  w h ic h  is  o f a h ig h e r  

r e f r a c t iv e  in d e x  th a n  th e  aqueous  a nd  v it r e o u s  h u m o u rs . The 

p o w e r o f th e  le n s  ca n  be in c re a s e d  b y  c o n t ra c t io n  o f th e  c i l i a r y  

m u sc le s ; th is  p ro ce ss  a cco m m o d a tio n , a llo w s  im a g es  o f n e a r  o b je c ts  

to  be focu se d  on th e  r e t in a .

In  f r o n t  o f th e  le n s  is  a d ia p h ra g m , th e  i r i s ,  whose a p e r tu re  

( th e  p u p i l )  ca n  be v a r ie d  b y  c o n tra c t io n  o f th e  i r i s  m u sc le s . 

T h us  th e  a c t i v i t y  o f th e  i r i s  c a n , o v e r a l im ite d  ra n g e , re g u la te  

th e  am oun t o f l i g h t  e n te r in g  th e  eye . The p u p i l  is  in  fa c t

c o n t ro l le d  r e f le x ly  b y  l i g h t  in t e n s i t y .

The d ir e c t io n  in  w h ic h  th e  eye lo o k s  is  c o n t ro l le d  b y  th e  

s ix  e x t r a o c u la r  m u sc le s .

1*3 The Structure and Function of the Retina and Choroid

1*3.1 The Retina

The n e u ra l s t r u c tu re  o f th e  r e t in a  is  m uch m ore co m p le x  

th a n  th a t  o f m ost o th e r  p e r ip h e r a l  sense o rg a n s . The d e v e lo p m e n t

a l re a so n  fo r  t h is  is  th a t  i t  is  fo rm e d  b y  an  o u tg ro w th  o f th e  

b r a in  in  th e  e m b ry o . The p h o to re c e p to rs  h a v e  p ro b a b ly  e v o lv e d  

fro m  f la g e l la te d  c e lls  fo rm in g  th e  e p e n d y m a l l i n in g  o f th e  c a v it ie s  

o f th e  b r a in .  T h is  a cco u n ts  fo r  t h e i r  p o s it io n  on th e  e x te rn a l 

s id e  o f th e  m a tu re  r e t in a ,  so th a t  l i g h t  m ust p ass  th ro u g h  th e  

re s t  o f th e  r e t in a  b e fo re  re a c h in g  them .

The s t r u c tu re  o f th e  r e t in a  is  show n in  F ig .  1 .2 . From  

l i g h t  m ic ro s c o p y  s tu d ie s  th e  r e t in a  has  been d e s c r ib e d  as c o n s is t 

in g  o f e le v e n  la y e r s ,  a lth o u g h  these  la y e rs  do n o t a c c u r a te ly  

d e s c r ib e  th e  c e l lu la r  r e la t io n s h ip s  w i t h in  th e  r e t in a .  These 

la y e rs  a re  (1 ) The r e t in a l  p ig m e n t e p ith e l iu m ,  (2 ) The o u te r



segm en ts , (3 ) The in n e r  segm en ts , (4 ) The e x te rn a l l im i t in g  

m em brane , (5 ) The o u te r  n u c le a r  la y e r ,  (6 ) The o u te r  p le x ifo rm  

la y e r ,  (7 ) The in n e r  n u c le a r  la y e r ,  (8 ) The in n e r  p le x ifo rm  la y e r ,  

(9 ) The g a n g lio n  c e l l  la y e r ,  (10) The n e rv e  f ib r e  la y e r  a n d  (11) 

The in t e r n a l  l im i t in g  m em brane .

The p h o to re c e p to r  c e lls  a re  o f tw o  ty p e s ,  d e s c r ib e d , fro m  

t h e i r  sh a p e s , as ro d s  a nd  cones. T h e y  s yn a p se  w ith  s m a ll in t e r 

n e u ro n s , th e  b ip o la r  c e l ls ,  w h ic h  th e m se lve s  syn a p s e  w ith  th e

g a n g lio n  c e l ls .  The a xon s  o f th e  g a n g lio n  c e lls  fo rm  th e  o p t ic  

n e rv e ,  a n d  c a r r y  v is u a l  in fo rm a t io n  fro m  the  r e t in a  to  th e  b r a in .  

In  a d d it io n  to  th is  s e q u e n t ia l sys tem , th e re  a re  tw o  la t e r a l  system s 

o f n e u ro n s : th e  h o r iz o n ta l c e l ls ,  w h ic h  fo rm  in te rc o n n e c t io n s

be tw een  th e  re c e p to r  c e l ls ,  a n d  th e  a m a c rin e  c e l ls ,  w h ic h  syn a p se  

w ith  each  o th e r ,  w i th  th e  g a n g lio n  c e l ls ,  a n d  w ith  th e  p ro x im a l 

ends o f th e  b ip o la r s .  F i l l i n g  th e  spaces be tw een  these  v a r io u s  

n e u ro n s  a re  th e  M u lle r  c e l ls .

The r e la t io n s h ip s  o f th e  v a r io u s  c e l l  ty p e s  to  th e  r e t in a l  

la y e rs  a re  as fo l lo w s :  The p ig m e n t e p ith e liu m  c e lls  fo rm  a

c o n tin u o u s  m o n o la y e r o f c e lls  e x te r n a l to  th e  n e u ra l r e t in a  a n d  

fo rm s  la y e r  (1 ) o f th e  r e t in a .  The re c e p to r  c e l ls ,  b o th  ro d s  

a n d  c o n e s , e x te n d  o v e r  s e v e ra l r e t in a l  la y e r s .  The p h o to re c e p t iv e  

e lem en ts  o f th e  re c e p to r  c e lls  a re  the  o u te r  segm en ts . I n t e r n a l  

to  th e  o u te r  segm ents a re  th e  in n e r  segm en ts , w h ic h  c a n  be re g a r d 

ed as s p e c ia lis e d  e n e rg y  s u p p ly in g  re g io n s  o f th e  re c e p to r  c e l ls .  

S e p a ra tin g  th e  re c e p to r  c e l l  n u c le i ,  in  th e  o u te r  n u c le a r  la y e r ,  

fro m  th e  in n e r  a n d  o u te r  segm ents is  th e  o u te r  l im i t in g  m em brane . 

E le c tro n  m ic ro s c o p ic  s tu d ie s  h a v e  re v e a le d  th a t  th e  e x te rn a l l i m i t 

in g  m em brane is  n o t a t r u e  m em brane b u t  a r e g u la r  a r r a y  o f

c e l l  ju n c t io n s  be tw een  th e  re c e p to r  c e lls  a n d  th e  f in e  d is t a l  p ro c e s s 

es o f th e  M i l l ie r  c e l ls .  The o u te r  p le x ifo rm  la y e r  c o n ta in s  th e



d e n d r ite s  a nd  syn a p se s  o f th e  ro d s  a nd  cones, th e  b ip o la r s  a nd  

th e  h o r iz o n ta l c e l ls .  The in n e r  n u c le a r  la y e r  c o n ta in s  th e  n u c le i 

o f th e  b ip o la r s ,  h o r iz o n ta l c e lls  a n d  M u lle r  c e l ls .  The in n e r  

p le x ifo rm  la y e r  c o n ta in s  th e  syn a p se s  a n d  d e n d r i t ic  p rocesses  

o f th e  b ip o la r  c e l ls ,  a m a c r in e  c e lls  a n d  g a n g lio n  c e l ls .  The

g a n g lio n  c e l l  la y e r  c o n ta in s  th e  n u c le i a nd  c e l l  b o d ie s  o f th e  

g a n g lio n  c e l ls ,  t h e i r  axon s  fo rm in g  th e  n e rv e  f ib r e  la y e r .  F in a l ly ,  

th e  in n e r  l im i t in g  m em brane is  fo rm e d  b y  th e  basem ent m em brane 

o f th e  M u lle r  c e lls  a n d  v it re o u s  c o lla g e n  f ib r e s .  These in t e r  

r e la t io n s  a re  su m m a rise d  d ia g ra m m a t ic a l ly  in  F ig .  1 .3 .

The s t r u c tu re  o f ro d s  a nd  cones is  show n rougW ^ in  F ig .

1 .3  The o u te r  segm en t, w h ic h  c o n ta in s  th e  v is u a l  p ig m e n t,  

c o n s is ts  o f a s ta c k  o f m em branous d is c s  in  ro d s  o r  p o s s ib ly  in f o ld 

in g s  o f th e  c e l l  m em brane in  cones. The o u te r  segm ent is

co nn e c te d  to  th e  in n e r  segm en t, w h ic h  c o n ta in s  num erous  m ito 

c h o n d r ia ,  b y  a t h in  n eck  whose s t ru c tu re  is  v e ry  l ik e  th a t  o f 

a c i l iu m .  In n e r  to  th e  in n e r  segm ent is  th e  c e l l  b o d y  w h ic h

c o n ta in s  th e  n u c le u s . . The in n e r  p o r t io n  o f th e  re c e p to r  c e l l

e x te n d s  in to  th e  o u te r  p le x ifo rm  la y e r  w h e re  th e  re c e p to r  c e l l  

s yn a p se  is  lo c a te d .

I t  has  become a p p a re n t th a t  th e  ro d s  a n d  cones h a v e  

d i f fe r e n t  fu n c t io n s .  The ro d s  a re  used  fo r  v is io n  in  c o n d it io n s

o f lo w  l i g h t  in te n s i t y  a n d  a re  n o t in v o lv e d  in  c o lo u r  v is io n .  

The cones a re  used  a t h ig h e r  l i g h t  in te n s i t ie s ,  a n d  fo r  c o lo u r  

v is io n .  In  th e  p r im a te  r e t in a ,  a t  le a s t ,  v is u a l  a c u i ty  is  h ig h e r  

fo r  cone v is io n  th a n  fo r  ro d  v is io n .  T h is  co m p rise s  th e  b a s is  

o f th e  d u p l ic i t y  th e o ry ,  w h ic h  w as f i r s t  p ro p o se d  b y  S c h u ltz  in  

1866. I t  is  w e ll  kn ow n  t h a t ,  in  v e ry  lo w  l i g h t  in te n s i t ie s ,

th e  fo ve a  is  p r a c t i c a l l y  b l in d ,  a n d  v is io n  depends upon  th e  

e x tr a fo v e a l re g io n s  o f th e  r e t in a ;  c o lo u r  v is io n  is  a b s e n t u n d e r



those  c o n d it io n s .  S c h u ltz  p o in te d  o u t th a t  these  fe a tu re s  c o r re la te  

w ith  th e  d is t r ib u t io n  o f th e  tw o  ty p e s  o f p h o to re c e p to r  c e l ls .

T h e re  a re  no ro d s  in  th e  fo v e a . He w e n t on to  e xam ine  th e

re t in a e  o f a v a r ie t y  o f d i f fe r e n t  v e r te b ra te s ,  a n d  show ed th a t  

n o c tu rn a l a n im a ls  te n d  to  h a v e  a g re a t  p re p o n d e ra n c e  o f ro d s , 

a n d  d iu r n a l a n im a ls  h a v e  a c o r re s p o n d in g  p re p o n d e ra n c e  o f cones. 

The r a b b i t ,  b e in g  c re p u s c u la r ,  has b o th  ro d s  a n d  cones, a lth o u g h  

ro d s  p re d o m in a te  c o n s t i tu t in g  a b o u t 92% o f th e  r a b b i t  p h o to re c e p to rs  

(H u g he s , 1971).

Some in fo rm a t io n  a b o u t th e  fu n c t io n a l s ta te  o f th e  r e t in a  

ca n  be d e r iv e d  fro m  th e  e le c tro re t in o g ra m  (E .R .G .) .  The ERG 

is  a mass e le c t r ic a l  re sp on se  o f th e  r e t in a  re c o rd e d  w ith  e x te rn a l 

e le c tro d e s , one p la c e d  on th e  c o rn e a  a n d  th e  o th e r  a t some 

in d i f f e r e n t  p o in t  on th e  b o d y . An enorm ous am oun t o f w o rk

has  been done on th is  re sp on se  s in ce  i t s  d is c o v e ry  in  1865 b y  

H olm grem  (E in th o v e n  a n d  J o l ly ,  1908, G ra n i t ,  1947, 1962. B ro w n ,

1968). The ERG h as  been used  to  assess th e  e ffe c ts  o f v a r io u s  

n o x io u s  s t im u l i  on th e  fu n c t io n  o f th e  r e t in a ,  in c lu d in g  l i g h t  

dam age (N o e l, 1965; N oe l, W a lk e r ,  K ang a n d  B erm an , 1966; 

G orn  a nd  K u w a b a ra , 1967; L a w w i l l ,  1973).

1 .3 .2  The Choroid

The c h o ro id ,  ly in g  be tw een  th e  n e u ra l r e t in a  a n d  th e  s c le ra ,  

is  a t h in ,  v a s c u la r ,  p ig m e n te d  t is s u e .  Because o f i t s  g re a t

v a s c u la r i t y ,  th e  c h o ro id  has some o f th e  p ro p e r t ie s  o f an  e re c t i le  

t is s u e .  The c h o r o id a l c a p i l la r ie s ,  th e  c h o r o ic a p i l la r i s , fo rm

a v e ry  u n u s u a l p a t te r n ,  b e in g  a r ra n g e d  in  a s in g le  la y e r  

im m e d ia te ly  a d ja c e n t to  th e  n e u ra l r e t in a  ; t h is  a rra n g e m e n t 

e n a b le s  th e  c a p i l la r y  la y e r  to  p ro v id e  n u t r i t io n  to  th e  o u te r  r e t in a .  

In  th e  m a jo r i t y  o f m a m m a lia n  spec ies  th e  r e t in a  i.s n o u r is h e d
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by s ep ara te  r e t in a l  and c h o ro id a l c irc u la t io n s . The r e t in a l

v e s s e ls  s u p p ly  th e  in n e r  r e t in a  in c lu d in g  th e  g a n g lio n  c e l l  

a n d  in n e r  n u c le a r  la y e r s .  The a r t e r ia l  v e s s e ls  o f th e  r e t in a l

c i r c u la t io n  a re  d e r iv e d  fro m  th e  c e n t r a l r e t in a l  a r te r y  w h ic h  

in  m any a n im a ls  a r is e s  as a b ra n c h  o f th e  o p h th a lm ic  a r te r y .  

H ow eve r, th e  r a b b i t  a l l  b u t  la c k s  a r e t in a l  c i r c u la t io n , th e  

e n t ir e  n u t r i t i o n a l  re q u ire m e n ts  o f th e  r e t in a  b e in g  met b y  

th e  c h o r o id a l c i r c u la t io n .  U n d e r these  c o n d it io n s  th e  c h o r o id a l 

c i r c u la t io n  is  o f e x trem e  im p o rta n c e  fo r  th e  m a in te n a n c e  o f 

s t r u c tu r e  a n d  fu n c t io n  o f th e  n e u ra l r e t in a .  The c h o r o id a l

s tro m a  c o n ta in s  a c o n s id e ra b le  n um b e r o f m e la n o c y te s , these  

c e lls  c o n ta in  th e  p ig m e n t,  m e la n in ,  w h ic h  is  re s p o n s ib le  fo r  

th e  d u s k y  b ro w n  a p p e a ra n c e  o f th e  c h o r o id a l t is s u e s .  T h is

p ig m e n ta t io n ,  in  a d d it io n  to  th e  p ig m e n t p re s e n t w i t h in  th e

r e t in a l  p ig m e n t e p ith e liu m  a c ts  in  m uch th e  same w a y  as th e  

a n t ih a la t io n  la y e r  o f a p h o to g ra p h ic  f i lm  in  re d u c in g  th e

b a c k  s c a t te r in g  o f l i g h t  w h ic h  w o u ld  o th e rw is e  d e g ra d e  th e

q u a l i t y  o f th e  im a g e  fo rm e d  on th e  r e t in a .

In  a d d it io n  to  m e e tin g  some o r a l l  th e  n u t r i t i o n a l  r e q u ir e 

m ents o f th e  r e t in a ,  th e  c h o r o id a l v e sse ls  s u p p ly  b lo o d  to  

a n d  re c e iv e  b lo o d  fro m  th e  a n te r io r  p o r t io n  o f  th e  e ye .

The n e rv e s  th a t  s u p p ly  th e  a n te r io r  p a r t  o f th e  eye a ls o  pass

th ro u g h  th e  c h o ro id  in to  th e  c i l i a r y  b o d y . The c h o ro id  i t s e l f  

h as  an e x te n s iv e  n e rv e  s u p p ly ,  w h ic h  is  p o s s ib ly  im p o r ta n t  

in  th e  re g u la t io n  o f th e  c h o r o id a l b lo o d  s u p p ly .

1.4  Background to the Present Study

In  g e n e ra l,  th e  a im  o f th is  th e s is  is  to  e xa m in e  b y

l i g h t  a n d  e le c tro n  m ic ro s c o p y  th e  m o rp h o lo g y  o f  th e  r a b b i t



r e t in a  fo l lo w in g  e x p o s u re  to  m o d e ra te  in te n s i t y ,  m o d e ra te  d u r a t io n  

i l lu m in a t io n  such  as e n c o u n te re d  in  some d ia g n o s t ic  a n d  th e ra p e u t ic  

p ro c e d u re s .

Eye dam age fro m  l i g h t  e xp o s u re  has been re c o g n is e d  

s in c e  e a r ly  re c o rd e d  h is to r y .  P la to  in  h is  "P haedo " re p o r ts

cases o f e c lip s e  b lin d n e s s .  G a lile o  is  kn o w n  to  h a ve  in ju r e d

h is  eyes b y  o b s e rv in g  th e  sun  th ro u g h  h is  te le sco p e  (W a lk e r ,  

1916) .  M ore r e c e n t ly ,  in  1916, s o la r  e c lip s e  b u rn s  on th e

re t in a e  o f o b s e rv e rs  w e re  d e s c r ib e d  b y  V e rh o ff  a nd  B e l l.

D u r in g  W orld  W ar 11 m i l i t a r y  p la n e  s p o tte rs  w e re  p u rp o r te d  

to  h a ve  re c e iv e d  eye dam age fro m  v ie w in g  th e  sun  th ro u g h

h ig h  p ow e r b in o c u la rs  ( F ly n n ,  1942).

Some o f th e  f i r s t  m o d e rn , q u a n t i ta t iv e  w o rk  m e a s u r in g  

th e  am oun t o f l i g h t  r e q u ir e d  to  p ro d u ce  r e t in a l  le s io n s  w as 

done in  th e  la t e r  1940s b y  M e y e r-S c h w ic k e ra ith  ( M e y e r-S c h w ic k e ra ilh

1969 ) w h ile  w o rk in g  w ith  th e  C a r l Z e iss  O p t ic a l C om pany.

T h is  w o rk  le d  to  th e  d e ve lo p m e n t o f th e  r e t in a l  p h o to c o a g u la to r ,

a d e v ic e  w h ic h  used  xe no n  a rc la m p s  to  p ro d u c e  l i g h t  w h ic h

w as s u f f ic ie n t ly  in te n s e  to  p ro d u c e  r e t in a l  le s io n s .  These

le s io n s  w e re  used  as "w e ld s "  to  ta c k  dow n d e ta ch e d  re t in a e .

D u r in g  th e  e a r ly  1950s Ham a n d  o th e rs  b e g a n  in v e s t ig a t in g

th e  p o s s ib i l i t y  o f r e t in a l  b u rn s  o c c u r r in g  as a consequence

o f o b s e rv a t io n  o f a to m ic  e x p lo s io n s  ( B u e ttn e r a n d  Rose, 1953; 

B y rn e s , B ro w n , Rose a n d  C ib is ,  1955; Rose, B ro w n , B y rn e s

a n d  C ib is ,  1956; B y rn e s , B ro w n , Rose a nd  C ib is , 1956; Ham, 

W e is in g e r , S ch m id t, W il l ia m s ,  R u f f in ,  S c h a ffe r  a n d  G u e rry ,  

1958). Sources o f l i g h t  fo r  the se  s tu d ie s  w e re  som ew hat s c a rc e , 

a n d  f la s h  b u rn s  fro m  a to m ic  d e to n a tio n s  w ere  n o t c o n s id e re d  

to  be a p u b l ic  h e a lth  p ro b le m .
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S ince th e  d e ve lo p m e n t o f th e  f i r s t  o p e ra t io n a l la s e r  (M a im a n , 

i 960 ) th e re  has been c o n s id e ra b le  re s e a rc h  a im ed  a t d e te rm in in g  

th e  e ffe c ts  o f la s e rs  on th e  e ye . L a s e rs  c a n  be d iv id e d

in to  tw o  g ro u p s  d e p e n d in g  on th e  n a tu re  o f t h e i r  o u tp u t .

1) C o n tin u o u s  w a ve  (C ¥ ) o r  q ua s i-C W  (a  n u m b e r o f 

s h o r t  p u ls e s  p e r  s e c o n d ).

2) P u ls e d  la s e rs  w h ic h  m ay be w o rk e d  "n o rm a l m ode"

w ith  a p u ls e  le n g th  a ro u n d  1ms, o r  Q -s w itc h e d , p ro d u c in g  

a g ia n t  p u ls e  w ith  a v e r y  s h o r t  d u r a t io n  o f be tw een  10 a n d  

300ns.

The e ffe c ts  o f  p u ls e d  la s e rs  a re  b e y o n d  th e  scope o f 

th is  th e s is ,  as th e  e x tre m e ly  s h o r t  p u ls e  d u r a t io n s  g iv e  r is e  

to  a v a r ie t y  o f non  -  l in e a r  e ffe c ts  such  as steam  a n d  m e la n in  

g ra n u le  e x p lo s io n s  w ith  a s s o c ia te d  shock  w aves  o fte n  p ro d u c in g  

m a ss ive  m e c h a n ic a l dam age to  th e  r e t in a .  E le c t r ic  f ie ld

e ffe c ts ,  e le c t r o s t r ic t iv e  s tre s s e s  a n d  r a d ia t io n  p re s s u re  e ffe c ts  

m ay a l l  o c c u r in  v e r y  h ig h  e n e rg y  s h o r t  d u r a t io n  p u ls e s .

H o w e ve r, th e  th e rm a l a n d  a s s o c ia te d  m e c h a n ic a l e ffe c ts  p ro d u c e d  

b y  p u ls e s  o f h ig h  e n e rg y  a n d  s h o r t  d u r a t io n  a re  so d e s t ru c t iv e

to  th e  r e t in a  th a t  th e y  need n o t be c o n s id e re d  in  a n y  d is c u s s io n  

o f n e a r  th re s h o ld  l i g h t  dam age  (M e l le r ip ,  1967; M akous a n d  

G o u ld , 1968 ; M a rs h a ll  a n d  M e lle r io ,  1968; L e ib o v itz ,  P eacock 

a n d  F r ie d m a n , 1969; M a r s h a l l ,  1970; M a rs h a ll  a n d  M e lle r io ,  

1970; V an  P e lt ,  P ayne  a n d  P e te rs o n , 1973; Ham, M u e lle r ,  

G o ldm an , Newm an, H o lla n d  a n d  K uw aba ra , 1974; G o ldm an , 

Ham a nd  M u e lle r ,  1975).

The e ffe c ts  o f CW la s e rs  a re  f a r  m ore p re d ic ta b le  in

te rm s  o f th e  r e t in a l  dam age th e y  a re  l i k e l y  to  p ro d u c e . 

A lth o u g h  p a ra m e te rs  such  as w a v e le n g th ,  a re a  o f r e t in a l  i l l u m in a 

t io n ,  p ig m e n ta t io n ,  p u ls e  d u r a t io n  a n d  r e t in a l  i l lu m in a n c e
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h a ve  to  be ta k e n  in to  c o n s id e ra t io n  as w e l l  as th e  p o s s ib i l i t y  

o f p h o to c h e m ic a l e ffe c ts  in  lo n g  d u r a t io n ,  lo w  e n e rg y  e xp o su re s  

(C a m p b e ll,  R i t t le r ,  N o y o r i,  Swope a n d  K o e s te r, 1966; L 'E s p e ra n c e  

a nd  K e l ly ,  1969; R osan, F lo c k s , V a s s i l ia d is ,  Rose, P eabody

a nd  Ham m end, 1969; B re s n ic k ,  F r is c h ,  P ow e l, L a n d e rs , H o ls t 

a n d  D a lla s ,  1970. Ham, G ee rae tes , M u e lle r ,  W il l ia m s ,  C la rk e

a n d  C le a v y , 1970; F r is c h ,  B e a tr ic e  a n d  H o lse n , 1971; M a rs h a l l ,  

F a n k h a u s e r ,  Lo tm an  a n d  R o u lie r ,  1971; P ow e l, B re s n ic k ,  Y a n o ff,  

F r is c h  a n d  C h e s te r, 1971; A dam s, B e a tr ic e  a n d  B e d e ll,  1972; 

S lin e y  a n d  F re a s ie r ,  1973; A p p le , G o ld b e rg  a n d  W y h in n y ,

1973; C a v o n iu s , E lg in  a n d  R o b b in s , 1974; M a rs h a l l ,  H a m ilto n  

a n d  B ir d ,  1975; Ham, M u e lle r  a n d  S lin e y ,  1976; L e rc h e , 

Beeger a n d  R ussow , 1978).

P h o to c o a g u la t io n  o f th e  r e t in a  has become common in  th e  

tre a tm e n t o f p r o l i f e r a t iv e  d ia b e t ic  r e t in o p a th y  a n d  o th e r  c o n d it io n s  

w h ic h  c a n  le a d  to  r e t in a l  d e ta ch m e n t a n d  b l in d n e s s .  

P h o to c o a g u la t io n  o f th e  r e t in a  ca n  be a c h ie v e d  w ith  b o th  CW 

la s e rs  a n d  xenon  a rc  p h o to c o a g u la to rs , le s io n s  o f th is  n a tu re  

a re  u s u a l ly  th e rm a l in  o r ig in ;  (G e e ra e ts , W il l ia m s ,  C h a n , 

Ham, G ue ry  a nd  S c h m id t, 1962) c o a g u la t io n  o f th e  r e t in a l  p ro te in s  

b e in g  p ro d u c e d  b y  h e a t t r a n s fe r  fro m  th e  r e t in a l  com ponent 

w h ic h  h as  a b s o rb e d  th e  in c id e n t  l i g h t ,  u s u a l ly  th e  m e la n in  o f 

th e  p ig m e n t e p ith e liu m  a n d  c h o ro id  o r  o c c a s io n a lly  b lo o d  in  

th e  r e t in a l  v e s s e ls . The r e t in a l  le s io n s  w ith  w h ic h  th is

th e s is  is  co n ce rn e d  a re  those  w h ic h  c a n n o t be e x p la in e d  on

th e  b a s is  o f th e rm a l c o a g u la t io n  o r  p ro te in  d é n a tu ra t io n .  

H ow ever, CW la s e rs  h a ve  been used  in  lo w  in t e n s i t y  lo n g  

e xp o s u re  e x p e r im e n ts . L a w w il l  (1973 ), a n d  L a w w il l ,  C ro c k e tt

a n d  C u r r ie r  (1977a, 1977b) em p loyed  th e  a rg o n  la s e r  a t  lo w

1 2



le v e ls  o f c o n t in u o u s  i l lu m in a t io n  fo r  4 h o u rs  to  p ro d u c e  r e t in a l  

dam age in  r a b b i t s  a n d  m o n ke ys . The re s u lts  o f these  s tu d ie s  

a re  c o m p a ra b le  to  those  o f th is  s tu d y ,  a lth o u g h  L a w w il l  p la c e d  

le ss  em p ha s is  on s t r u c t u r a l  dam age as re v e a le d  b y  l i g h t  a n d  

e le c tro n  m ic ro s c o p y  a n d  m ore on fu n c t io n a l  dam age as d e m o n s tra te d  

b y  e le c tro p h y s io lo g y .  L a w w il l  has  a ls o  su g g e s te d  th a t  l i g h t  

dam age m ig h t be m e d ia te d  b y  th e  v is u a l  p ig m e n t as l i g h t  

o f 514 . 4nm (a rg o n  la s e r ) ,  w h ic h  is  q u ite  c lo se  to  th e  p e a k  

a b s o rb t io n  o f rh o d o p s in ,  a b o u t SOOnm, is  u p  to  5 tim e s  more 

e f fe c t iv e  in  p ro d u c in g  r e t in a l  dam age th a n  w h ite  l i g h t  o f  th e  

same in t e n s i t y .  H o w e ve r, i t  h as  been show n b y  Ham « M u e lle r ,

a n d  ' S T i ’n e y (  1976) a n d  Ham, R u ffo lo , M u e lle r ,  C la rk e  a n d  Moon 

( 1978 ) th a t  th e  r e t in a 's  s e n s i t i v i t y  to  dam age in c re a s e s  m a rk e d ly  

a t  s h o r t  w a v e le n g th s .  The th re s h o ld  fo r  dam age p ro d u c e d

b y  l i g h t  o f a ro u n d  450nm b e in g  m ore th a n  2 o rd e rs  o f m a g n itu d e  

lo w e r th a n  th a t  fo r  l i g h t  o f 600-700nm . A n d e rs o n , C oy le

a n d  O 'S teen  (1972) h a ve  a ls o  re p o r te d  in c re a s e d  s e n s i t iv i t y  

to  dam age fro m  b lu e  l i g h t .  The m echan ism s u n d e r ly in g  th is

in c re a s e d  s e n s i t i v i t y  to  dam age  a t  th e  s h o r te r  w a v e le n g th s  

a re ,  as y e t ,  u n k n o w n  b u t  i t  p ro b a b ly  in v o lv e s  p h o to c h e m ic a l 

re a c t io n s  m e d ia te d  o th e r  th a n  b y  th e  v is u a l  p ig m e n ts  (Ham

MuelTer,ard^ S I i f i  e y  ,. 1976).

T h e re  h a v e  been a c o n s id e ra b le  n u m b e r o f s tu d ie s  on

th e  e ffe c ts  o f r e t in a l  i l lu m in a t io n  p ro d u c e d  b y  in s tru m e n ts  

such  as th e  in d i r e c t  o p h th a lm o s c o p e , (F r ie d m a n  a n d  K u w a b a ra , 

1968 ; IT so , W a llo w , P o w e ll a n d  Z im m erm an , 1972; T'so,, 

F in e  a n d  Z im m erm a n , 1972; i f  s o , 1973) in t r a  o c u la r  l i g h t

sou rces  such  as a re  used  in  v it r e c to m y ,  (P a v e l,  M achem ar 

a n d  A u m a g r, 1974; F u l le r ,  M acham er a n d  K n ig h to n , 1978) 

a n d  even  s l i t  la m p s  a n d  o p e ra t in g  m ic roscopes  (H o ch h e im e r,

D ' A nna  a n d  C a lk in s ,  1977 ) .
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E x p o s u re  o f m onkey re t in a e  to  a l l  o f  these  sou rces  fo r  

p e r io d s  ra n g in g  fro m  15 to  60 m in u te s  h a v e  been show n to

r e s u l t  in  d e te c ta b le  le s io n s  o f th e  r e t in a .  H ow eve r, w ith

l i g h t  sources  such  as th e  in d i r e c t  o p h th a lm o sco p e  th e  a re a

o f i l lu m in a t io n  in  th e  m onkey eye is  a b o u t h a l f  th a t  in  th e  

h um an  eye w ith  a c o r re s p o n d in g  in c re a s e  in  th e  in te n s i t y  

o f r e t in a l  i l lu m in a t io n ,  th e re fo re  i t  has  been a rg u e d  th a t

h um an  re t in a e  a re  p ro b a b ly  sa fe  fro m  dam age { P o m e ra n tz e ff , 

G ov ig n o n  a nd  S chepens, 1969).

C oncern  a b o u t e n v iro n m e n ta l l i g h t  le v e ls  h a s  been e x p re s s e d  

b y  C ogan (1968) w ho n o te d  th a t  in t e r io r  l i g h t  le v e ls  m ig h t

re a c h  1 0 ,0 0 0 ft-c ,  e q u iv a le n t  to  s u n l ig h t  o u t -o f -d o o rs .  In

th e  e x p e r im e n ts  o f N oe l, W a lk e r ,  K ang  a n d  B erm an (1 9 66 ),

G orn  a n d  K u w a b a ra  (1 9 6 7 ), G r ig  n o lo ,  O rz a le s i,  C a s te lla z z o

a n d  V it to n e  (1 9 69 ), c o n t in u o u s  e x p o s u re  o f a lb in o  ra ts  to  l i g h t  

o f a b o u t 7 0 0 -1 0 0 0 ft-c  r e s u lte d  in  i r r e v e r s ib le  dam ge to  th e  

r e t in a ,  u s u a l ly  in  th e  fo rm  o f  p h o to re c e p to r  dam age a n d  lo s s

a n d  p ig m e n t e p i t h e l ia l  d is tu rb a n c e s .  H o w e ve r, a lb in o  r a ts

a p p e a r  to  be h ig h ly  s e n s it iv e  to  r e t in a l  dam age r e s u l t in g  

fro m  c o n tin u o u s  e x p o s u re  to  l i g h t .

M ore re c e n t ly  in  an  e d i t o r ia l  Dobson (1976) e x p re s s e d  

c o n ce rn  a b o u t p h o to th e ra p y .  I t  has  become common in  m any

n e o n a ta l in te n s iv e - c a r e  u n i ts  to  use p h o to th e ra p y  to  lo w e r

th e  b i l i r u b in  le v e l in  lo w - b ir th - w e ig h t  in fa n ts  who s u f fe r  

fro m  h y p e r b i l i r u b in a e m ia .  The l i g h t  le v e ls  em p loye d  a re

in  th e  o rd e r  o f 3 0 0 -5 0 0 ft-c . E x p o su re  d u r a t io n s  ra n g e  fro m

a few  h o u rs  to  6 o r  m ore d a y s  o f c o n tin u o u s  o r  in te r m it te n t  

( e .g .  6 h o u rs  o n , 2 h o u rs  o f f )  e x p o s u re . E x p e r im e n ts  u s in g

p ig le t s ,  whose re t in a e  a re  s im i la r  to  those  o f n e w b o rn  in fa n ts ,

show ed e x te n s iv e  r e t in a l  dam age a f te r  as l i t t l e  as 12 h o u rs
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e x p o s u re  to  l i g h t  in  a c o m m e rc ia lly  p ro d u c e d  p h o to th e ra p y  

u n i t .  (S is s o n , G la u s e r ,  G la u s e r ,  Tasm an a n d  K u w a b a ra , 1970).

A d d i t io n a l ly ,  th e  s h o r t  w a v e le n g th s  o f l i g h t  w h ic h  

a re  th e  m ost e f fe c t iv e  in  p ro d u c in g  r e t in a l  dam age a re  a ls o  

th e  w a v e le n g th s  th a t  a re  th e  m ost e f f ic ie n t  in  lo w e r in g  b i l i r u b in  

le v e ls .  In  fo l lo w  up  s tu d ie s  on in fa n ts  r e c e iv in g  p h o to th e ra p y ,  

w i th  t h e i r  eyes o c c lu d e d , no e v id e n c e  o f r e t in a l  dam age has  

been d e te c te d . ( K a l in a  a n d  F o r re s t ,  1971; D obsen, C ow ett 

a n d  R ig g s , 1975).

In  r e la t io n  to  th e  i n a b i l i t y  to  d e te c t r e t in a l  dam age

in  in fa n ts  w ho h a d  re c e iv e d  p h o to th e ra p y ,  i t  is  in te r e s t in g  

to  no te  th a t  A nd e rso n  a n d  O 'S teen  (1972) re p o r te d  b la c k - w h ite  

a n d  p a t te rn  d is c r im in a t io n  in  r a ts  in  w h ic h  th e  p h o to re c e p to rs  

h a d  d is a p p e a re d  fo l lo w in g  l i g h t  dam age . To e x p la in  th is

a no m a lo us  f in d in g  th e y  p o s tu la te d  th a t  some r e t in a l  e lem en t 

o th e r  th a n  th e  p h o to re c e p to r  w as c a p a b le  o f d e te c t in g  l i g h t .  

H ow eve r, in  1976 C ice ro n e  a n d  L a V a il in d e p e n d e n t ly  d e s c r ib e d

s u r v iv in g  p h o to re c e p to rs  in  th e  l i g h t  dam aged  r a t  r e t in a .

From  t h e i r  s y n a p t ic  o rg a n is a t io n  a n d  n u c le a r  c h ro m a tin  

d is t r ib u t io n  the se  c e l ls  a p p e a re d  to  be cones. La  V a i l  ( 1976^ 

s u g g e s te d  th a t  these  s u r v iv in g  cone c e lls  m ay h a v e  been re s p o n s ib le  

fo r  th e  b la c k - w h ite  a n d  p a t te r n  d is c r im in a t io n  o b s e rv e d  in  

l i g h t  dam aged  r a ts  b y  A n d e rso n  a n d  O 'S teen  (1 9 7 2 ). These

o b s e rv a t io n s  w o u ld  s u g g e s t th a t  th e re  is  c o n s id e ra b le  re d u n d a n c y

w i t h in  th e  r e t in a  a n d  t h a t  m a n y  p h o to re c e p to rs  w o u ld  h a v e  

to  be lo s t  b e fo re  a n y  g re a t  im p a irm e n t o f v is u a l  fu n c t io n  w o u ld  

r e s u l t .  I t  has  been s u g g e s te d  b y  K u w a b a ra  a n d  O k is a k a

(1976) th a t  th e  r e t in a  m ay h a v e  an o v e ra b u n d a n c e  o f p h o to -
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re c e p to rs  to. com pensa te  fo r  t h e i r  g r a d u a l lo ss  due  to  a g e in g

o r dam age . I t  is  p o s s ib le  th a t  e xp o su re  to  l i g h t ,  even w i th in  

p h y s io lo g ic a l l im i t s ,  r e s u lts  in  a s low  lo ss  o f p h o to re c e p to rs  

w h ic h  is  n o t r e a d i l y  d e te c te d  b y  o p h th a lm o s c o p y  o r e le c tr o -  

p h y s io lo g ic a l in v e s t ig a t io n .  .S ub tle  a l te r a t io n s  o f,  a nd  dam age 

to ,  th e  p h o to re c e p to rs  a re  p ro b a b ly  o n ly  a p p a re n t  a t th e  

le v e ls  o f re s o lu t io n  a ffo rd e d  b y  l i g h t  m ic ro s c o p y  o f t h in  p la s t ic

s e c tio n s  o r b y  e le c tro n  m ic ro s c o p y .

The dam age p ro d u c e d  b y  m odera te  in te n s i t y  l i g h t  is  

u s u a l ly  r e s t r ic te d  to  th e  o u te r  r e t in a ,  i . e .  th e  r e t in a l  p ig m e n t

e p ith e liu m  a nd  th e  p h o to re c e p to rs . H ow ever, R a d n o t, J a b b a g g ,

H e sze ige r a n d  L ova s  (1969) re p o r te d  u l t r a  s t r u c tu r a l  ch an g es  

in  th e  M u lle r  c e lls  a nd  h o r iz o n ta l c e l ls ,  in  hum an  r e t in a .

F ifk o v a ,  (1972 a n d  1973) has re p o r te d  th in n in g  o f th e  o u te r  

n u c le a r  la y e r  a nd  o u te r  p le x ifo rm  la y e r  in  r a ts  fo l lo w in g

l ig h t  e x p o s u re .

Dam age to  th e  p h o to re c e p to rs  is  f i r s t  a p p a re n t w i t h in  

th e  o u te r  s e g m e n t. T h is  m a n ife s ts  i t s e l f  as a b re a k d o w n  in  

th e  o rd e re d  n a tu re  o f th e  m em braneous d is c s  o f th e  o u te r  segm ents . 

The se d is c s  ta k e  on a p p e a ra n c e s  v a r io u s ly  d e s c r ib e d  as w h ir ls

o r  v e s ic le s  (F r ie d m a n  a n d  K u w a b a ra , 1968). A t a b o u t th e

same tim e  as dam age to  th e  o u te r  segm ents becomes a p p a re n t ,  

ch a n g e s  in  th e  u l t r a s t r u c tu r e  o f th e  p ig m e n t e p ith e liu m  a re  

e n c o u n te re d . These c h a n g e s  a re  less  o b v io u s  th a n  those

in  th e  re c e p to r  c e l l  o u te r  segm ent a nd  a re  i n i t i a l l y  r e s t r ic te d  

to  d is te n s io n  o f c e l l  o rg a n e lle s  such as : th e  n u c le u s  th e

m ito c h o n d r ia  a nd  th e  sm ooth e n d o p la s m ic  re t ic u lu m .

In c re a s e d  s e v e r i ty  o f dam age re s u lts  in  in c re a s e d

o u te r  segm ent d is tu rb a n c e s  a n d  u s u a l ly  in v o lv e m e n t o f th e  

re c e p to r  c e l l  in n e r  segm ent (m ito c h o n d r ia l s w e ll in g )  a nd  c e ll body
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(n u c le a r  p y k n o s ls ,  s w e ll in g  o r  s h r in k a g e  o f re c e p to r  c e l l  c y to p la s m ) .  

R ecep to r c e l l  n u c le a r  p y k n o s is  is  th o u g h t ,  u l t im a te ly ,  to  le a d  to  

c e l l  d e a th  a n d  co m p le te  d e g e n e ra t io n  o f th e  re c e p to r  c e l l .  L ig h t  

d am aged  o u te r  segm ents h a ve  been show n to  be c a p a b le  o f com p le te  

re g e n e ra t io n ,  p ro v id e d  th e  re c e p to r  c e l l  b o d y  a n d  th e  r e t in a l  

p ig m e n t e p ith e liu m  a re  u nd a m a g e d  (W yse, 1980). Severe dam age 

to  th e  re c e p to r  c e lls  ca n  r e s u l t  in  com p le te  re c e p to r  c e l l  lo s s  

a cco m p a n ie d  b y  fu s io n  o f th e  a p ic a l  s u r fa c e  o f th e  r e t in a l  p ig m e n t 

e p ith e liu m  w ith  th e  M ü lle r  c e lls  o f th e  r e t in a  (K u w a b a ra  a n d  G orn ,

1968) .  I n  some in s ta n c e s , p re s u m a b ly  w hen  dam age to  th e  o u te r  

r e t in a  is  v e ry  se v e re , com p le te  lo s s  o f re c e p to r  c e lls  a n d  r e t in a l  

p ig m e n t e p ith e liu m  h as  been o b s e rv e d . In  these  in s ta n c e s , M u lle r  

c e lls  fo rm  an a d h e s io n  w ith  B ru c h s  m em brane , th e  o u te r  r e t in a  

b e in g  c o m p le te ly  a b s e n t (H a n so n , 1970a). In  in s ta n c e s  o f seve re  

re c e p to r  c e l l  dam age a n d /o r  p ig m e n t e p i t h e l ia l  dam ag e , p h a g o c y t ic  

c e lls  h a v e  been o b s e rv e d  am ong th e  re c e p to r  c e l l  o u te r  segm ent 

d e b r is .  These c e lls  a p p e a r  to  be p a r t i c u la r l y  a c t iv e  p h a g o c y te s , 

a n d  th e re  has been m uch s p e c u la t io n  as to  t h e i r  o r ig in s  (G lo o r, 

1969; H ansson , 1970a; O 'S teen  a n d  L y t le ,  1971; I s o , 1973;

O 'S teen  a n d  K a r c io g lu ,  1974). D u r in g  re c o v e ry  fro m  l i g h t  dam age 

h y p e r p la s ia  a nd  h y p e r - p ig m e n ta t io n  o f th e  r e t in a l  p ig m e n t e p ith e liu m  

h a v e  been o b s e rv e d  (T s 'o „  F in e  a n d  Z im m erm an, 1972; ..Tso, 1973).
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1.5 AIMS OF PROJECT

1) To in v e s t ig a te  b y  l i g h t  a n d  e le c tro n  m ic ro s c o p y  th e  f in e

s t r u c tu r a l  ch an g es  in  th e  r a b b i t  r e t in a  r e s u l t in g  fro m  m o d era te  

in te n s i t y ,  m ode ra te  d u r a t io n  (1 h o u r)  e xpo su re s  to  w h ite  l i g h t .

2) To d e te rm in e  th e  th re s h o ld  fo r  l i g h t  dam age .

3) To in v e s t ig a te  q u a l i t a t iv e ly  a nd  q u a n t i t a t iv e ly  dam age

to  in d iv id u a l  r e t in a l  com ponents r e s u l t in g  fro m  v a r io u s  deg rees 

o f s u p ra ." th re s h o ld  l i g h t  e x p o s u re .

4) To in v e s t ig a te  a n y  p o s s ib le  e ffe c t o f l i g h t  on th e  s t r u c tu re

o f th e  c h o ro id  a n d  to  assess th e  ro le  o f c h o ro id a l dam age 

in  p ro d u c in g  s e c o n d a ry  r e t in a l  ch a n g e s .

5) To s tu d y  th e  r e p a ir  p rocesses  fo l lo w in g  l i g h t  dam age .
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Fig .  1 .2 .  Electron micrograph of the re t ina .  Shown are

the e leven la y e rs  descr ibed from l ight  microscopic s tu d ies .

1. The ret ina l  pigment epithel ium, 2. The outer segments ,

3. The inner segments ,  A. The external  l imit ing membrane, 5. The 

outer nuclear  layer ,  6. The outer plexiform la y er ,  7. The inner  

nuclear  la y er ,  8. The inner plexiform layer ,  9. The gan g l ion  cell  

layer ,  10. The nerve fibre layer ,  11. The internal l imiting membrane



Fig. 1 ,3 .  Diagrammatic representation of in terre la t ionsh ips  of ce l l s  
in the ret ina .  P E: pigment epithelium; R: rod ce l l ;  C : cone cel l ;

H: horizontal c e l l ;  A: amacrine cell ;  B: bipolar  cel l ;  G: gangl ion

cel l ;  CC; choriocapil lar is .  (From Dowing and Boycott, 1966 s l ig h t ly

modified ) .



CHAPTER 2 

MATERIALS AND METHODS
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2 .1  A n im a ls

The r e t in a l  a n d  c h o r o id a l t is s u e s  e x a m in e d  w e re  o b ta in e d  

fro m  a t o ta l  o f 47 a d u l t  m a le  D u tch  r a b b i t s  w e ig h in g  be tw een

1 .3  a nd  2 .3 k g .  w ith  a m ean w e ig h t  o f 1 .8 3 k g . a n d  a s ta n d a rd  

d e v ia t io n  o f -  0 .2 6 k g . (see A p p e n d ix  1 fo r  f u l l e r  d e t a i ls ) .

In  a d d i t io n ,  a s m a ll n u m b e r o f n o rm a l eyes w e re  o b ta in e d  a t  

th e  end  o f e x p e r im e n ts  co n d u c te d  b y  o th e rs  w i t h in  th e  d e p a r tm e n t.

2 .2  L ig h t  Sources a n d  F ib re  O p tic s

On a l l  o c c a s io n s  l i g h t  w as d e l iv e re d  to  th e  e x p e r im e n ta l 

eye th ro u g h  a s p e c i f ic a l ly  d e s ig n e d  f ib r e  o p t ic  l i g h t  g u id e  (A p p e n d ix  

2 fo r  s p e c i f ic a t io n s ) .  The l i g h t  in p u t  fo r  th e  f ib r e  o p t ic s  w as 

fro m  e ith e r  o n e , o r  b o th  o f tw o  l i g h t  s o u rce s . T h is  w as p o s s ib le  

due  to  th e  o p t ic a l  a r ra n g e m e n t o f th e  f ib r e  o p t ic  g u id e  ( F ig . 

2 . 1 ).

Source 1 w as a c o m m e rc ia lly  a v a i la b le  u n i t ,  m a rk e te d  

as a l i g h t  so u rce  fo r  f ib r e  o p t ic  sys tem s. I t  c o n ta in e d  a m a in s  

t ra n s fo rm e r  g iv in g  a ra n g e  o f v o lta g e  o u tp u ts  to  21 .5  v o l t s .  

The l i g h t  source  w as a p re - fo c u s e d  150 w a t t  p ro je c to r  la m p , A t la s  

A l/1 8 4  ( F ig ,  2 .2 ) .  Due to  th e  d e s ig n , th e  la m p 's  b r ig h tn e s s  

c o u ld  o n ly  b y  a d ju s te d  b y  re d u c in g  th e  la m p 's  s u p p ly  v o lta g e .  

U n fo r tu n a te ly ,  t h is  a ls o  re d u c e d  th e  c o lo u r  te m p e ra tu re  o f th e  

la m p . C o n s e q u e n tly  th is  w as c o n s id e re d  as an  u n a c c e p ta b le  m ethod  

o f p ro d u c in g  v a r io u s  in te n s it ie s  o f l i g h t  o u tp u t  fro m  th e  f ib r e  

o p t ic  l i g h t  g u id e .  T h is  sou rce  w as o n ly  u s e d , w i th  th e  la m p  

d r iv e n  a t i t s  m a x im u m , w ith  S ource 2 to  o b ta in  th e  h ig h e s t in te n s i t y  

e n p lo y e d  in  these  in v e s t ig a t io n s  (A p p e n d ix  2 fo r  f u r t h e r  s p e c if ic a 

t io n s )  .

Source  2 w as s p e c ia l ly  c o n s tru c te d  ( F ig .  2 .3 ) .  I t  

c o n ta in e d  a m a in s  t ra n s fo rm e r  g iv in g  an o u tp u t  o f 24 v o l t s .
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The l i g h t  source  w as a 24 v o l t ,  250 w a t t  p ro je c to r  la m p  (A t la s  

A I /2 3 5 ) .  The o p t ic a l  a r ra n g e m e n t ( F ig .  2 .3 )  in c lu d e d  an  i r i s

d ia p h ra g m , w h ic h  a llo w e d  c o n tin u o u s  v a r ia t io n  o f th e  l i g h t  e n te r in g  

th e  f ib r e  o p t ic  l i g h t  g u id e ,  w ith o u t  a f fe c t in g  th e  c o lo u r  te m p e ra tu re  

o f th e  la m p , (A p p e n d ix  2 fo r  f u r t h e r  s p e c if ic a t io n s )

O n ly  w hen  th e  h ig h e s t  p o s s ib le  l i g h t  in te n s i t y  w as 

d e s ire d  w e re  b o th  l i g h t  sou rces  used  to g e th e r  ( F ig . 2 .1 ) .  A l l

o th e r  l i g h t  in te n s it ie s  w e re  o b ta in e d  fro m  Source 2, The o u tp u t

o f th is  source  c o u ld  be re d u c e d , b y  use o f th e  i r i s  d ia p h ra g m ,

u n t i l  th e  d e s ire d  o u tp u t  w as o b ta in e d .

The lo w e r o u tp u ts  o f Source 2 w e re  m e a su red  as a p e r 

ce n ta g e  o f th e  f u l l  o u tp u t  o f th e  s o u rce . T h is  w as a c h ie v e d  

b y  m e a s u r in g  th e  l i g h t  in te n s i t y  in  th e  c e n tre  o f th e  beam  a t

th e  end  o f th e  l i g h t  g u id e  w ith  a p h o to d io d e  l i g h t  m e te r (A p p e n d ix  

2 fo r  s p e c i f ic a t io n s ) .  The v o lta g e  o u tp u t o f th e  p h o to d io d e  l i g h t

m e te r w as d is p la y e d  on an  o s c illo s c o p e . ( L in e a r i t y  o f th e  l i g h t

m e te r w as ch ecke d  u s in g  a ra n g e  o f K odak n e u t r a l  d e n s ity  f i l t e r s .

I t  w as fo u n d  to  be a c c u ra te  w i t h in  th e  l im i t s  o f th e  f i l t e r s . )

The i r i s  d ia p h ra g m  o f Source 2 w as th e n  a d ju s te d  u n t i l  th e  re q u ir e d  

p e rc e n ta g e  o f th e  o u tp u t  o f th e  sou rce  w as o b ta in e d .

M easurem en ts  o f th e  l i g h t  in te n s it ie s  em p loyed  in  th is  

in v e s t ig a t io n  w e re  co n d u c te d  a t th e  D e p a rtm e n t o f C l in ic a l  P h y s ic s  

a nd  B io -e n g in e e r in g ,  West G raham  S tre e t, G la sgo w . These
_2

m easurem ents w e re  th e n  used  to  c a lc u la te  th e  l i g h t  le v e ls  in  mWcm 

w i t h in  th e  beam  e m itte d  b y  th e  f ib r e  o p t ic s  a n d  in c id e n t  upon  

th e  re t in a e  o f th e  e x p e r im e n ta l a n im a ls  ( F ig . 2 .4 ) .  (See A p p e n d ix  

2 fo r  ra w  d a ta  a n d  m ethod  o f e s t im a tin g  r e t in a l  i l l u m in a t io n . )
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2 .3  Methods Employed in  Non-Survival Light
Damage Experiments

The a n im a ls  w ere  a n a e s th e tis e d  w ith  40% u re th a n e  ( e th y l 

ca rb a m a te  made up in  d is t i l l e d  w a te r )  in je c te d  o v e r 10-15 m in u te s

v ia  th e  m a rg in a l e a r  v e in  u n t i l  th e  c o rn e a l r e f le x  h a d  d is a p p e a re d . 

The dose o f a n a e s th e t ic  w as d e p e n d a n t on b o d y  w e ig h t :  th e  am oun t

g iv e n  v a r y in g  be tw een  4 to  6 m l. p e r  k i lo g ra m  b o d y  w e ig h t .  

The p u p i l  o f th e  e x p e r im e n ta l eye w as m a x im a lly  d i la te d  w ith  

t o p ic a l ly  in s t i l l e d  1,0% c y c lo p e n to la te  a nd  10% p h e n y le p h r in e .

The a n im a l w as p la c e d  on i t s  s id e  a nd  co ve re d  w ith  a f e l t  b la n k e t .  

T h is  c o v e r in g  w as fo u n d  s u f f ic ie n t  to  m a in ta in  th e  a n im a l a t 

i t s  n o rm a l b o d y  te m p e ra tu re  (3 6 -3 8 °C ). The l id s  o f th e  e x p e r im e n t

a l eye w e re  re t ra c te d  w ith  a sp e cu lu m . The d is t a l  end  o f th e

f ib r e  o p t ic  g u id e  w as p o s it io n e d  c e n t r a l ly ,  2mm. fro m  th e  

c o rn e a . T h is  p ro d u c e d  an  a re a  o f i l lu m in a t io n  a p p ro x im a te ly

14mm. in  d ia m e te r  (See A p p e n d ix  2 fo r  c a lc u la t io n s  o f a re a  o f 

r e t in a l  i l l u m in a t io n ) .  The a n im a ls  w ere  exposed  to  one o f s ix

in te n s it ie s  (see F ig .  2 .4  a n d  A p p e n d ix  1 ) . A t th e  end  o f th e

v a r io u s  e xp o su re s  th e  r a b b i t s  w e re  k i l l e d  w ith  an  o ve rdo se  o f 

u ra th a n e  a nd  th e  eyes rem oved  a n d  f ix e d .  (T is s u e  p r e p a ra t io n  

is  d e s c r ib e d  in  S ection  2 .5 . ) R e t in a l a nd  c h o ro id a l t is s u e s  w e re  

th e n  ta k e n  fo r  h is to lo g ic a l  in v e s t ig a t io n .

2 .4  Methods Employed in Survival Light
Damage Experiments

The a n im a ls  use<=(. w ere  a n a e s th e tis e d  w ith  S a g a ta l (6% 

sod ium  p e n ta b a r b i t o l ) . As in t ra v e n o u s  a d m in is t r a t io n  w as re q u ir e d  

th ro u g h o u t  th e  co u rse  o f th e  e x p e r im e n t a 23 g a u g e  nee d le  w as

le f t  in  p o s it io n  in  th e  m a r g in a l e a r  v e in .  To p re v e n t b lo o d  

c o a g u la t io n  a nd  a llo w  f in e r  a d ju s tm e n t o f th e  le v e l o f a n a e s th e s ia
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th e  S a g a ta l w as d i lu te d  w ith  s a lin e  a n d  h e p a r in .  Two s l ig h t ly  

d i f fe r e n t  doses w ere  u se d . F i r s t l y ,  2m l. o f S a g a ta l a n d  1m l. 

o f h e p a r in  (1 ,000  u n i ts )  w e re  made up  to  10m l. b y  th e  a d d it io n

o f 7 m l. o f s a lin e  (0.9%  w / v ) .  S e c o n d ly , 3 m l. o f S a g a ta l a n d

1m l. o f h e p a r in  (1 ,0 0 0  u n i ts )  w e re  made up  to  10m l. b y  th e  

a d d it io n  o f 6 m l. o f s a lin e  (0.9%  w / v ) .  The dose w as d e p e n d a n t 

on b o d y  w e ig h t :  th e  am oun t g iv e n  in  th e  f i r s t  case b e in g -  a b o u t

4 m l. p e r  k g .  o f b o d y  w e ig h t a n d  in  the  second case  3 m l. p e r

k g .  o f b o d y  w e ig h t .

The p u p i ls  o f th e  e x p e r im e n ta l eyes w ere  m a x im a lly

d i la te d  w ith  1.0% c y c lo p e n to la te  a n d  10% p h e n y le p h r in e .  T o p ic a l 

a n a e s th e t ic ,  (1.0%  a m e th o ca in e  h y d ro c h lo r id e )  w as g iv e n  a p p ro x 

im a te ly  10 m in u te s  b e fo re  in s e r t io n  o f th e  sp e cu lu m . The a n im a ls

w ere  exposed  to  one o r  o th e r  o f th e  h ig h e s t l i g h t  in te n s it ie s  ( F ig .

2 .4 , in te n s it ie s  1 a n d  2 ) .  A f te r  th e  one h o u r  l i g h t  e xp o su re

th e  a n im a ls  w e re  p la c e d  in  a d a r k  e n v iro n m e n t to  re c o v e r fro m  

th e  a n a e s th e t ic .  Once th e  a n im a ls  w ere  a c t iv e  th e y  w ere  re tu rn e d  

to  th e  a n im a l house a n d  le f t  to  re c o v e r fo r  p e r io d s  o f 6 h o u rs , 

24 h o u rs , 48 h o u rs ,  4 d a y s , 1 w eek , 2 weeks o r  4 weeks (see 

A p p e n d ix  1 ) . D u r in g  th e  re c o v e ry  p e r io d  th e  a n im a ls  w ere  m a in 

ta in e d  u n d e r  n o rm a l la b o r a to r y  c o n d it io n s  o f a r t i f i c i a l  i l lu m in a t io n  

fro m  7 .30am  to  17.30pm .

A t th e  end  o f th e  a p p ro p r ia te  re c o v e ry  p e r io d  th e  a n im a ls  

w e re  k i l l e d  w ith  an  o ve rdo se  o f a n a e s th e t ic ,  th e  eyes re m o ve d , 

a n d  r e t in a l  a n d  c h o r o id a l t is s u e s  ta k e n  fo r  h is to lo g ic a l  in v e s t ig -  

t i o n .
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2.5  Tissue Preparation for Light and Electron
M ic ro s c o p y

Im m e d ia te ly  a f te r  re m o v a l th e  eyes w e re  b is e c te d  in  

th e  e q u a to r ia l  p la n e  a n d  th e  v it re o u s  rem o ve d . The p o s te r io r  

h a lv e s  w ere  im m ersed  in  3% g lu ta ra ld e h y d e  b u f fe re d  w ith  0 .2M  

sod ium  c a c o d y la te  (pH  1 .2 -1  ,L,) a t  room te m p e ra tu re  fo r  a m in im um  

o f 4 h o u rs .  B e fo re  p ro c e s s in g  , a re a s  o f r e t in a l  a nd  c h o ro id a l 

t is s u e  w e re  ta k e n  fro m  s e le c te d  re g io n s .  S ix te e n  b lo c k s  w ere  

ta k e n  fro m  each  e x p e r im e n ta l eye ( F ig .  2 .5 ) .  I n  a l l  cases 4 

b lo c k s  w e re  ta k e n  fro m  each  c o n t ro l eye . The b lo c k s  w ere  s e le c te d  

fro m  a n y w h e re  w i t h in  an  a re a  w h ic h  c o rre s p o n d e d  to  th e  a re a  

fro m  w h ic h  t is s u e  w as se le c te d  in  th e  e x p e r im e n ta l e ye . The 

p ie ce s  o f t is s u e  w e re  d is s e c te d  o u t in  b u f fe re d  sucrose  (0 .2M  

sod ium  c a c o d y la te  in  1% su cro se  s o lu t io n ) .  The t is s u e  p ie ce s  

w e re  w ashed  a t le a s t  3 tim e s  in  th is  s o lu t io n  p r io r  to  s e c o n d a ry  

f ix a t io n  w ith  b u f fe re d  osm ium  te t r o x id e  (0 .2M  sod ium  c a c o d y la te )  

fo r  1 h o u r .  A f te r  o s m ic a tio n  th e  t is s u e  w as a g a in  w ashed  in  

b u f fe re d  1% su c ro se . T h is  w as fo llo w e d  b y  d e h y d ra t io n  th ro u g h  

a g ra d e d  s e rie s  o f a lc o h o ls .  F rom  100% a lc o h o l th e  t is s u e  w as 

p asse d  th ro u g h  in c re a s in g  c o n c e n tra t io n s  o f S p u r r 's  re s in  (S p u r r ,

1969) .  The em bedded t is s u e  w as c u re d  fo r  18 h o u rs  a t 60°C ( F ig .  

2 .6 ).
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2 ,6  M icroscopy

S elected  p la s t ic  em bedded t is s u e  b lo c k s  w ere  tr im m e d  

to  s ize  w ith  ra z o r  b la d e s  u n d e r  a lo w  pow er m ic ro sco p e . A f te r  

t r im m in g ,  s e c tio n s  fo r  b o th  l i g h t  a n d  e le c tro n  m ic ro s c o p y  w e re  

c u t w ith  an L .K .B .  U ltra to m e  111.

2 .6 .1  Light Microscopy

1 to  2pm s e c tio n s  w e re  c u t w ith  g la s s  k n iv e s .  The 

se c tio n s  w e re  t r a n s fe r r e d  to  g la s s  s lid e s  a n d  g e n t ly  d r ie d  on 

a h o tp la te .  The s e c tio n s  w ere  s ta in e d , w h ile  h o t, w ith  to lu id in e  

b lu e  (1% to lu id in e  b lu e  p lu s  an  e q u a l vo lum e  o f 2.5% sod ium  

c a rb o n a te )  fo r  5 to  10 seconds . The s ta in e d  s e c tio n s  w ere  th e n  

d i f fe r e n t ia te d  in  d is t i l l e d  w a te r  a nd  70% m e th y l a lc o h o l.  The 

d r ie d  se c tio n s  w e re  th e n  f i t t e d  w ith  c o v e rs lip s  a n d  m ounted  in  

H a r le c o 's  s y n th e t ic  r e s in .

S ec tions  w e re  e xa m in e d  w ith  a L e itz  O r th o p la n  m ic ro sco p e . 

S u ita b le  se c tio n s  w e re  th e n  p h o to g ra p h e d , e i th e r  on K odak K o d a - 

chrom e 25 o r  K odak  P a n a to m ic  X.

2 .6 .2  Electron Microscopy

F o llo w in g  l i g h t  m ic ro s c o p y  b lo c k s  o f in te r e s t  w ere  

re tr im m e d  a nd  c u t w ith  g la s s  k n iv e s .  Sections. 70-80nm ;.in  th ic k n e s s  

( S i lv e r - g o ld  in  a p p e a ra n c e  b y  re lfe c te d  l i g h t )  a f te r  s t re tc h in g  

w ith  c h lo ro fo rm , w ere  c o lle c te d  on c o p p e r g r id s  o f 100 o r  150 

mesh s iz e . These w e re  d o u b le  s ta in e d  w ith  le a d  c i t r a te  (R e y n o ld s , 

1963) a n d  u r a n y l  a c e ta te .

The s e c tio n s  w e re  e xa m in e d  w ith  a P h i l ip s  E M .301 e le c tro n  

m ic ro sco p e . S u ita b le  s e c tio n s  w e re  p h o to g ra p h e d  a t a v a r ie t y  

o f m a g n if ic a t io n s  on K odak  e le c tro n  im a g in g  f i lm .
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iin  optic guide

Figure 2,1

D ia g ra m m a tic  re p re s e n ta t io n  o f th e  a rra n g e m e n t o f 

the  l i g h t  sou rces  a nd  f ib r e  o p t ic s .
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Figure 2.2

Photograph showing the internal arrangement of l ight  

Source 1. T: transformer; L: lamp with internal reflector.



1

Figure 2 .3

Photograph showing the in ternal  arrangement of l ight  

Source 2. E: e l i p s o id a l  reflector; CL: con den s in g  lenses ;

ID: ir i s  d iaphragm .



LIGHT INTENSITIES

GROUP

SOURCES 

1 2

IN TE N S ITY

5 0 cm

AT VARIOUS DISTANCES ^

1 5 cm 2 . 5 cm

ESTIMATED RETINAL ILLU M IN A T IO N  

A * B"

1 ON 1 0 0 :  ON 0 . 9 1 mWcm"^ 1 0 . 08mHcm‘ 2 3 6 3 mHcm' 2 8 4 . 4 MWCM" 2 1 6 8 . 4 MWcM" 2

2 OFF 1 0 0 :  ON 0 . 41 mWcm"^ 4 . 6 1 mHcm~^ 1 6 6 mHcm'^ 3 9 . 6mHcm“ 2 7 7 . 2 mHcm‘ 2 ‘

3 OFF 8 5 % ON 0 . 3 4 MWcM" 2 3 . 9 2 mHcm’ 2 lAÛM HcM'Z "3 2 . 8mHcm“ ^ 6 5 , 6mHcm~^

4 OFF 7 5 :  ON 0 . 31mWcm“ ^ 3 . 4 6 mHcm"^ 1 1 6mHcm' 2 2 8 . 9mHcm' 2 5 7 . 9mWcm' 2

5 OFF 6 0 :  ON 0 . 2 5 mHcm'^ 2 . 7 7 mHcm’ 2 IO O mHC m ' ^ 2 3 . 2 mHcm“ 2 4 6 . 3 MWcM~2

6 OFF 5 3 :  ON 0 . 2 2 mHcm' 2 2 . 4 4 MWCM- 2 8 0 mHcm“^ 2 0 . 4 MWcM" 2 4 0 . 9MWcM"2

1 )  ASSUMING INVERSE SQUARE LAM APPLIES

A * ASSUMING AREA OF RETINAL ILLUM INATIO N  
TO BE AS ESTIMATED

B" a s s u m in g  a r e a  o f  r e t in a l  ILLUM INATIO N  
TO BE % OF THAT ESTIMATED

F ig u re  2 .4

T a b le  g iv in g  m easurem en ts  o f th e  l i g h t  in te n s it ie s ,  

e m p loye d  a n d  e s tim a te s  o f a c tu a l r e t in a l  i l lu m in a t io n  le v e ls .



F ig u re  2 .5

D ia g ra m  s h o w in g  th e  g r id  used to  id e n t i f y  t is s u e  b lo c k s



F ig u re  2 .6

TISSUE PREPARATION

1 ) lM M E R S tO N „F IX  3% GLUTERALDEHYDE IN  CACODYLATE BUFFER 
( m in im u m  2 h h o u r s ; .

2 )  TISSUE D lSEC T IO N , 3 WASHES CACODYLATE BUFFER.

3 )  SECONDARY F IX A T IO N  IX  OSMIUM TETROXIDE IN CACODYLATE 
BUFFER ( 1  h o u r )  .

5 )  DEHYDRATE THROUGH GRADED SERjgg^OF ALCÇHOLS 1 0 , 3 0 , 6 0

6 )  IMPREGNATE THROUGH GRADED SERIES OF ALCOHOL /  SPÜRRS 
RESIN MIXTURES 50%, 75X, 100% R E S IN . BLOCKED OUT INTO 
FRESH R E S IN .

4 )  3 WASHES OVER I S m IN ,  IN  CACODYLATE BUFFER,

DEHYDRATE THROUGH GRADED SERIES OF ALCOHOL:
AND 90%. PLUS 4 CHANGES OF 100% OVER 1 HOUR.

7) CURE FOR 20 HOURS AT 60°C.

F IX A T IV E

0.2M  Na CACODYLATE 33 mL .
25% GLUTERALDEHYDE 12 m L .

D IS T IL L E D  H2 O 5 5 m l. 

l.O M  CALCIUM CHLORIDE 0 .9 m L  "

BUFFER

0 .2 M  NA CACODYLATE 3 3 m L .

8% SUCROSE 1 2 .6 m l .

D IS T IL L E D  H2 O 5 4 .5 m l ,

•  FREQUENTLY OMITTED DUE TO TENDENCY TO FORM P R E C IP ITA TE ,

T a b le  g iv in g  th e  t is s u e  p ro c e s s in g  p ro to c o l.



CHAPTER 3

THE APPEARANCE OF NORMAL RABBIT RETINA AND 

CHOROID BY LIGHT AND ELECTRON MICROSCOPY
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3 .1  INTRODUCTION

The p u rp o s e  o f th is  c h a p te r  is  to  d e s c r ib e  th e  m o rp h o lo g y  

o f th e  r a b b i t  r e t in a  a n d  c h o ro id  in  s u f f ic ie n t  d e ta i l  to  a llo w

c o m p a r is o n s  to  be m ade b e tw een  th e  n o rm a l c o n d it io n  a n d  th e  

a b n o rm a l c o n d it io n s  d e s c r ib e d  in  la t e r  c h a p te rs .

The s t r u c tu r e  o f th e  re t in a e  o f a v e ry  la r g e  v a r ie t y

o f v e r te b ra te  s p e c ie s , in c lu d in g  th e  r a b b i t ,  is  w e l l  docu m e n te d . 

T h e re fo re  d e ta i le d  d e s c r ip t io n s  g iv e n  in  th is  c h a p te r  w i l l  be 

l im ite d  to  those  c e l l  ty p e s  o f  p a r t i c u la r  in te r e s t ,  i . e .  th e  r e t in a l  

p ig m e n t e p ith e l iu m ,  th e  re c e p to r  c e l ls ,  a n d  th e  M u lle r  c e l ls .  

The o th e r  c e lls  o f th e  r e t in a  w i l l  be d e s c r ib e d  b u t  in  le ss  d e ta i l .

The c h o ro id  w as o f p a r t i c u la r  in te r e s t  as i t  w as th o u g h t

to  be th e  so u rce  o f th e  exogenous  m a c ro p h a g e s , o b s e rv e d  in

th e  e x p e r im e n ta l t is s u e ,  e i th e r  d i r e c t ly  o r  fro m  i t s  b lo o d  s u p p ly .

I t  is  th e re fo re  n e c e s s a ry  to  g iv e  a d e s c r ip t io n  o f i t s  n o rm a l

m o rp h o lo g y  a n d  th e  v a r io u s  c e l l  ty p e s  w h ic h  w e re  e n c o u n te re d  

in  th is  t is s u e .

A g e n e ra l d e s c r ip t io n  o f th e  a p p e a ra n c e  o f th e  r e t in a

a n d  c h o ro id  b y  l i g h t  m ic ro s c o p y  w i l l  be g iv e n  a n d  a m ore d e ta i le d

d e s c r ip t io n  o f th e  c e l l  ty p e s  o f p a r t i c u la r  in te r e s t  b y  e le c tro n  

m ic ro s c o p y .

3 .2  LIGHT MICROSCOPY

3.2 .1  The Retina

The r a b b i t  is  a c re p u s c u la r  a n im a l a n d  th is  is  re f le c te d  

in  th e  s t r u c tu r e  o f th e  r e t in a .  The r e t in a  is  d e v o id  o f a 

fo v e a  a n d  is  ro d  d o m in a te d , a lth o u g h  cone c e lls  a re  p re s e n t.
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H is to lo g ic a l ly ,  th e  r e t in a  ca n  be d iv id e d  in to  th re e  re g io n s : 

th e  v is u a l  s t re a k  (a p p r o x im a te ly  ro w  B o r  C in  F ig .  2 .5 ) ,  th e  

p e r ip h e r y  ( ro w  D a n d  b e lo w  in  F ig .  2 .5 ) ,  a n d  th e  re g io n  o f 

th e  m e d u lla te d  f ib r e s  ( ro w  A a n d  above  in  F ig .  2 .5 ) .

The v is u a l  s t re a k  ( F ig .  3 .1 ) .  T h is  re g io n  is  th e  th ic k e s t  

a n d  m ost h ig h ly  d e v e lo p e d . I t  w as c h a ra c te r is e d  b y  w e ll  d e v e lo p 

ed re c e p to r  c e l l  o u te r  segm en ts , a t h ic k  o u te r  n u c le a r  la y e r ,  

a t h ic k  in n e r  n u c le a r  la y e r ,  a n d  an  a lm o s t c o n tin u o u s  s in g le  

la y e r  o f g a n g lio n  c e l ls .  The h ig h  r a t io  o f re c e p to r  c e lls  to  

g a n g lio n  c e lls  im p lie s  c o n s id e ra b le  sum m ation  o f v is u a l  in fo rm a t io n  

w i t h in  th e  r e t in a .  The c h a r a c t e r is t ic a l ly  t h ic k  in n e r  a n d  o u te r  

p le x ifo rm  la y e r s ,  t y p ic a l  o f n o c tu rn a l a n im a ls ,  p ro b a b ly  p ro v id e  

th e  s t r u c tu r a l  b a s is ,  w ith  t h e i r  m a n y  s y n a p s e s , fo r  th e  su m m ation  

o f v is u a l  in fo r m a t io n .

The fo l lo w in g  d e s c r ip t io n  o f th e  r e t in a l  la y e rs  c a n  g e n e r a l ly  

be a p p lie d  to  a l l  th re e  re g io n s  o f  th e  r e t in a .  The o u te r  r e t in a  

in c lu d e d  th e  r e t in a l  p ig m e n t e p ith e liu m  a n d  th e  re c e p to r  c e lls  

( F ig .  3 .2 ) .  The p ig m e n t e p ith e liu m  c o n s is te d  o f a m o n o la y e r 

o f c e lls  e x te n d in g  a l l  d ir e c t io n s  fro m  th e  o p t ic  n e rv e  hea d  to  

th e  o ra  s e r r a ta .  The c e l ls  o f th e  r e t in a l  p ig m e n t e p ith e liu m  

w e re  u s u a l ly  mono o r  b in u c le a te ,  w ith  c o n s p ic u o u s  m e la n in  

g ra n u le s  in  t h e i r  a p ic a l  c y to p la s m . In n e r  to  th e  r e t in a l  p ig m e n t 

e p ith e liu m  w e re  th e  re c e p to r  c e l ls .  These a p p e a re d  to  be o f 

tw o  d is t in c t  m o rp h o lo g ic a l ty p e s .  By f a r  th e  m ost n um erous  

w e re  ro d  c e l ls .  These c e l ls  h a d  lo n g  s le n d e r  o u te r  segm ents 

a n d  s h o r t  in n e r  segm en ts . The o the rs  c e l l  ty p e ,  th e  cones,

h a d  lo n g e r  in n e r  segm ents th a n  th e  ro d s  a nd  c o n s e q u e n tly  s h o r te r  

o u te r  segm en ts . The in n e r  segm ents o f b o th  th e  ro d s  a n d  cones 

w e re  c le a r ly  s e p a ra te d  fro m  th e  o u te r  n u c le a r  la y e r
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b y  th e  o u te r  l im i t in g  m em brane , w h ic h  a p p e a re d  b y  l i g h t  m ic ro 

sco py  as a d is c o n t in u o u s ,  in te n s e ly  s ta in in g  l in e .  In n e r

to  th e  o u te r  l im i t in g  m em brane w ere  th e  re c e p to r  c e l l  n u c le i .  

These a p p e a re d  to  be o f tw o  ty p e s ,  d is t in g u is h a b le  b y  s ize  a n d  

c h ro m a tin  p a t te r n .  The la r g e r ,  le s s  f r e q u e n t ly  o b s e rv e d  n u c le i ,  

h a d  a d if fu s e  c h ro m a tin  p a t te r n ,  w ere  f r e q u e n t ly  fo u n d  a d ja c e n t 

to  th e  o u te r  l im i t in g  m em brane , a n d  b e lo n g e d  to  th e  cone c e lls  

( F ig ,  3 .2 ) .  The s m a ll n u c le i w e re  m ore n u m e ro u s , possessed  

a m ore p ro n o u n c e d  c h ro m a tin  p a t te r n ,  a n d  b e lo n g e d  to  th e  ro d  

c e l ls  ( F ig .  3 .2 ) .

The re c e p to r  c e l l  s y n a p se s  fo rm ed  th e  o u te r  m a rg in  o f th e

o u te r  p le x ifo rm  la y e r  ( F ig .  3 .3 )  a nd  w e re  o f tw o  ty p e s .  The 

ro d  syn a p se s  w e re  s m a ll a n d  s p h e r ic a l w h ile  th e  cone syn a p se s

w e re  la r g e r  a n d  o fte n  t r ia n g u la r  in  o u t l in e  w ith  th e  a p ic e s  o f 

th e  t r ia n g le s  p o in t in g  to w a rd  th e  p ig m e n t e p ith e l iu m .  The 

in n e r  re g io n s  o f th e  o u te r  p le x ifo rm  la y e r  w e re  fo rm e d  b y  num erous  

p rocesses  fro m  c e lls  l y in g  in  th e  in n e r  n u c le a r  la y e r .

The in n e r  n u c le a r  la y e r  ( F ig .  3 .3 ) c o n ta in e d  th e  c e l l  b o d ie s  

o f th e  h o r iz o n ta l c e l ls ,  th e  b ip o la r  c e lls  a n d  th e  a m a c rin e

c e l ls .  The re m a in d e r  o f th e  in n e r  n u c le a r  la y e r  w as o c c u p ie d  

b y  M u lle r  c e l l  c y to p la s m . The n u c le i o f th e  M ü lle r  c e lls  w e re  

a ls o  fo u n d  in  th e  in n e r  n u c le a r  la y e r .  T hey  w e re  s itu a te d  c e n t r a l ly  

in  th e  la y e r ,  w e re  a n g u la r  in  o u t l in e ,  la c k e d  a n u c le o lu s ,  arvd 

s ta in e d  more e v e n ly  th a n  th e  o th e r  n u c le i o f th e  la y e r .  H o r iz o n ta l 

c e lls  Vv'ere fo u n d  on th e  o u te r  s id e  o f  th e  in n e r  n u c le a r  la y e r

T h e ir  n u c le i  w e re  la r g e ,  p a le  s ta in in g ,  a n d  o fte n  s u rro u n d e d

b y  v e ry  p o o r ly  s ta in in g  c y to p la s m . The a m a c r in e  c e lls  w e re  

fo u n d  on th e  in n e r  s id e  o f th e  in n e r  n u c le a r  la y e r .  T h e ir

n u c le i o fte n  show ed a n  in d e n te d  p r o f i le  a n d  th e  o c c a s io n a l n u c le o -
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lu s .  The b ip o la r  c e l ls ,  l i k e  th e  M u lle r  c e l ls ,  h a d  t h e i r  n u c le i 

c e n t r a l ly  s i tu a te d  in  th e  in n e r  n u c le a r  la y e r .  T h e ir  n u c le i 

w e re  le ss  a n g u la r  th a n  th o se  o f th e  M ü lle r  c e lls  a n d  c o u ld  be 

f r e q u e n t ly  id e n t i f ie d  b y  th e  p re se n ce  o f a p ro m in e n t n u c le o lu s .

In n e r  to  th e  in n e r  n u c le a r  la y e r  w as th e  in n e r  p le x ifo rm  

la y e r  ( F ig .  3 .4 ) .  T h is  la y e r  w as com posed o f p rocesses  fro m

th e  a m a c r in e  c e l ls ,  b ip o la r  c e l ls ,  M u lle r  c e l ls ,  a n d  g a n g lio n  

c e l ls .  The g a n g lio n  c e l ls  ( F ig .  3 .4 )  la y  in n e r  to  th e  in n e r  

p le x ifo rm  la y e r  a n d , in  th e  re g io n  o f th e  v is u a l  s t re a k ,  fo rm e d

an a lm o s t c o n tin u o u s  ro w  o f c e l ls .  The n u c le i a n d  c y to p la s m

o f th e  g a n g lio n  c e lls  w e re  s im i la r  in  t h e i r  s ta in in g  c h a r a c te r is t ic s ,  

a lth o u g h  some n u c le i show ed a p ro m in e n t n u c le o lu s .

In n e r  to  th e  g a n g lio n  c e l l  la y e r  w as th e  n e rv e  f ib r e  

la y e r  ( F ig .  3 .4 ) .  A l l  a ro u n d  th e  c e l l  b o d ie s  o f th e  g a n g lio n

c e lls  a n d  th e i r  a x o n s , w h ic h  fo rm e d  th e  n e rv e  f ib r e  la y e r ,  e x te n d e d  

M ü lle r  c e l l  c y to p la s m . The in n e rm o s t a sp e c t o f th e  r e t in a  

w as m a rk e d  b y  th e  te r m in a t io n  o f th e  M u lle r  c e l l  c y to p la s m  

a t th e  in n e r  l im i t in g  m em brane ( F ig .  3 .4 ) .

The  p e r ip h e r a l  r e t in a  ( F ig .  3 .5 ) .  T h is  re g io n  o f th e

r e t in a  w as th in n e r  a n d  le ss  w e ll  d e ve lo p e d  th a n  th e  r e t in a  in

th e  re g io n  o f th e  v is u a l  s t r e a k .  The re c e p to r  c e lls  o f th e  p e r i 

p h e ry  h a d  s h o r te r  segm ents th a n  tho se  o f th e  v is u a l  s t re a k .

The th ic k n e s s  o f th e  o u te r  n u c le a r  la y e r  w as re d u c e d  co m p ared  

to  th e  v is u a l  s t r e a k .  T h is  in d ic a te d  a lo w e r re c e p to r  c e l l  d e n s ity .  

The o u te r  p le x ifo rm  la y e r  w as a ls o  n o t ic e a b ly  t h in n e r .  In

th e  in n e r  n u c le a r  la y e r  th e  n u m b e r o f n u c le i a p p e a re d  to  be 

re d u c e d , as d id  th e  n u m b e r o f g a n g lio n  c e l ls ,  w h ic h  d id  n o t 

fo rm  a c o n tin u o u s  la y e r .  In n e r  to  th e  re d u c e d  g a n g lio n  c e l l  

la y e r  w as th e  n e rv e  f ib r e  la y e r ,  w h ic h  w as re p re s e n te d  b y  s m a ll 

s c a tte re d  b u n d le s  o f u n m y e lin a te d  n e rv e s .
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The re g io n  o f th e  m e d u lla te d  f ib r e s  ( F ig .  3 .6 ) .  The

r e t in a  in  the  re g io n  o f these  f ib r e s  was s im i la r  in  o rg a n is a t io n  

to  th e  p e r ip h e r a l  r e t in a  a p a r t  fro m  th e  la r g e  b u n d le s  o f

m y e lin a te d  n e rv e  f ib r e s  w h ic h  w ere  p re s e n t above  th e  r e t in a .

C lose  to  th e  o p t ic  n e rv e  h e a d  th e  n e rv e  b u n d le s  w e re  la r g e  a n d

th e  r e t in a  f u r t h e r  re d u c e d  in  th ic k n e s s .  F u r th e r  fro m  th e  n e rv e

h e a d , in  th e  d ir e c t io n  o f th e  v is u a l  s t re a k ,  th e  n e rv e  b u n d le s  

w e re  re d u c e d  in  th ic k n e s s  a n d  th e  r e t in a  became in c r e a s in g ly

s im i la r  in  o rg a n is a t io n  to  th e  v is u a l  s t re a k  ( F ig .  3 .7 ) .

Among th e  m y e lin a te d  n e rv e  f ib r e s  g l i a l  c e lls  w e re  f r e q u e n t

l y  fo u n d . These a p p e a re d  to  be o f tw o  ty p e s .  The m ore

num erous  ty p e  h a d  an  o v a l ,  p a le  s ta in in g  n u c le u s  a n d  w e re  

th o u g h t  to  be a s tro c y te s .  The le s s  common ty p e  h a d  a more

in te n s e ly  s ta in in g  n u c le u s  a n d  w e re  th o u g h t to  be o lig o d e n d ro c y te s  

( F ig .  3 .8 ) .

I n  a s s o c ia t io n  w ith  th e  m y e lin a te d  n e rv e  f ib r e  b u n d le s

w e re  fo u n d  th e  r e t in a l  b lo o d  v e s s e ls  ( F ig .  3 .8 ) .  R e t in a l ve sse ls  

o n ly  o c c u r re d  in  th e  re g io n  o f th e  m e d u lla te d  f ib r e s  a n d  w e re

g e n e r a l ly  e x t r a - r e t in a l .  O c c a s io n a lly ,  b lo o d  v e s s e ls  w e re  fo u n d  

w i t h in  th e  n e rv e  f ib r e  b u n d le s  b u t  th e y  n e v e r  p e n e tra te d  to

th e  r e t in a  b e n e a th .

3 .2 .2  The C h o ro id

The r a b b i t  r e t in a  b e in g  a v a s c u la r ,  a p a r t  fro m  th e  v e s s e ls

o f th e  m e d u lla te d  f ib r e  re g io n ,  m ust o b ta in  i t s  n u t r i t i v e  s u p p ly

fro m  th e  c h o r o id a l v a s c u la tu r e .

The in n e r  s u r fa c e  o f th e  c h o ro id  w as f i r m ly  a tta c h e d

to  B ru c h 's  m em brane . I t  w as a t  i t s  th ic k e s t  a nd  m ost p ig m e n te d

p o s te r io r ly  in  th e  re g io n  o f th e  v is u a l  s t re a k .  The c h o ro id  g r a d u a l ly  

becam e th in n e r  to w a rd s  th e  o ra  c i l i a r i s ,  w h e re  i t  m erged  w ith
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th e  c i l i a r y  b o d y . H o w e ve r, as o n ly  th e  p o s te r io r  re g io n s  o f th e

c h o ro id  a re  o f im p o r ta n c e  in  la t e r  c h a p te rs ,  th e  d e s c r ip t io n  

g iv e n  o f th e  n o rm a l c h o ro id  w i l l  be l im ite d  to  th e  p o s te r io r  

re g io n .

The c h o ro id ,  as seen b y  l i g h t  m ic ro s c o p y , ca n  be d iv id e d  

in to  th re e  m o rp h o lo g ic a l ly  id e n t i f ia b le  re g io n s :  th e  c h o r io c a p i l la r i s ,

th e  s tro m a , a nd  th e  s u p ra c h o ro id e a .

The c h o r io c a p i l la r is  ( F ig .  3 .9 a  a nd  b ) .  The c a p i l la r ie s  

o f th e  c h o ro id  fo rm e d  a s in g le  la y e r  o f h ig h ly  anastom osed  v e s s e ls  

d i r e c t ly  b e low  B ru c h 's  m em b ra ne . The c a p i l l a r y  lu m e n  w as 

u n u s u a l ly  la r g e  a n d  o fte n  f la t te n e d  in  th e  p la n e  o f B ru c h 's  

m em brane . The a p p e a ra n c e  o f th e  c a p i l la r ie s  w as h ig h ly  v a r ia b le  

a n d  w as fo u n d  to  d epend  g r e a t ly  on th e  o r ie n ta t io n  o f s e c tio n .

In  some s e c tio n s  th e y  o fte n  a p p e a re d  o v o id  a n d  r e g u la r ly

a r ra n g e d  ( F ig .  3 .9 a ) .  I n  o th e r  s e c tio n s  th is  o rg a n is a t io n  w as 

lo s t  a n d  th e y  a p p e a re d  as lo n g  tu b u la r  s t ru c tu re s  ( F ig .  3 .9 b ) .

The c h o r o id a l c a p i l la r ie s  w e re  s u p p lie d  b y  la r g e r  a r t e r ia l  v e s s e ls , 

l y in g  s c le r a l  to  th e  c h o r io c a p i l la r is ,  w h ic h  w ere  in  t u r n  s u p p lie d  

b y  th e  p o s te r io r  c i l i a r y  a r te r ie s .  Venous d ra in a g e  o f th e  c h o r io 

c a p i l la r i s  w as th ro u g h  th e  v e n u le s  o f th e  c h o ro id  in to  th e  v o r te x  

v e in s .  The a r te r io le s  a n d  v e n u le s ,  w i th  a s s o c ia te d  c o n n e c tiv e  

t is s u e ,  fo rm e d  th e  s tro m a  o f  th e  c h o ro id .

The s tro m a  ( F ig .  3 .1 0 ) .  The th ic k n e s s  o f th e  s tro m a

w as fo u n d  to  be h ig h ly  v a r ia b le .  T h is  m ay be d u e , in  p a r t ,

to  v a r y in g  deg re e s  o f c o lla p s e  o f th e  c h o r o id a l a r te r io le s  a n d

v e n u le s  d u r in g  e n u c le a t io n .  The e x tr a  v a s c u la r  t is s u e s  a p p e a re d  

as a loose  n e tw o rk  o f v a r io u s  c e l l  ty p e s .  The m ost num erous

c e l l  ty p e s  w e re  f ib r o b la s ts  a n d  m e la n o c y te s . F re q u e n t ly  m a c ro 

p h a g e s , m ast c e l ls ,  p la s m a  c e lls  a n d  ly m p h o c y te s  w e re  o b s e rv e d .
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T hey o fte n  fo rm ed  "n e s ts "  n e a r  o r be tw een  th e  la r g e r  v e s s e ls  

o f th e  s tro m a , a lth o u g h ,  th e y  c o u ld  be f r e q u e n t ly  id e n t i f ie d  

in  is o la t io n  ( F ig .  3 .1 1 ) .  The f ib r o b la s ts  a n d  m e la n o cy te s

became m ore num erous  in  th e  o u te r  tw o  t h i r d s  o f th e  s tro m a . 

O c c a s io n a lly ,  in  fa v o u ra b le  s e c tio n s , th e  sm ooth m usc le  

c e lls  s u r ro u n d in g  th e  c h o r o id a l a r te r io le s  c o u ld  be id e n t i f ie d  

(F ig .  3 .1 2 ) .

S u p ra c h o ro id e a  ( F ig .  3 .1 3 ) .  The s u p ra c h o ro id e a  a p p e a re d  

to  be th e  t r a n s i t io n a l  zone be tw een  th e  c h o ro id  a n d  s c le ra . 

I t  , w as fo rm e d  b y  la m e lla e ,  o f f ib r o b la s ts  a n d  m e la n o c y te s . 

O c c a s io n a lly  la rg e  n e rv e s  w ere  e n c o u n te re d  in  th is  re g io n  

( F ig .  3 .1 4 ) .

3 .3  E le c tro n  M ic ro s c o p y  o f th e  R e tin a

The d e s c r ip t io n  o f th e  u l t r a s t r u c tu r e  o f th e  r e t in a  

w i l l  be co n c e rn e d , p r im a r i l y ,  w ith  the  r e t in a l  p ig m e n t e p ith e liu m ,  

th e  re c e p to r  c e lls  a n d  th e  M u lle r  c e l ls .  The o th e r  c e l l  

ty p e s  o f th e  r e t in a  w i l l  be d e s c r ib e d  b u t  in  le ss  d e ta i l .  

The u l t r a s t r u c tu r e  o f th e  v a r io u s  c e l l  ty p e s  v a r ie d  l i t t l e  

w ith  lo c a t io n .  T h e re fo re , a g e n e ra l d e s c r ip t io n  w h ic h  a p p lie s  

to  a l l  lo c a t io n s  s tu d ie d  w i l l  be g iv e n .

3 .3 .1  The R e t in a l P ig m e n t E p ith e liu m

The r e t in a l  p ig m e n t e p ith e liu m  fo rm ed  a s in g le  la y e r  

o f c e lls  w h ic h  w ere  r e c ta n g u la r  in  v e r t ic a l  s e c tio n  ( F ig .  

3 .1 5 ) .  The c e l ls  show ed m em brane s p e c ia l is a t io n  on t h e i r

a p ic a l ,  b a s a l a nd  la t e r a l  s u r fa c e s .

The b a s a l s u rfa c e s  o f th e  c e lls  w e re  in  in t im a te  c o n ta c t 

w ith  B ru c h 's  m em brane,. The basem ent m em brane o f th e  p ig m e n t 

e p ith e liu m  fo rm e d  one o f th e  f iv e  re c o g n is a b le  la y e rs  o f

3 3



B ru c h ’ s m em brane ( F ig .  3 .1 6 ) .  The b a s a l m em brane o f th e  

p ig m e n t e p ith e liu m  w as h ig h ly  c o n v o lu te d  a n d  fo rm e d  a re c o g n is a b le  

re g io n  o f th e  c e l l ,  th e  b a s a l in fo ld in g s  ( F ig .  3 .1 6 ) .  T h e ir

c o n v o lu te d  n a tu re  c o u ld  be a p p re c ia te d  m ore r e a d i ly  in  h o r iz o n ta l 

s e c tio n  ( F ig .  3 .1 7 ) .  N um erous m ito c h o n d r ia  w e re  fo u n d  a d ja c e n t 

to  th e  b a s a l in fo ld in g s .  These s p e c ia l is a t io n s  a re  c h a r a c te r is t ic

o f c e lls  in v o lv e d  in  f l u id  t r a n s p o r t  (P ease , 1956; B e rn s te in ,

1961; B e rn s te in  a nd  H o lle n b e rg ,  1965).

The a p ic a l  s u r fa c e  o f th e  p ig m e n t e p ith e liu m  w as com posed 

o f num erous  f in g e r - l i k e  o r  r id g e - l ik e  p ro cesse s  w h ic h  e i th e r  

e n s h e a th e d  th e  d is t a l  p o r t io n  o f th e  re c e p to r  c e l l  o u te r  segm ents

o r  e x te n d e d  in to  th e  in te rp h o to re c e p to r  sp ace . M e la n in  g ra n u le s

w e re  f r e q u e n t ly  o b s e rv e d  w i t h in  the se  p rocesses  a n d  in  th e  a p ic a l 

c y to p la s m  ( F ig .  3 .1 8 ) .  The in t im a te  a s s o c ia t io n  be tw een  th e  a p ic a l  

s u r fa c e  o f th e  p ig m e n t e p ith e liu m  a n d  th e  p h o to re c e p to r  o u te r  

segm ents (S p itz n a s  a n d  H o g an , 1970) is  p r o b a b ly  re la te d  to  th e  

p h a g o c y to s is  o f re c e p to r  c e l l  o u te r  segm ent m a te r ia l  w h ic h  o c c u rs  

d u r in g  th e  re n e w a l o f th e  re c e p to r  c e l l  o u te r  segm ent (D o w lin g  

a n d  G ib b o n s , 1962; B a i r a t i  a n d  O rz a le s i,  1963; y o u n g , 1965; 

Y o u n g , 1967; Y o u n g , 1969; Y oung  a n d  B ok, 1969; Y ou n g , 1971;

H ogan , Wood a n d  S te in b e rg ,  1974; Y o u n g , 1976; A n d e rs o n ,

F is h e r  a n d  S te in b e rg ,  1978). Phagosom es o f re c e p to r  c e l l  o u te r  

segm ent m a te r ia l  w e re  f r e q u e n t ly  e n c o u n te re d  w i t h in  th e  c y to p la s m  

o f th e  p ig m e n t e p ith e liu m  ( F ig .  3 .1 9 ) .

The la t e r a l  c e l l  m em brane o f th e  p ig m e n t e p ith e liu m

w as g e n e r a l ly  sm ooth a n d  w as c h a ra c te r is e d  b y  a te r m in a l b a r

o r  a p ic a l ju n c t io n a l  c o m p le x . These a p ic a l  ju n c t io n a l  com p lexes  

w e re  d e s c r ib e d  fo r  a v a r ie t y  o f v e r ^ r a t e  sp ec ies  b y  H u d sp e th  

a n d  Yee (1973) a n d  a p p e a re d  to  d i f f e r  fro m  those  o f o th e r  e p i th e l ia  

such  as w e re  d e s c r ib e d  b y  F a rq u h a r  a n d  P a la d e



(1 9 6 3 ), w ho d e s c r ib e d  th e  e lem en ts  o f th e  ju n c t io n a l  co m p lex  

a s : a z o n u la  o c c lu d e n s  ( t ig h t  ju n c t io n s ) ,  z o n u la  a d h a e re n s

( in te r m e d ia r y  ju n c t io n )  a n d  a m a c u la  a d h a e re n s  (llesmosome)

su cc e e d in g  each  o th e r  in  th e  o rd e r  g iv e n  in  an  a p ic a l  to  b a s a l 

d ir e c t io n .  The p ig m e n t e p i t h e l ia l  ju n c t io n a l  co m p le x  as d e s c r ib e d  

b y  H u d sp e th  a n d  Yee (1973) a p p e a re d  to  c o m p ris e , a p ic a l l y  a

g a p  ju n c t io n ,  b a s a l ly  a z o n u la  a d h a e re n s , a nd  a z o n u la  o c c lu d e n s  

be tw een  a n d  o v e r la p p in g  th e  o th e r  tw o  ju n c t io n s  ( F ig .  3 .2 0 ) .

The z o n u la e  o c c lu d e n te s L a re  th o u g h t ,  b y  th e  o b l i t e r a t io n  

o f th e  in t e r c e l lu la r  sp ace , to  be re s p o n s ib le  fo r  th e  b a r r ie r  

to  d i f fu s io n  o f m acro  m o le cu le s  fo rm e d  b y  th e  p ig m e n t e p ith e liu m  

(N o e l, 1963; P eym an , S p itz n a s  a n d  S tra a ts m a , 1971a&b Peym an

a n d  B ok, 1972; R a v io la ,  1977) a n d  fo r  th e  h ig h  t r a n s - e p i t h e l ia l

re s is ta n c e  ( th e  R. m em brane ) (C ohen , 1965). The g a p  ju n c t io n  

o f th e  a p ic a l co m p lex  is  th o u g h t  to  m e d ia te  e le c t r ic a l  c o u p lin g  

be tw een  a d ja c e n t p ig m e n t e p i t h e l ia l  c e lls  (R e v e l, Yee a n d  H u d sp e th  

1971; H u d sp e th  a nd  Yee, 1973).

The c y to p la s m  o f th e  p ig m e n t e p ith e liu m  c o n ta in e d  la rg e  

a m oun ts  o f sm ooth e n d o p la s m ic  re t ic u lu m ,  w h ic h  w as e v e n ly

d is t r ib u te d  th ro u g h o u t  th e  c y to p la s m  o f th e  c e l l  ( F ig .  3 .2 1 ) .

Rough e n d o p la s m ic  re t ic u lu m  w as l im ite d  in  am oun t a n d  w as

u s u a l ly  fo u n d  in  th e  a p ic a l c y to p la s m  n e a r  to  th e  n u c le u s  (F ig s .  

3 .15  a n d  3 .2 1 ) .  F ree  rib o som es  a n d  s m a ll m e m b ra n e -

b o u n d  v e s ic le s  o c c u r re d  th ro u g h o u t  th e  c y to p la s m . The s m a ll 

m e m b ra n e -b o u n d  v e s ic le s  m ay be in v o lv e d  in  t r a n s - e p i t h e l ia l

t r a n s p o r t  ( F ig .  3 .2 2 ) .  The G o lg i co m p lex  w as w e l l  d e v e lo p e d

a n d , l i k e  th e  ro u g h  e n d o p la s m ic  re t ic u lu m ,  w as n o r m a lly  fo u n d

c lo se  to  th e  n u c le u s . The n u c le i o f the  p ig m e n t e p i t h e l ia l  

c e l ls  w ere  t y p i c a l l y  o v o id ,  lo n g  axes  p a r a l l e l  to  B ru c h 's

m em brane , th e y  w e re  b a s a l ly  s itu a te d  in  th e  c e l l  ( F ig .  3 .1 5 ) .
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B in u c le a te  c e l ls  w e re  f r e q u e n t ly  e n c o u n te re d . A c c o rd in g  to  th e  

s tu d y  o f . .T s q , a n d  F r ie d m a n  (1967) 85 p e r  c e n t o f r a b b i t  p ig m e n t 

e p i t h e l ia l  c e lls  a re  b in u c le a te .

A p a r t i c u la r l y  p ro m in e n t fe a tu re  o f th e  r a b b i t  p ig m e n t 

e p ith e liu m  w as th e  p re se n ce  o f la r g e  l i p i d  d ro p le ts .  These

w e re  o fte n  s u f f ic ie n t ly  la r g e  to  d is to r t  bke a p ic a l  s u r fa c e

o f th e  c e l l  ( F ig . 3 .2 1 ) .  These l i p i d  d ro p le ts  m ay be im p o r ta n t  

in  th e  s to ra g e  o f V ita m in  A o r  i t s  com pounds (Y oung  a n d  

B ok , 1970).

F rom  th e se  o b s e rv a t io n s  i t  is  a p p a re n t  th a t  th e  p ig m e n t

e p ith e liu m  is  re s p o n s ib le  fo r  th e  in t e g r i t y  o f th e  b lo o d  r e t in a l  

b a r r ie r ,  th e  c o n t ro l o f,  a n d  e x c h a n g e  o f,  m e ta b o lite s  be tw een  

th e  r e t in a  a n d  c h o r o id a l b lo o d  s u p p ly ,  a n d  th e  m a in te n a n c e

o f th e  p h o to re c e p to r  o u te r  segm ent e n v iro n m e n t.

3 . 3.2  The Receptor Cell

The re c e p to r  c e l ls  w e re  lo n g  s le n d e r  c e lls  w h ic h  e x te n d e d

fro m  th e  a p ic a l  s u r fa c e  o f th e  p ig m e n t e p ith e liu m  to  th e

o u te r  p le x ifo rm  la y e r  o f th e  r e t in a .

The re c e p to r  c e lls  a p p e a re d  to  be o f tw o  ty p e s ,  w h ic h  

c o rre s p o n d  to  th e  T yp e  1 a n d  T yp e  11 re c e p to rs  d e s c r ib e d  b y  

S jo s tra n d  a n d  N il ls o n  (1 9 6 4 ). M o rp h o lo g ic a l ly ,  th e  T yp e

I re c e p to r  w as a t y p ic a l  ro d  ( F ig .  3 .2 3 ) .  T h e re  has  been 

some c o n tro v e rs y  o v e r  th e  e x is te n c e  o f cones in  th e  r a b b i t

r e t in a .  A lth o u g h  S jo s tra n d  a n d  N il ls o n  (1964) d e s c r ib e d  a

T yp e  11 re c e p to r ,  th e y  d e n ie d  th e  e x is te n c e  o f cones. 

H ughes (1971) c la r i f ie d  th e  p ro b le m  b y  id e n t i f y in g  th e  T yp e

I I  re c e p to r  as an  a t y p ic a l  cone . M ore re c e n t ly  B u n t (1978)

h as  show n th a t  th e  m echan ism  o f re p la c e m e n t o f o u te r  segm ent 

m em branes in  th e  T yp e  11 re c e p to r  w as s im i la r  to  th e  re p la c e m e n t 

o f cone o u te r  segm ent m a te r ia l  in  o th e r  v e r te b ra te s  (a s  show n 

b y  Y oung a n d  D roz (1 9 6 9 ); Y oung (1978) a n d  A n d e rs o n ,
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F is h e r  a n d  S te in b e rg  (1 9 7 8 ). ) A p a r t  fro m  th e  o u te r  segm ent 

th e  T yp e  11 re c e p to rs  o f th e  r a b b i t  r e t in a  a re  m o rp h o lo g ic a l ly  

s im i la r  to  th e  cone c e lls  o f o th e r  v e r te b ra te s .  S u b s e q u e n tly  

these  c e l ls  w i l l  be r e fe r re d  to  as cones.

S t r u c tu r a l ly   b o th  ro d  a n d  cone c e lls  ca n  be d iv id e d

in to  d is t in c t  m o rp h o lo g ic a l re g io n s  : .1 ) The o u te r  segm ent,

2) The in n e r  s e g m e n t, w h ic h  ca n  be f u r t h e r  d iv id e d  in to  

e l ip s o id  a n d  m yo id  re g io n s .  3) The c e l l  som a ta . 4) The s y n a p t ic  

re g io n ,  5) The in n e r  a n d  o u te r  re c e p to r  f i b r e s , w h ic h  co n n e c t 

th e  in n e r  segm ent to  th e  c e l l  . b o d y  a n d  th e  c e l l  b o d y  

to  th e  s y n a p t ic  re g io n  re s p e c t iv e ly .

The o u te r  segm ents o f b o th  ro d s  a n d  cones a p p e a re d

to  be fo rm e d  b y  a h ig h ly  o rd e re d  s ta c k  o f m em brane d is c s  

ly i r ig  a.t r i g h t  a n g le s  to  th e  lo n g  a x is  o f th e  o u te r  segm en t.

These d is c s  w e re  e n c lo se d  w i t h in  th e  p la s m a  m em brane ( F ig .

3 .2 4 ) .  . The ro d  o u te r  segm ents w ere  lo n g e r  th a n  tho se

o f th e  cones a nd  c o n s e q u e n tly  c o n ta in e d  m ore d is c s .  W ith in  

th e  m em branes o f th e  d is c s  th e  p h o to p ig m e n ts  a re  th o u g h t  

to  be d is t r ib u te d  (D e n to n , 1959; W a ld , B row n  a n d  G ib b o n s , 

1962) .  From  o th e r  s tu d ie s  i t  has  been su g g e s te d  t h a t

th e  d is c s  o f th e  cone o u te r  segm ent a re  c o n t in u o u s  w ith  

th e  p la s m a  m em brane ( L a t ie s , Bok a n d  L ie b m a n , 1976). 

H ow eve r, th e  d is c s  o f th e  ro d  o u te r  segm ent a p p e a re d  to  

be s e p a ra te  fro m  th e  p la s m a  m em brane a p a r t  fro m  th e  f i r s t  

few  d is c s  a t  th e  p ro x im a l end  o f th e  o u te r  segm ent ( F ig .

3 .2 5 ) .  The d is t a l  ends o f th e  p h o to re c e p to rs  w e re  e n v e lo p e d

b y  th e  a p ic a l  p ro cesse s  o f th e  p ig m e n t e p ith e l iu m -  T h is  

e n s h e a th in g  o f th e  re c e p to r  c e l l  o u te r  segm ent w as m ore 

m a rk e d  fo r  cone o u te r  segm ents ( F ig .  3 .1 8 ) .  The o u te r

segm ents o f b o th  ro d s  a n d  cones w e re  co nn e c te d  to  th e  in n e r  

segm ent b y  a n a r ro w  n e ck  o f c y to p la s m  s u p p o r te d  b y  f i b r i l s
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e x te n d in g  fro m  a b a s a l b o d y  w i t h in  th e  e l ip s o id  o f th e  in n e r  

segm ent ( F ig .  3 .2 6 ) .  Some o f these  f i b r i l s  e x te n d e d  th e  le n g th  

o f th e  o u te r  segm en t. F ib r i l s  a ls o  e x te n d e d  fro m  th e  b a s a l

b o d y  th ro u g h  th e  e l ip s o id  re g io n  o f th e  c e l l  a n d  te rm in a te d  

in  th e  m y o id  re g io n .

The e l ip s o id  re g io n  o f b o th  ro d s  a n d  cones c o n ta in e d  

num erous  m ito c h o n d r ia  ( F ig .  3 .2 3 ) whose lo n g  axes  la y  p a r a l le l  

to  th e  le n g th  o f th e  re c e p to r  c e l l .  The m y o id  re g io n  o f b o th  

ro d s  a n d  cones c o n ta in e d  c is te rn a e  o f ro u g h  a n d  sm ooth endo 

p la s m ic  r e t ic u lu m ,  f re e  rib o som es  a n d  n e u ro tu b u le s ,  in  a d d it io n  

to  w e ll  d e ve lo p e d  G o lg i com p lexes  ( F ig .  3 .2 7 ) .

The c e l l  b o d ie s  o f th e  re c e p to r  c e l ls  w e re  co n n e c te d  

to  th e  m y o id  re g io n  o f th e  re c e p to r  c e l l  b y  th e  o u te r  re c e p to r  

f ib r e s .  These f ib r e s  w ere  o f v a r y in g  le n g th s ,  d e p e n d in g  on 

th e  p o s it io n  o f th e  c e l l  b o d y . As th e  cone c e l l  n u c le i w ere  

in v a r ia b l y  a d ja c e n t to  th e  e x te r n a l l im i t in g  m em brane th e y  

v i r t u a l l y  la c k e d  o u te r  re c e p to r  f ib r e s .  The m ore p ro m in e n t

o u te r  re c e p to r  f ib r e s  c o n ta in e d  a few  s m a ll m ito c h o n d r ia ,

tu b u le s  o f sm ooth e n d o p la s m ic  re t ic u lu m ,  fre e  ribosom es  

a n d  m any n e u ro tu b u le s  ( F ig .  3 .2 8 ) .  The n u c le i o f th e  cone

c e l ls ,  a n d  c o n s e q u e n tly  th e  c e l l  b o d ie s , w e re  la r g e r  th a n  those  

o f t h e i r  ro d  c o u n te r p a r ts .  The ro d  a n d  cone n u c le i a ls o

d if fe r e d  n o t ic e a b ly  in  c h ro m a tin  s ta in in g  ( F ig . 3 .2 8 ) .  The

in n e r  re c e p to r  f ib r e s  co n n e c te d  th e  s y n a p t ic  re g io n  to  th e  b o d y  

o f th e  c e l l .  Those o f cone c e l ls  w ere  g e n e r a l ly  t h ic k e r  th a n  

tho se  o f th e  ro d s . The f ib r e s  c o n ta in e d  m any n e u ro tu b u le s ,

o c c a s io n a l m ito c h o n d r ia ,  a few  v e s ic le s  a n d  o c c a s io n a l fre e  r ib o 

somes.

The in n e r  re c e p to r  f ib r e s  te rm in a te d  a t  th e  re c e p to r
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s y n a p s e s . The re c e p to r  syn a p se s  o f b o th  ro d s  a n d  cones 

la y  a t th e  s c le r a l  a s p e c t o f th e  o u te r  p le x ifo rm  la y e r .  

The s y n a p t ic  re g io n  o f cones d if fe r e d  s t r u c t u r a l l y  fro m  

th a t  o f th e  ro d s . The ro d  s y n a p t ic  re g io n s ,  te rm e d  s p h e r iu le s ^  

w e re  o v a l a n d  c o n ta in e d  a s in g le  r ib b o n  s y n a p s e . The

in n e r  s u r fa c e  o f th e  s p h e r ii le ^  was in v a g in a te d  a nd  c o n ta in e d  

p rocesses  fro m  c e lls  o f th e  in n e r  n u c le a r  la y e r .  In  c o m p a r is o n , 

th e  cones s y n a p t ic  re g io n  te rm e d  p e d ic le s ,  w e re  la r g e r ,

Ihe  in n e r  s u r fa c e  o f th e  p e d ic le  w as f la t te n e d  a n d  possessed 

s e v e ra l in v a g in a t io n s ,  each  a s s o c ia te d  w ith  a r ib b o n  syn a p s e

a n d  p rocesses  fro m  c e lls  o f th e  in n e r  n u c le a r  la y e r  ( F ig . 

3 .2 9 )*  I t  w as th o u g h t th a t  th e  d eepe r la t e r a l  e lem en ts

w i t h in  th e  s y n a p t ic  in v a g in a t io n  w e re  h o r iz o n ta l c e l l  p ro ce sse s , 

w h ile  th e  c e n t r a l  e lem en ts  w e re  b ip o la r  c e l l  d e n d r ite s .  

T h is  g e n e ra l a rra n g e m e n t h o ld s  fo r  b o th  ro d  a n d  cone syn a p se s  

(S te l l ,  1965; D o w lin g  a n d  B o y c o tt, 1966; S te l l ,  1967; 

K o lb , 1970; D o w lin g , 1970). The cone p e d ic le  a ls o  

s y n a p s e d  w ith  c e lls  o f th e  in n e r  n u c le a r  la y e r  on i t s  f la t te n e d  

s u r fa c e , th e se  w e re  n o t a s s o c ia te d  w ith  a n y  in v a g in a t io n  

o f th e  c e l l  m em brane ( F ig .  3 .2 9 ) .

The re c e p to r  c e lls  show ed a d is t in c t  s t r u c t u r a l  s e g m e n ta tio n , 

e ach  segm ent e x h ib i t in g  a v e ry  d i f fe r e n t  m o rp h o lo g y . 

T h is  se g m e n ta l p le o m o rp h is m  w as p ro b a b ly  a d ir e c t  r e s u l t  

o f th e  e x trem e  s p e c ia l is a t io n  o f fu n c t io n  w i t h in  each  segm ent 

o f th e  re c e p to r  c e l ls .

3 .3 .3  The M u lle r  C e ll

The M u lle r  c e l ls  w ere  th e  m a jo r  n o n -n e u r a l com ponent 

o f th e  r e t in a .  T h e ir  c y to p la s m  e x te n d e d  fro m  th e  o u te r

l im i t in g  m em brane to  th e  in n e r  l im i t in g  m em brane ( F ig . 

3 .2 3 ) .

3 9



E x te rn a l to  th e  o u te r  l im i t in g  m em brane th e  M ü lle r

c e lls  e x te n d  v i l lo u s  p rocesses  in to  th e  in te rp h o to re c e p to r  

sp a ce . These p ro cesse s  s u r ro u n d  th e  in n e r  segm ents o f th e

re c e p to r  c e lls  ( F ig .  3 .3 0 ) .  M ito c h o n d r ia  w e re  p re s e n t w i t h in

th e  M ü lle r  c e l ls '  c y to p la s m  in n e r  to  th e  v i l l i ,  a n d  su g g e s te d  

p o s s ib le  in v o lv e m e n t o f th e  c e lls  in  f l u id  t r a n s p o r t .

The e x te r n a l l im i t in g  m em brane w as com posed o f z o n u la e  

a d h é re n te s  be tw een  th e  M u lle r  c e lls  a n d  th e  re c e p to r  c e l ls .

From  t r a c e r  s tu d ie s  i t  h as  been c o n c lu d e d  th a t  these  ju n c t io n s

o f fe r  l i t t l e  re s is ta n c e  to  th e  p a ssa g e  o f m o le c u le s , e ith e r  fro m  

th e  o u te r  r e t in a  in w a r d ,  o r  fro m  in n e r  r e t in a  o u tw a rd  (P e ym a n , 

S p itz n a s  a n d  S tra a ts m a , 1971 a a n d  b ) .

The c y to p la s m  o f th e  M u lle r  c e lls  c o n t in u e d  in w a r d ly ,  

fro m  th e  o u te r  l im i t in g  m em brane , p a c k in g  th e  spaces be tw een  

th e  re c e p to r  c e l ls  a n d  r a m ify in g  in to ,  a n d  f i l l i n g ,  th e  spaces 

be tw een  th e  n e u ra l e lem en ts  o f th e  o u te r  p le x ifo rm  la y e r  

( F ig .  3 .3 1 ) .

The n u c le i o f th e  M ü lle r  c e lls  w ere  fo u n d  in  th e  in n e r  

n u c le a r  la y e r .  T h e y  w ere  a n g u la r ,  m ore e v e n ly  a n d  m ore 

in te n s e ly  s ta in e d  th a n  th e  o th e r  n u c le i o f th e  la y e r .  O c c a s io n a lly ,  

some c is te rn a e  o f ro u g h  e n d o p la s m ic  re t ic u lu m ,  s c a tte re d  tu b u le s  

o f sm ooth e n d o p la s m ic  re t ic u lu m ,  a n d  G o lg i com p lexes w ere  fo u n d  

in  th e  re g io n  o f th e  n u c le u s  ( F ig . 3 .3 2 ) .

The c o n s id e ra b le  q u a n t i t ie s  o f g ly c o g e n  re p o r te d  to  be 

p re s e n t in  th e  M u lle r  c e l l  (K u w a b a ra  a n d  C ogan , 1961; 

M a g a lh a e s  a nd  C o im b ra , 1972 a n d  Johnson , 1977) w ere  n o t 

o b s e rv e d  in  th is  s tu d y ,  p r o b a b ly  as a consequence  o f th e  m ethods 

o f f i x a t io n  a n d  d e h y d ra t io n  (a lc o h o l)  e m p lo ye d .

From  th e  in n e r  n u c le a r  la y e r  th e  M u lle r  c e l ls '  c y to p la s m  

e x te n d e d  in w a r d  th ro u g h  th e  in n e r  p le x ifo rm  la y e r  as a 

v e r t ic a l  co lu m n  o f c y to p la s m  s e n d in g  o f f  r a d ia l  p rocesses
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w h ic h  f i l l e d  th e  in t e r c e l lu la r  spaces be tw een  th e  n e u ra l 

e lem en ts  c o m p r is in g  th e  in n e r  p le x ifo rm  la y e r  (F ig . 3 .3 3 ) .

Once c le a r  o f th e  in n e r  p le x ifo rm  la y e r  th e  M u lle r  c e l ls ' 

c y to p la s m  e x te n d e d  la t e r a l l y  a n d  in w a r d ly ,  t o t a l l y  e n v e lo p in g  

th e  g a n g lio n  c e l ls  a n d  t h e i r  a xo n s  w h ic h  fo rm e d  th e  n e rv e  f ib r e  

la y e r .  The in n e r  l im i t in g  m em brane , th e  in n e rm o s t a sp e c t o f 

th e  r e t in a ,  w as fo rm e d  b y  th e  basem en t m em brane o f th e  M u lle r  

c e lls  a n d  v it r e o u s  f ib r e s  ( F ig .  3 .3 4 ) .

3 .3 .4  The N eural, Cells of the Inner Retina

T h re e  n e u ra l c e l l  ty p e s  h a d  t h e i r  som ata  w i t h in  th e  

in n e r  n u c le a r  la y e r :  th e  h o r iz o n ta l c e l ls ,  th e  b ip o la r  c e lls

a n d  th e  a m a c r in e  c e l ls .

The h o r iz o n ta l c e l l  som ata  w ere  fo u n d  a lo n g  th e  o u te r  

m a rg in  o f th e  in n e r  n u c le a r  la y e r .  T h e ir  la r g e ,  p a le  s ta in in g  

n u c le i w e re  o fte n  s u r ro u n d e d  b y  c o n s id e ra b le  q u a n t i t ie s  o f c y to 

p la s m , w h ic h  c o n ta in e d  m ito c h o n d r ia ,  r ibosom es  a n d  num erous 

G o lg i com p lexes  ( F ig .  3 .33  a n d  3 .3 5 ) .  P a le  s ta in in g  p ro ce sse s , 

seen in  fa v o u ra b le  s e c tio n s  to  o r ig in a te  fro m  h o r iz o n ta l c e l ls ,  

s p re a d  la t e r a l l y  th ro u g h  th e  o u te r  p le x ifo rm  la y e r  fo r  c o n s id e ra b le  

d is ta n c e s . I t  has been su g g e s te d  th a t  h o r iz o n ta l c e lls  m e d ia te  

l a t e r a l  in te r a c t io n s  w i t h in  th e  o u te r  p le x ifo rm  la y e r  (P o ly a k ,  

1941; D o w lin g ' a n d  B o y c o tt,  1966).

The b ip o la r  c e l l  som ata  la y  in  th e  o u te r  h a l f  o f th e  in n e r  

n u c le a r  la y e r .  The b ip o la r  c e lls  l i n in g  th e  o u te r  m a rg in

o f th e  in n e r  n u c le a r  la y e r  h a d  a g re a te r  am oun t o f c y to 

p la s m  th a n  tho se  d e e p e r in  th e  la y e r  ( F ig s . 3 .3 3  a n d  3 .3 6 ) .

The b ip o la r  c e l ls '  c y to p la s m  c o n ta in e d  m a n y  m ito c h o n d r ia ,  

s c a tte re d  c is te rn a e  o f ro u g h  e n d o p la s m ic  re t ic u lu m ,  n e u ro 

tu b u le s ,  f i b r i l s  a n d  s m a ll G o lg i co m p le xe s . The syn a p se s



o f th e  b ip o la r  c e lls  w e re  p re s e n t in  b o th  th e  o u te r  p le x ifo rm  

a n d  in n e r  p le x ifo rm  la y e r s .  T h ey  c o u ld  be id e n t i f ie d

in  th e  in n e r  p le x ifo rm  la y e r  b y  t h e i r  c h a r a c te r is t ic  r ib b o n  

syn a p se s  (R a v io la  a n d  R a v io la ,  1967).

The a m a c r in e  c e l l  som a ta  la y  a lo n g  th e  in n e r  s u r fa c e

o f th e  in n e r  n u c le a r  la y e r .  The n u c le i w e re  u s u a l ly  la r g e ,  

p a le  s t a in in g , a n d  o fte n  show ed , an  in v a g in a t io n  o f th e  n u c le a r  

e n v e lo p e . The m o d era te  am oun t o f c y to p la s m  w h ic h  s u rro u n d e d  

th e  n u c le u s  c o n ta in e d  p le n t i f u l  e n d o p la s m ic  re t ic u lu m  j a n d  

s c a tte re d  m ito c h o n d r ia  a n d  G o lg i com p lexes ( F ig .  3 .33  a n d

3 .36).

The p rocesses  o f th e  b ip o la r  c e l ls ,  a m a c r in e  c e lls ,  

a n d  th e  d e n d r ite s  o f th e  g a n g lio n  c e l ls ,  a lo n g  w ith  th e

s u p p o r t iv e  e lem en ts  o f th e  M u lle r  c e l ls , ,  fo rm e d  th e  in n e r

p le x ifo rm  la y e r  ( F ig .  3 .3 3 ) .

3 .3 .5  The Ganglion Cells and the Nerve Fibre Layer

The g a n g lio n  c e lls  h a d  la rg e  p a le ,  u n i fo r m ly  s ta in in g

n u c le i ,  w h ic h  o fte n  c o n ta in e d  a nuc leo lus... T h .ë ir c y to p la s m  

c o n ta in e d  la r g e  am oun ts  o f ro u g h  e n d o p la s m ic  re t ic u lu m  

a n d  fre e  r ib o s o m e s . S c a tte re d  th ro u g h o u t  th e  c y to p la s m

w e re  n e u ro tu b u le s ,  sm ooth e n d o p la s m ic  re t ic u lu m  a n d  o c c a s io n a l

ly s o s o m e - lik e  b o d ie s . The G o lg i com p lexes w ere  f r e q u e n t ly

w e l l  d e v e lo p e d . The m ito c h o n d r ia  o f th e  g a n g lio n  c e l ls

w ere  u s u a l ly  p o o r ly  p re s e rv e d  a n d  a p p e a re d  as s m a ll ro u n d e d

s t ru c tu re s  c o n ta in in g  a few  c is te rn a e  w i t h in  an  e le c tro n  

lu c e n t  m a t r ix  ( F ig . 3 .3 7 ) .  The g a n g lio n  c e lls 'a x o n s ,  w h ic h

fo rm e d  th e  n e rv e  f ib r e  la y e r ,  c o n ta in e d  m any n e u ro tu b u le s  

a n d  n e u ro f i la m e n ts ,  some fre e  rib o som es  a n d  o c c a s io n a l

m ito c h o n d r ia .

The m o rp h o lo g y  o f th e  n e rv e  f ib r e  la y e r  v a r ie d  c o n s id e ra b ly  

w ith  p o s i t io n .  In  th e  p e r ip h e r y  a nd  in  th e  v is u a l  s t r e a k ,
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th e  axons  fo rm in g  th e  n e rv e  la y e r  w ere  u n m y e lin a te d  ( F ig .  3 .3 8 ) .

As th e  a xon s  a p p ro a c h e d  th e  o p t ic  n e rv e  h ea d  th e y  becam e 

m y e lin a te d .  I t  w as these  m y e lin a te d  f ib r e s  th a t  g a v e  th e  

m e d u lla te d  f ib r e s  t h e i r  c h a r a c te r is t ic  a p p e a ra n c e . A lth o u g h  

u n m y e lin a te d  n e rv e s  w e re  s t i l l  p re s e n t ( F ig .  3 .3 9 ) .

G l ia l  c e lls  w e re  common am ong th e  n e rv e  f ib r e s .  T h e y  

a p p e a re d  to  be o f tw o  ty p e s ,  a s tro c y te s  a n d  o lig o d e n d ro c y te s .  

The a s tro c y te s  h a d  la r g e  ro u n d  n u c le i w h ic h  w ere  u s u a l ly  

c e n t r a l ly  p la c e d  in  th e  c y to p la s m . T h e ir  c y to p la s m  c o n ta in e d  

th e  u s u a l v a r ie t y  o f c e l l  o rg a n e lle s  as w e ll  as f in e  f i b r i l s  w h ic h  

w e re  m ore p ro n o u n c e d  in  th e  c e l l  p rocesses  (F ig s .  3 .3 9  a n d  3 .4 0 ) .  

The a s tro c y te  p rocesses  f r e q u e n t ly  e x te n d e d  to  th e  r e t i n a l /  

v i t re o u s  in te r fa c e  a n d , in  some a re a s , p ro v id e d  th e  basem en t 

m em brane fo rm in g  th e  in n e r  l im i t in g  m em brane ( F ig .  3 .4 0 ) .  

O c c a s io n a lly ,  th e  p ro cesse s  o f th e  a s tro c y te s  e x te n d e d  th ro u g h  

th e  in n e r  l im i t in g  m em brane a n d  e n v e lo p e d  th e  o v e r ly in g  ve sse ls  

(F ig s .  3 .39  a n d  3 .4 0 ) .

The o lig o d e n d ro c y te s  h a d  s m a ll a n d  i r r e g u la r ,  e c c e n t r ic a l ly  

s itu a te d  n u c le i .  T h e ir  c y to p la s m  w as in te n s e ly  s ta in in g

a n d  c o n ta in e d  p r o f i le s  o f ro u g h  e n d o p la s m ic  re t ic u lu m ,  n e u ro tu b u le s ,  

a n d  a few  m ito c h o n d r ia  ( F ig .  3 .4 1 ) .  The p rocesses  o f th e  

o lig o d e n d ro c y te s  w ere  s m a lle r  a n d  m ore in te n s e ly  s ta in e d  th a n  

th o se  o f th e  a s tro c y te s .  L ik e  th e  a s tro c y te  p rocesses  th e y  

c o n ta in e d  num erous  n e u ro tu b u le s .  From  t h e i r  m o rp h o lo g y  i t  

w o u ld  a p p e a r  th a t  th e  a s tro c y te s  a n d  o lig o d e n d ro c y te s  h a v e  

a s u p p o r t iv e  a n d  n u t r i t i v e  ro le  in  th e  n e rv e  f ib r e  b u n d le s  m uch 

as th e  M u lle r  c e l l  does in  th e  r e t in a .

The b lo o d  s u p p ly  o f th e  m e d u lla te d  f ib r e  re g io n  d id  

n o t c o n s t itu te  a t r u e  r e t in a l  s u p p ly  as th e  v e sse ls  w e re
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n e v e r seen to  p e n e tra te  in to  th e  r e t in a  p ro p e r .  T h is  o b s e rv a 

t io n  w as in  a g re e m e n t w ith  th e  f in d in g s  o f T r ip a t h i  a n d  

A sh to n . (1-97.1). The v e s s e ls  w ere  g e n e r a l ly  fre e  w i t h in  th e

v it r e o u s  o r  s u rro u n d e d  b y  a s t r o c y t ic  p rocesses  (F ig s .  3 .3 9  

a n d  3 4 0 ) .  W here th e  n e rv e  f ib r e  b u n d le s  w e re  e x tre m e ly

th ic k  (n e a r  th e  o p t ic  n e rv e  h e a d ) th e  v e s s e ls  p e n e tra te d  

am ong th e  n e rv e  f ib r e s ,  a lth o u g h  th e y  n e v e r  p e n e tra te d  as

f a r  as th e  u n d e r ly in g  r e t in a .

The e n d o th e liu m  o f th e  r e t in a l  v e s s e ls  w ere  th o u g h t

to  possess t ig h t  ju n c t io n s ,  as p la s m a  p ro te in  s ta in in g  c o u ld

be o b s e rv e d  w i t h in  th e  v e s s e ls , b u t  n e v e r e x te rn a l to  the m . 

E le c tro n  m ic ro s c o p y  o f th e  ju n c t io n s  w as in c o n c lu s iv e  in  

d e te c t in g  t i g h t  ju n c t io n s ,  p ro b a b ly  as a r e s u l t  o f th e  s ta in in g  

m ethods e m p lo ye d . ( "E n  b lo c  "  s ta in in g  w ith  u r a n y l  a c e ta te

m ay h a v e  been m ore a p p ro p r ia te )  ( F ig .  3 .4 2 ) .

3.4  Electron Microscopy of the Choroid

A g e n e ra l d e s c r ip t io n  o f th e  c h o ro id  h as  a lr e a d y  been 

g iv e n  b y  l i g h t  m ic ro s c o p y . T h e re fo re  th e  d e s c r ip t io n  o f

th e  e le c tro n  m ic ro s c o p y  o f th e  c h o ro id  w i l l  be l im ite d  to  

those  s t ru c tu re s  o r  c e l l  ty p e s  w h ic h  a re  o f p a r t i c u la r  in te r e s t  

in  lla te r .  c h a p te rs .

The e le c tro n  m ic ro s c o p y  o f th e  n o rm a l c h o ro id  w i l l  

be d e s c r ib e d  u n d e r  th e  fo l lo w in g  h e a d in g s :  B ru c h 's  m em brane ;

th e  c h o r io c o c a p i l la r ie s a n d  th e  c e lls  a n d  b lo o d  v e sse ls  o f 

th e  s tro m a  a n d  th e  s u p ra c h o ro id e a .

3 . 4.1 Bruch's Membrane

B ru c h 's  m em brane c o u ld  be re g a rd e d  as th e  d iv is io n  

be tw een  th e  r e t in a  a n d  th e  c h o ro id .  H o w e ve r, b y  e le c tro n

m ic ro s c o p y , i t  ca n  be seen th a t  b o th  th e  p ig m e n t e p ith e liu m  

a n d  th e  e n d o th e l ia l  c e lls  o f th e  c h o r io c a p i l la r ie s  c o n t r ib u te
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to  I t s  s t r u c tu re  ( F ig .  3 .1 5 ) • In  a c c o rd a n c e  w i th  N a k a iz u jr i l

( 1964) ,  B ru c h 's  m em brane  c o u ld  be d iv id e d  in to  f iv e  la y e rs  

( F ig .  3 .4 3 ) .

1) The basem en t m em brane o f th e  p ig m e n t e p ith e liu m

2) The in n e r  c o lla g e n o u s  la y e r

3) The e la s t ic  la y e r

4) The o u te r  c o lla g e n o u s  la y e r

5) The basem en t m em brane o f th e  e n d o th e l ia l c e lls

o f th e  c h o r i c a p i l l a r i s .

The e la s t ic  la y e r  w as n o t p a r t i c u la r l y  p ro m in e n t w hen  

s e c tio n e d  v e r t i c a l l y .  I n  t a n g e n t ia l  s e c tio n , h o w e v e r, i t  w as

more p ro m in e n t ( F ig . 3 .4 4 ) .  As la y e r  5 o f B ru c h 's  m em brane

w as fo rm e d  b y  th e  basem en t m em brane o f th e  e n d o th e lia l c e lls  

o f th e  c h o r io c a p i l la r is  i t  w as a b s e n t in  th e  in t e r c a p i l l a r y  zones 

( F ig .  3 .1 5 ) .

3 .4 .2  The C horiocapillaris

The c h o r io c a p i l la r is  w as fo rm e d  b y  a s in g le  la y e r  o f

h ig h ly  anastom osed  c a p i l la r ie s  d i r e c t ly  a d ja c e n t to  B ru c h 's  

m em brane . The c a p i l la r y  e n d o th e l ia l c e lls  w e re  e n c lose d  b y  

a basem en t m em brane , th e  in n e r  a sp e c t o f w h ic h  fo rm e d  la y e r

5 o f B ru c h 's  m em brane . The e n d o th e lia l c e lls  show ed some

s t r u c t u r a l  s p e c ia l is a t io n .  A d ja c e n t to  B ru c h 's  m em brane

t h e i r  c y to p la s m  w as e x tre m e ly  t h in  a n d  show ed num erous  

fe n e s tra t io n s  (F ig s .  3 .1 5 , 3 .16  a n d  3 .4 5 ) .  The la t e r a l

w a l ls  a n d  th e  o u te r  w a l ls  o f th e  c a p i l la r ie s  w ere  u s u a l ly  

t h ic k e r ,  show ed fe w e r o r  la c k e d  fe n e s t ra t io n s ,  a n d  c o n ta in e d  

th e  m a jo r i t y  o f th e  c e l l 's  o rg a n e lle s  in c lu d in g  th e  n u c le u s . 

The n u c le i w e re  i r r e g u la r  in  o u t l in e  a n d  h a d  p ro m in e n t 

m a rg in a l h e te ro c h ro m a t in .  The c y to p la s m  c o n ta in e d  a few  

m ito c h o n d r ia ,  sm ooth e n d o p la s m ic  re t ic u lu m ,  a n d  o c c a s io n a l
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G olg i complexes (F ig .  3 - 4 5 ) .

E n d o th e lia l to  e n d o th e lia l c e l l  ju n c t io n s  w e re  common. 

T h e re  d id  n o t a p p e a r  to  be a n y  m em brane fu s io n  a t  these  ju n c t io n s  

( F ig .  3 . 4 3 ), a n d  i t  w as th o u g h t  u n l ik e ly  th a t  the se  ju n c t io n s  

o f fe re d  a n y  s ig n i f ic a n t  re s is ta n c e  to  d i f fu s io n .

The fe n e s t ra t io n s  o f th e  c h o r io c a p i l la r is  w e re  u n u s u a l 

in  th a t  th e y  possessed a d ia p h ra g m  ( F ig . 3 .4 6 ) .  The fu n c t io n

o f th is  d ia p h ra g m  w as u n c le a r ,  as fro m  t r a c e r  s tu d ie s  th e

e n d o th e liu m  has  been fo u n d  to  o f fe r  l i t t l e  o r  no re s is ta n c e ,  to  

d i f fu s io n  (P e ym a n , S p itz n a s  a n d  S tra a ts m a , 1971b; P eym an

a n d  B ok, 1972).

3 .4 .3  The Cells and Blood Vessels of the Stroma

The e x t r a v a s c u la r  t is s u e  o f th e  s tro m a  w as c o m p ris e d  

o f a loose  n e tw o rk  o f c o lla g e n  f ib r e s  in  w h ic h  w e re  fo u n d  

f ib r o b la s t s ,  m e la n o c y te s , a n d  a m ix e d  assem b la g e  o f in f la m m a to ry  

c e l ls .  Between th e  c a p i l la r ie s  o f th e  c h o r io c a p i l la r is  i t  c o u ld  

be seen th a t  th e  c o lla g e n  f ib r e s  o f th e  s tro m a  w e re  c o n tin u o u s  

w ith  those  o f th e  o u te r  c o lla g e n o u s  la y e r  o f B ru c h 's  m em brane 

( F ig .  3 .4 7 ) .

The v a s c u la r  t is s u e  o f th e  s tro m a  w as co m p ris e d  o f,  in

th e  in n e r  re g io n s ,  s m a ll v e n u le s  a n d  a r te r io le s  ( F ig .  3 -4 8 ) .

The a r te r io le s  w e re  s u r ro u n d e d  b y  sm ooth m usc le  c e l ls .  Un

m y e lin a te d  n e rv e s  w e re  o fte n  fo u n d  in  c lo se  a s s o c ia t io n  w ith

th e  sm ooth m usc le  c e lls  b u t  s y n a p t ic  c o n ta c ts  w e re  n o t o b s e rv e d

( F ig .  3 .4 9 ) .

The e x t r a v a s c u la r  c e l ls  o f th e  s tro m a  w ere  d iv id e d  in to

tw o  g ro u p s : 1) The f ib r o b la s t s  a n d  m e la n o c y te s . 2) A m ix e d

a ssem b la g e  o f in f la m m a to ry  c e l ls .

The f ib r o b la s ts  o f th e  c h o ro id  w ere  u s u a l ly  o r ie n ta te d

w ith  t h e i r  lo n g  axes  p a r a l le l  to  B ru c h 's  m em brane . H ow eve r,
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in  th e  re g io n  o f th e  c h o r o id a l v e s s e ls  th e y  te n d e d  to  fo l lo w  

th e  c o n to u rs  o f th e  v e s s e l w a l ls .  . The. c e lls  had-; e lo n g a te d  

b o d ie s  w h ic h  c o n ta c te d  m ost o f th e  c h o ro id a l s t ru c tu re s  as w e ll  

as o th e r  f ib r o b la s ts  a n d  m e la n o c y te s . T h e ir  c y to p la s m  c o n ta in e d  

p r o f i le s  o f ro u g h  e n d o p la s m ic  r e t ic u lu m ,  fre e  r ib o so m e s , m ito 

c h o n d r ia ,  a nd  o c c a s io n a l G o lg i co m p le xe s . The n u c le i o f th e  

c e l ls  w e re  m o d e ra te ly  la r g e  a n d  e lo n g a te d . T h e y  show ed a 

d i f fu s e  h e te ro c h ro m a tin  p a t te r n  w ith  f in e  n u c le a r  m a rg in a t io n  

( F ig .  3 .5 0 ) .

The c h o r o id a l m e la n o c y te s , l i k e  th e  f ib r o b la s t s ,  w e re  

u s u a l ly  o r ie n ta te d  w ith  t h e i r  lo n g  axes p a r a l l e l  to  B ru c h 's  

m em brane . In  th e  v i c in i t y  o f c h o r o id a l v e s s e ls , h o w e v e r, th e y  

te n d e d  to  fo l lo w  th e  c o n to u rs  o f th e  v e s s e ls . M e la n o cy te s  becam e 

f a r  more n u m e ro u s , a n d  m ore e lo n g a te d , as th e  s u p ra c h o ro id e a  

w as a p p ro a c h e d .

U l t r a s t r u c t u r a l l y , t h e i r  m ost c o n s p ic u o u s  c h a r a c te r is t ic  w as th e  

la r g e  n u m b e r o f m e lanosom es, w h ic h  w ere  s c a tte re d  th ro u g h o u t  

th e  c y to p la s m . The m elanosom es o f th e  m e la n o cy te s  w ere  more 

i r r e g u la r  in  o u t l in e  th a n  those  o f th e  p ig m e n t e p ith e liu m .  

The re m a in d e r  o f th e  c y to p la s m ic  in c lu s io n s  w e re  u n re m a rk a b le .  

T h e re  w e re  a few  p r o f i le s  o f ro u g h  e n d o p la s m ic  re t ic u lu m ,  

o c c a s io n a l m ito c h o n d r ia  a n d  G o lg i co m p le x . T h e ir  n u c le i w e re  

e lo n g a te d , w i th  t h e i r  lo n g  axes  p a r a l le l  to  B ru c h 's  m em brane .

The n u c le i u s u a l ly  show ed a d if fu s e  c h ro m a tin  p a t te rn  w ith  

a s l ig h t  m a rg in a t io n  ( F ig .  3 .5 1 ) .

In f la m m a to ry  c e lls  w e re  com m only seen in  b lo o d  v e sse ls  

a n d  in  th e  e x t r a v a s c u la r  t is s u e s  o f th e  c h o ro id .  I n t r a - v a s c u la r  

in f la m m a to ry  c e lls  w e re  o c c a s io n a lly  seen in  fo r tu i to u s  s e c tio n s . 

These in c lu d e d  m o n ocy te s , ly m p h o c y te s , a n d  a v a r ie t y  o f 

p o ly m o rp h o n u c le a r  le u c o c y te s  ( F ig . 3 .5 2 ) .
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The e x t r a v a s c u la r  in f la m m a to ry  c e lls  w e re  u s u a l ly  

e n c o u n te re d  in  th e  s tro m a  in  is o la t io n  o r ,  in f r e q u e n t ly ,  in  "n e s ts "  

be tw een  th e  la r g e r  v e s s e ls  o f th e  s tro m a  ( F ig .  3 .5 3 ) .  The

c e l l  ty p e s  id e n t i f ie d  in  th e  e x t r a  v a s c u la r  t is s u e s  w e re  m ast 

c e l ls ,  p la s m a  c e l ls ,  ly m p h o c y te s , m onocytes a n d  m a c ro p h a g e s .

M a s t c e l ls  o c c u r re d  in f r e q u e n t ly ,  a n d  u s u a l ly  s in g ly ,  

th ro u g h o u t  th e  s tro m a . These c e lls  w e re  c h a ra c te r is e d  b y  

num erous  c y to p la s m ic  in c lu s io n s  o f v a r y in g  e le c tro n  lu c e n c y .  

T h is  a p p e a ra n c e  d if fe r e d  fro m  o th e r  d e s c r ip t io n s  o f m ast c e lls  

in  w h ic h  th e  c y to p la s m ic  in c lu s io n s  a re  o f e x tre m e  e le c tro n  

d e n s ity  (H o g a n , A lv a ra d o  a n d  W edde l, 1971). I t  w as th o u g h t 

l i k e l y  t h a t  th e  e le c tro n  lu c e n c y  o f th e  g ra n u le s  w as due  to  

le a c h in g  o f t h e i r  c o n te n ts  d u r in g  p ro c e s s in g  fo r  e le c tro n  m ic ro 

s c o p y . The n u c le i o f th e  m ast c e lls  w ere  o fte n  i r r e g u la r  in  

sh ap e  a n d  show ed p ro n o u n c e d  h e te ro c h ro m a tin  s ta in in g .  M it r o -  

c h o n d r ia ,  G o lg i co m p le xe s , a n d  s p a rc e  e n d o p la s m ic  re t ic u lu m  

o c c u rre d  th ro u g h o u t th e  c y to p la s m . V il lo u s  c y to p la s m ic  p rocesses  

w e re  f r e q u e n t ly  o b s e rv e d  e x te n d in g  in to  th e  m ed ia  s u r ro u n d in g  

th e  c e l l  ( F ig . 3 .5 4 a ) .

C h a r a c te r is t ic a l ly ,  th e  p la s m a  c e lls  c o n ta in e d  e x te n s iv e  

ro u g h  e n d o p la s m ic  re t ic u lu m ,  a n d  o c c a s io n a l m ito c h o n d r ia .  

The n u c le i ,  a lth o u g h  te n d in g  to  be ro u n d , o fte n  show ed 

i r r e g u la r i t ie s  o f o u t l in e  a n d  show ed m a rk e d  m a r g in a l h e te ro c h ro m a tin  

s ta in in g .  The c e l l  s u r fa c e  o c c a s io n a lly  show ed a few  s m a ll 

v i l l i  ( F ig .  3 .5 4 b ) .

The c h o r o id a l ly m p h o c y te s  w e re  o f t y p ic a l  a p p e a ra n c e , 

h a v in g  l i t t l e  c y to p la s m  in  r e la t io n  to  th e  s ize  o f th e  n u c le u s . 

T h e ir  c y to p la s m  c o n ta in e d  s c a n t p r o f i le s  o f ro u g h  e n d o p la s m ic  

re t ic u lu m ,  few  m ito c h o n d r ia ,  a n d  p le n t i f u l  f re e  r ib o so m e s . 

The n u c le i w e re  u s u a l ly  ro u n d  w ith  v e ry  dense m a rg in a l h e te r -
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ochrom atin  (F ig .  3 .5 4 c ) .

The m a cro p h a g e s  o f th e  c h o ro id  v a r ie d  c o n s id e ra b ly  

in  m o rp h o lo g y , p re s u m a b ly  r e f le c t in g  t h e i r  d i f f e r e n t ia t io n  fro m  

m onocyte  to  m a tu re  m a c ro p h a g e . I t  w as o fte n  e x tre m e ly  d i f f i c u l t  

to  d is t in g u is h  b e tw een  ly m p h o c y te s  a n d  m o n ocy te s . H ow eve r, 

th e  m onocytes w ere  u s u a l ly  la r g e r .  T h e ir  n u c le i w e re  o fte n  

in v a g in a te d  a n d  th e y  possessed s l ig h t l y  m ore c y to p la s m  th a n  

th e  ly m p h o c y te s . The m onocyte  c y to p la s m  o fte n  c o n ta in e d  s m a ll 

in te n s e ly  s ta in e d  b o d ie s , 0 .1 - 1 .6pm . in  d ia m e te r ,  in  a d d it io n  

to  th e  n o rm a l ra n g e  o f o rg a n e lle s  ( F ig .  3 .5 4 d ) .

The a p p e a ra n c e  o f th e  m a c ro p h a g e s  o f th e  c h o ro id  w as

h ig h ly  v a r ia b le .  In  a d d it io n  to  th e  n o rm a l ra n g e  o f c e l l  

o rg a n e lle s  th e y  f r e q u e n t ly  c o n ta in e d  p r im a r y  a n d  s e c o n d a ry  

lyso so m es . O c c a s io n a lly  th e  c h o r o id a l m a c ro p h a g e s  c o n ta in e d  

m e lanosom es, p re s u m a b ly  d e r iv e d  fro m  th e  c h o r o id a l m e la n o cy te s  

(F ig .  3 .5 5 ) .

3 . 4 .4  The S u p ra c h o ro id e a

The s u p ra c h o ro id e a  ca n  be re g a rd e d  as th e  t r a n s i t io n

zone be tw een  th e  c h o ro id  a n d  th e  s c le ra .  I t s  c e lls  w e re  o f

tw o  ty p e s :  m e la n o c y te s  a n d  f ib r o b la s t s .  The m e la n o cy te s  a nd

f ib r o b la s t s  o f t h is  re g io n  w ere  e s s e n t ia l ly  s im i la r  to  those  o f

th e  c h o r o id a l s tro m a . H o w e ve r, th e  c e lls  o f th e  s u p ra c h o ro id e a  

w ere  m ore e lo n g a te d  in  p r o f i le  th a n  those  o f th e  s tro m a . A fe a tu re  

o f th is  re g io n  w as th e  p re se n ce  o f la r g e  n e rv e s  (p re s u m a b ly  

c i l i a r y  n e rv e s ) w h ic h  c o n ta in e d  b o th  m y e lin a te d  a n d  u n m y e lin a te d  

a xo n s  ( F ig .  3 -5 6 ) .

The ju n c t io n  be tw een  th e  s u p ra c h o ro id e a  a n d  th e  s c le ra  

w as n e v e r  o b s e rv e d  as th e  s c le ra  w as a lw a y s  d is s e c te d  o f f  p r io r  

to  p ro c e s s in g  fo r  e le c tro n  m ic ro s c o p y .

4 9
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F igu re  3.1.

L igh t  m ic rog raph  of the re t in a  in  the reg ion of the v i s u a l  

s treak { x 400).

F igure  3.2.

L igh t  m ic rograph  of the outer  re t ina  in the region

of the v is u a l  s t reak ,  C C; c h o r io c a p i l l a r i s ;  P L: pigment

e p i the l ium ;  Arrow heads; cone inne r  segments and cone ce l l  

nucle i  ( x 10001.
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F igu re  3.3 .

L ig h t  m ic rog raph  of the inn e r  re t in a  in the reg ion of 

the v i s u a l  s t re a k .  OPL: ou ter  p lex i fo rm  la y e r ;  H: h o r izo n ta l  

c e l l ;  B; b ip o la r  c e l l ;  A; amacrine ce l l  ; M: M u l le r  ce l l  (x 1000).

F igu re  3.4

L igh t  m ic rog raph  of the inne r  re t in a  in the reg ion of 

the v i s u a l  s t re a k .  I P L: inn e r  p lex i fo rm  la y e r ;  G ; ga ng l io n  

c e l l ;  N F L : nerve f ib re  la y e r  (x 1000).



Figure  3.5

Light m ic rog raph  of I he p e r ip h e ra l  re t ina  (x 400).

F igure  3.6

L ight m ic rograph  of the re t ina  in the region ot the 

meOu 11 ated f ib re s .  N B: nerve bundles Ix  400).



Figu re  3.7

I. ighl  m ic rog raph  showing a region of re t in a  between 

the v is u a l  st reak and the medal la ted f ib res  (x 400).

F igu re  3.8

high! m ic rograph  of a mvel inated nerve f i b re  bundle  

and associated blood vessels Ix  1000).



F igu re  3.9a and b

L ig i i l  m ic rog raphs  showing the h ig h l y  v a r ia b le  appearance 

of the chorioca pi 11 a r i s and cho ro ida l  vessels. C C: ch o r io -

ca p i 11 a r i  s ( hot h x 1000).



i gu re  3.10

L ight m ic rog ra p h  of the c i io ro id a l  s troma. Me: mela nocy t cs ; 

; f i I ) ro I ) 1 a sIs ( x 1000).

F ig u re  3.11

L igh t  m ic rog ra p h  of the choro id  showing "nes ts "  of 

in f la m m a to ry  ce l ls  o cca s io n a l l y  se en between the la rg e r  vessels 

of the cho ro ida l  stroma i x 1000).



I ' i g u r e  3 . 1 2

Light m ic rog raph  of a cho>oidal a r te r io le  showing the 

o rg a n is a t io n  ol the e n c i r c l i n g  smooth muscle ce l ls .  S M C: 

smooth muscle ce l ls  (x 1000).

Figure 3.13

L ig h t  m ic rog raph  showing the la mell&r a r rangement  

of f i b r o b la s t s  and melanocytes in the sup rachoro idea  ( x  1000).
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I ' lg u r c  3.14

Light tTiicrograpl i showing a por t ion  ot one of the la rg e

c i l i a r y  nerves o cca s io n a l ly  encountered in the suprachoro idea 

(x  iooo)
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Figure 3.15

Flocl rou i i i ici 'ogra ph of a normal pigment e p i t h e l ia l  ce l l .  

N : nucleus . Mt; m i t oc hond t'i a n ; S K R; smooth endoplasinic

re t icu lum ;  R F R : rough endoplasmic re t icu lum ;  B 1; basal

in foU l ings ;  Mg; melanin  g ranu le ;  A p: ap ica l  processes <x

5 .5 0 0 1 .
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F igu re  3.16

High power e lect ron m ic rograph  ol' the basal i n io ld .n g s  

and Bruch ' s membrane. B 1: basal in fo ld in g s ;  Bm: basement

membrane ot the pigment ep i t he 1 i um Ix  117,000).



I ' i g u r o  3 . 1 7

F I ec I ton f.i ic t'og tat ph showing a ho r izon ta l  section th rough  

the ha sa 1 i n toi d ings  ol the pigment e p 11 he 11 um to show th e i r  

h ig h l y  convoluted na t u re i \  31.0U01.
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Figu re  3 . 1 8

Fleet ron m ic rog raph  showing the in t im a te  assoc ia t ion  

between the a p ic a l  processes of the pigment e p i the l ium  and 

the d is ta l  ends of the p h o t o r e c e o t o r s  C O S: cone oute r

segment; R 0 S: rod ou ter  segment; Ap: Ap ica l  processes

( x  9 , 2 0 0 ) .
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Figure 3-19

Fleeiron mieregraph el the junet iona l  complex of the 

pigment e[nt he l ium. The adjacent cytoplasm conta ins  melanin 

g ranu les  a nd |)hagosomes of receptor cell  outer  segment m a t e r i a l  

I C: p inc t iona l  complex; Mg: melanin g ra nu le ;  Ph; phagosome

( X 3 3 . 0 0 0 ) .
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Figure  3.20

High i r a g n i l i c a l i o n  e lect ron m ic rograph  ot pigment e p i t h e l 

ium ju n c t io n a l  complex. The gap junct ion  and the xonuja 

adhaerens are apparen t  but zonu la occ luclen^ is not reso lved.

p ro ba b ly  because of s ta in in g  techn ique. Gj: gap ju n c t io n ;

/  a ; /.on u 1 a a dhaerens t x 1 1 1 . 0 0 0  ) .
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Figure  3 . 2 1

Fleet ron mierogra ph ot t ne pigment ep i the l ium showing 

p le n t i l u l  smooth enilop 1 a sm ie re t icu lum and the la rge  l i p i d  

t i rop le ts  which are c h a rac t er i st ic ol the pigment ep i the l ium .  

N- n u c l e u s ;  l.d 11 p i d d rop let ; Fh; phagosome t x 7 . bOO t .
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F i g u r e  3 .22

High power e lect ron m ic rog raph  of the basal  cy top lasm 

of the pigment e p i the l iu m  showing c o a t e d  vesic les w i t h in  

the cytop lasm and a not he' deve lop ing  from , or l u s in g  w i t h ,  

the basal m e m b r a n e .  Cv: coated ves ic le ;  Arrow:  coated

ves ic le  in assoc ia t ion  w i th  ce l l  membrane (x 130,000).
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Figure 3.23

Low m a g n i f ica t io n  elect ron m ic rograph  of the neura l  

re t in a .  PL: pigment ep i the l ium  ; KOS: rod oute r segments;

COS: cone outer  segment; PIS: rod inne r  segment; CIS: cone

inner  segment; OLM: oute r  l im i t i n g  membrane; Cn: cone nucleus

OPL. : outer p lex i fo rm  la y e r ;  11: ho r izon ta l  c e l l ;  B: b ip o la r  ce l l ;

A: amacrine c e l l ;  M: M u l le r  c e l l ;  1 PL : inne r  p lex i fo rm  laye r ;

G : gang l ion  c e l l ;  NB: nerve bund le  *x 1,200).



i
y

l- ' igurc 3-24

L lec i fon  m ic rog raph  showing the ordered na tu re  of the 

d i ses w i th in  the rod ou ter  segment. tx  5,400).
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F igu re  3.2S

l{ le d  ron in icregru  ph of the p rox im a l  reg ion of a rod 

outer' segment showing that the f i r s t  few  discs are open 

to the In te r  photoreceptor  space.

A r ro w s ;  open i ngs ; Cc: connect ing c i l i u m ;  Mt : mi to -

chondr  ion t. x 33.000) .



F & : C i " " '

F i g u r e  3 .26

Fleet ron ti'ic rogra  pii of a rod connect ing c i l i u m  and basa l  

body. I ' ' i l )t ' i ls cari be seen ex tend ing  into  both the inne r  

and oute r  segments.

Arrow: one of n ine sets of t r i p le t s  fo rm ing basal body;

FI; f i b r i l s  (x 120,000).
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F i g u r e  3 .27

E le c t r o n  m i c r o g r a p h  o f  the  i n n e r  segment o f  a ro d .  

Mt :  m i t o c h o n d r i o n  ; R E R; r o u g h  e n d o p l a s m i c  r e t i c u l u m ;

F r :  f ree  r ib o s o m e s ;  Nt :  n e u r o t u b u l e s ;  G C; G o lg i  c o m p le x ;

A r r o w s :  o u t e r  l i m i t i n g  m em brane  ( x  62,0001.



F i g u r e  3 .28

Electron m ic rograph  of the outer region of ti ie outer  

nuc lear  l a y e r .  Or: oute r  receptor f ib re ;  Cn: cone n u c l e u s ;

Rn: rod n u c le u s  (x 6,500).
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F igu re  3.29

Electron m ic rog raph  of the ou ter  p lex i fo r rn  la y e r .  Ks 

rod s p h e r u l e  ; Cp: cone pedic le  ( x 6,500).
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Figure 3.30

E l e c t r o n  m i c r o g r a p h  s h o w in g  the  f i n e  v i l l o u s  M u l l e r  

c e l l  p ro c e s s e s  e x t e n d i n g  b e y o n d  the  o u t e r  l i m i t i n g  m e m b ra n e .  

Mp: M u l l e r  c e l l  p ro c e s s e s ;  C n :  cone n u c l e u s ;  R I S: ro d

i n n e r  segm ent  ( x  2 1 ,0 0 0 ) .
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F i g u r e  3-31

E l e c t r o n  m i c r o g r a p h  o f  o u t e r  p l e x i f o r r n  l a y e r  s h o w in g  

e x t e n s i v e  M u l l e r  c e l l  c y t o p l a s m  be tween  the  n e u r a l  e le m e n ts .  

Rn.  rod  n u c l e u s  R s . r o d  s p h e r u l e  Me. M u l l e r  c e l l

c y t o p l a s m ;  Mn: M u l l e r  c e l l  n u c l e u s  C< 8 ,0 0 0 ) .
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F i g u r e  3-32

Electron m ic rog raph  of inne r  nuc lea r  la ye r  ^^howing 

pos i t ion  of M u l le r  ce l l  nuc le i  and cv top lasm. Mn: Mulh^r

ce l l  n u c l e u s ,  Me: M u l le r  ce l l  cy top lasm: I E : rough

endot>Kismic re t icu lum  ' x  o.hOOm
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F i g u r e  3 .33

Low power e lect ron m ic rograph  of inne r  re t ina  showing 

a ver t  ic le column of M u l le r  ce l l  cy toplasm r i s i n g  th rough  

the inne r  plex i form la y e r .  Me: M u l le r  ce l l  cvtc^,l,isrw;

Mn: M u l le r  ce l l  n u c l e u s ;  G : g . ing l ion  c e i l ;  N i : :  rn-r v-*

bund les • x 2 ,1Od’ .
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F i g u r e  3 .34

Electron m ic rog raph  of the inne r  l im i t i n g  membrane 

Me: Mullet '  ce l l  cy top lasm; Vc: v i t reous  co l lagen ;  1 E M:

inner  l im i t i n g  membrane (x 3,800).
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F i g u r e  3 .35

E l e c t r o n  m i c r o g r a p h  o f  a korc^onf^aC c e l l .  N: n u c l e u s ;

Mt : m i t o c h o n d r i o n  ; G C: G o l g i  c o m p le x  ( x  6 , 5 0 0 ) .
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F i g u r e  3 .36

Electron m ic rog raph  of inne r  region of inner  nuclear 

l a y e r .  Bn: b ip o la r  ce l l  n u c le u s ;  An; arnacrinc cel l  n u c le u s

Ba; b ip o la r  ce l l  axon; Me: Mu l le r  ce l l  cytoplasm ' x  6,500).
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F i g u r e  3 .37

E le c t r o n  m i c r o g r a p h  o f  g a n g l i o n  c e l l .  N: n u c l e u s ;

R E R: r o u g h  e n d o p l a s m i c  r e t i c u l u m ;  Mt ;  m i t o c h o n d r i a ;

G C: G o lg i  c o m p le x ;  Me: M u l l e r  c e l l  c y t o p l a s m  i x 8 ,6 0 0 )
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F i g u r e  3 .38

E le c t r o n  m i c r o g r a p h  o f  n e r v e  f i b r e  b u n d l e  i n  a r e g i o n  

remote  f rom the  o p t i c  n e r v e .  The a x o n s  a r e  a l l  u n m y e l i n a t e d .  

A x :  a x o n  ( x  6 , 5 0 0 ) .
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F i g u r e  3 -39

Electron m ic rog raph  of the nerve bundles in a region 

close to the opt ic  nerve. Many of the axons are m ye l ina ted .

G ; ga ng l io n  ce l l ;  As; as t rocy te ;  A r row:  Astrocyte  

cvtoplasm ex tend ing  bevond inne r  l im i t i n g  membrane to contact 

blood vessel;  Rc; red cel l  ( x 1,800 G
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Figure 3.40

Electron m ic rograph  of the blood vessels present in con

jun c t io n  w i th  the myel ina ted nerves of the nerve f ib re  la ye r .  

As: as t rocy te ;  Asc; as t rocyte  cytoplasm in associa t ion w ith  

the blood vessels o v e r l y in g  the myel inated nerves (x 4,200).
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Figure 3.41

Electron micrograph of an ol igodendrocyte  showing the 

c h a r ac t e r i s t i c a l l y  intense s ta in ing  of both n u c l e u s  and c yt o 

plasm.  Ax: axon; N : n u c l e u s ;  Me: Muller cel l  cytoplasm;

(x 14.000) .



- .c

/ ' y

" - m

r^ - • ’  ' . ■ ■

ÎG

m

lis

F i g u r e  3 .42

Electron m ic rog raph  of a jun c t io n  in the endothel ium 

ol the e p i -  r e t in a l  vessels. Due to s ta in in g  technique t i g h t  

junct ions wore not apparent (x  139,000).
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F i g u r e  3 .43

H ig h  p o w e r  e l e c t r o n  m i c r o g r a p h  o f  B r u c h ' s  m e m b ra n e .

B 1: b a s a l  i n f o l d i n g s ;  P b m: p i g m e n t  e p i t h e l i u m  b asem en t

m e m b ra n e ;  I C L :  i n n e r  c o l l a g e n o u s  l a y e r ;  E L ’ e l a s t i c

l a y e r ;  0  C L :  o u t e r  c o l l a g e n o u s  l a y e r ;  E b m; e n d o t h e l i a l

b asem en t  m e m b ra n e ;  E c*. e n d o t h e l i a l  c e l l  c y t o p l a s m  ( x 176,000)



/

m.W %

V

F i g u r e  3 .44

Electron m ic rog raph  showing ta n g e n t ia l  section of Bruchs 

membrane. H I; pigment e[) i the l ium basal i n f o ld in g s ;  P b m:

pigment ep i the l ium  basement membrane; 1 C L ;  inne r  co l lagenous 

la v e r ;  E L; e las t ic  l a v e r ;  O C I.: ou te r  co l lagenous la y e r ;  E b m:

Endothe l ia l  ba sement membrane; E c; endo the l ia l  cv toplasm show i ng 

numerous I enest ra t ion s ; ' chor  loca 11 a r i s <x 18,000).
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Figure 3.45

E le c tro n  m ic ro g ra p h  s h o w in g  th e  p ig m e n t e p i th e l iu m  a n d  

c h o r io c a p i 1 la r is  . P E: p ig m e n t e p i th e l iu m ;  B M: B ru c h s  m e m b ra n e ; 

C C: c h o r io c a p i 11 a r i s ; E n : e n d o th e l ia l  c e l l  n u c le o u s ; G C: G o lg i

c o m p le x ; A r ro w s : ca p i l  la r y  fe n e s t ra t io n s  (x  1 7 ,0 0 0 ).
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F ig u re  3 .4 6

H ig h  p o w e r e le c tro n  m ic ro g ra p h  o f e n d o th e l ia l  c e l l  fe n e s t ra 

t io n s .  The fe n e s t ra t io n s  a p p e a r  to  h a ve  a m em brane  d ia p h ra g m .  

H M; B ru c h s  m e m b ra ne ; A rro w s : fe n e s t r a t io n s ;  C C: c h o r io c a p i l la r i s  

(x  2 1 0 ,0 0 0 ).



Figure 3*47

E le c tro n  m ic ro g ra p h  o f B ru c h s  m em brane  in  a re g io n  be tw een  

tw o  c a p i l la r ie s  o f th e  c h o r ic o c a p i l la r i s . In  such  re g io n s  la y e r

5 o f B ru c h s  m e m b ra n e , th e  base m e n t m em brane  o f th e  c h o r io 

c a p i l l a r i s ,  is  a b s e n t.  The o u te r  c o lla g e n o u s  la y e r  o f B ru c h s  is  

c o n t in u o u s  w ith  th e  e x t r a v a s c u la r  t is s u e s  o f the  s tro m a l re g io n  

o f th e  c h o r o id .  C C: c h o r ic o c a p i l la r i s ;  B M -. B ru c h s  m e m b ra n e ;

Arrows: e n do the l ia l  ce l l  basement membrane (x 18,000).
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Figure 3.48

E le c tro n  m ic ro g ra p h  o f th e  c h o r io c a p i l la r i s  a nd  s tro m a

o f th e  c h o r o id .  C C; c h o r io c a p i l la r i s ;  A r :  A r te r io le ;  V e : v e n u le ;

S M: smooth, m u s c le ; F : f ib r o b la s t  (y



Figure 3.49

E le c tro n  m ic ro g ra p h  o f a c h o r o id a l a r t e r io le  s h o w in g  e n c i r c l 

in g  sm ooth m usc le  c e l ls  a nd  a sso c ia te d  u n m y e lin a te d  n e rv e s . S M C ;  

sm ooth m usc le  c e l l ;  a r ro w  : u n m y e lin a te d  n e rv e  b u n d le  (x 3 9 ,0 0 0 ) .
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Figure 3.50 ' _ .'.

F lc c ir o n  m ic ro g ra p h  o f a c h o r o id a l f ib r o b la s t .

N: n u c le u s ;  M t :  m ito c h o n d r io n  ; R E R: ro u g h  e n d o p  1 a sm a

re t ic u lu m  (x  18 ,0Ü 0).



Figure 3.51

E le c tro n  m ic ro g ra p h  o f a c h o r o id a l m e la n o c y te . N . n u c le u s .  

GC : G o lg i c o m p le x ; M t :  m ito c h o n d r io n ;  M g :  m e la n in  g r a n u le ,

( x  1 1 , 0 0 0 ) .



Figure 3.52

E le c tro n  m ic ro g ra p h  s h o w in g  th e  p re se n ce  o f i n t ra  va scu 1 a r  

in f la m m a to ry  c e l ls  w h ic h  w e re  o c c a s io n a l ly  seen in  the vessels 

o f th e  c h o r o id .  M o : m o n o cy te ; P M N : Pol vrnorphonucle.u'

l e u c o c y t e  ( x  5 , 3 0 0 ) .



Figure 3-53

Low p o w e r e le c tro n  m ic ro g ra p h  s h o w in g  a " n e s t "  o f in f la m m a to ry  

c e l ls  w i t h in  the  s tro m a  o f th e  c h o r o id .  P C: p la s m a  c e l l ;  M o ; 

m o n o cy te ; M a : M a c ro p h a g e ; (x  2 ,4 0 0 ) .



Figure 3-54

Electron m ic rog raphs  i l l u s t r a t i n g  some of the ini  larrim.i to rv  

ce l ls  of the cho ro id .  a) mast ce l l  (x 3,400).  b) plasma ce l l

(x 9 ,100).  c) lymphocyte (x 12,000). d) rnonocvte (x U),00i' ] .
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Figure 3-55

E le c tro n  m ic ro g ra p h  s h o w in g  th e  a p p e a ra n c e  o f a m a tu re  

m a c ro p h a g e  in  th e  c h o r o id a l s tro m a . N: n u c le u s ;  M . t ;  m lto c h o n d r io n ;  

L y :  ly s o s o m e s ; P h : phagosom es o r  s e c o n d a ry  lysosom es (x 9 ,2 0 0 ) .
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Figure 3-56

E le c tro n  m ic ro g ra p h  s h o w in g  a p o r t io n  o f a c i l i a r y  n e rv e .  

These w e re  o c c a s io n a l ly  e n c o u n te re d  in  th e  s u p r a c h o ro id e a . Ax: 

a x o n s ; M A x : m y e lin a te d  a x o n ;

( x 3 , 6 0 0 ) .

S n : S chw ann  c e ll  n u c le u s



CHAPTER 4

THE IM M ED IATE EFFECTS ON THE STRUCTURE OF THE RETINA 

AND CHOROID OF EXPOSURE TO LIG HT FOR ONE HOUR.
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4 .1  In tro d u c tio n

T h is  c h a p te r  d e s c r ib e s  th e  s t r u c tu r a l  c h a n g e s  in  th e  r e t in a

a n d  c h o ro id  a f te r  e x p o s u re  o f  th e  r a b b i t  eye to  v a r io u s  in te n s it ie s

o f l i g h t  fo r  one h o u r .

The m a te r ia ls  a n d  m ethods e m p loyed  a re  d e s c r ib e d  in  C h a p te r  

2 . D e ta ils  o f th e  a n im a ls  em p loye d  a re  g iv e n  in  A p p e n d ix  1.

N in e te e n  a n im a ls  w e re  exposed  to  one o f s ix  in te n s it ie s  fo r  one 

h o u r .  Im m e d ia te ly  a f te r  e x p o s u re  th e  a n im a ls  w e re  k i l l e d  a n d  

th e  r e t in a l  a nd  c h o r o id a l t is s u e s  e x a m in e d  b y  l i g h t  a n d  e le c tro n  

m ic ro s c o p y . The o b s e rv a t io n s  m ade w i l l  be d e s c r ib e d  u n d e r  tw o  

h e a d in g s .  These a r e : -

1. L ig h t  dam ag e : i t s  im m e d ia te  e ffe c ts  as d e s c r ib e d

b y  l i g h t  a n d  e le c tro n  m ic ro s c o p y .

2. L ig h t  d am ag e : i t s  im m e d ia te  e ffe c ts  as q u a n t i f ie d

b y  an assessm ent o f th e  ch a n g e s  in  th e  c e l lu la r  com ponents  o f 

th e  o u te r  n u c le a r  la y e r .

As th e  re c e p to r  c e lls  a n d  th e  p ig m e n t e p ith e liu m  a p p e a re d

to  be th e  p r im a r y  s ite s  o f dam ag e , these  a re  th e re fo re  d e s c r ib e d  

in  d e ta i l .  The M u lle r  c e l ls ,  a l l  b u t  r e s is ta n t  to  th e  d a m a g in g  

e ffe c ts  o f l i g h t ,  p la y e d  an  im p o r ta n t  ro le  in  th e  re c o v e ry  o r  r e p a ir

o f th e  r e t in a  fo l lo w in g  p h o t ic  i n ju r y  a nd  a re  th e re fo re  d e s c r ib e d  

in  t h is ,  a n d  th e  fo l lo w in g  c h a p te r .

The p a te n c y  o f th e  c h o r o id a l c i r c u la t io n  a p p e a rs  to  be 

re la te d  to  th e  d e g re e  o f dam age s u ffe re d  b y  th e  r e t in a  . . The

çho ro .id  is  th e re fo re  d e s c r ib e d  in . th is  c h a p te r .
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4 .2  L ig h t  D am age: I t s  im m e d ia te  E ffe c ts  as A ssessed

b y  L ig h t  M ic ro s c o p y

An i n i t i a l  o b s e rv a t io n ,  a n d  p ro b le m , w as th e  e x trem e  v a r ia 

t io n  in  th e  p a t te r n  o f dam age in  th e  e x p e r im e n ta l eyes . The 

p a t te r n  o f dam age d id  n o t a p p e a r  to  be s t r i c t l y  re la te d  to  th e  

a re a  o f i l lu m in a t io n  as w o u ld  be e x p e c te d . T h e re fo re , in  th e

d e s c r ip t io n  o f th e  e ffe c ts  o f i l lu m in a t io n  on th e  e x p e r im e n ta l e ye , 

a t te n t io n  w i l l  be g iv e n  to  th e  "w o rs t  ca se " o b s e rv e d  w i t h in  a n y  

p a r t i c u la r  g ro u p . H o w e ve r, i t  m ust be b o rn e  in  m in d  th a t ,  a lth o u g h  

in c re a s in g  in te n s i t y  o f i l lu m in a t io n  does in d u c e  m ore severe  dam age 

to  th e  r e t in a  a n d  c h o ro id ,  each  e x p e r im e n ta l g ro u p  e x h ib i te d  

c h a n g e s  in  s t r u c tu re  ra n g in g  fro m  n o rm a l to  th e  "w o rs t  ca se " o b s e rv e d  

in  a n y  p a r t i c u la r  g ro u p .

The e ffe c ts  o f one h o u r  e x p o s u re s  as o b s e rv e d  b y  l i g h t  

m ic ro s c o p y  w i l l  be d e s c r ib e d  fo r  each  o f th e  s ix  in te n s it ie s  o f 

i l l u m in a t io n ,  s ta r t in g  w ith  th e  lo w e s t in te n s i t y .

4 .2 .1  G roup  6 (1 a n im a l)  E s tim a te d  R e t in a l I l lu m in a t io n :
20.4mWcm~~^

On g ro s s  e x a m in a t io n  th e  e n t ir e  r e t in a  o f th e  e x p e r im e n ta l 

eye a p p e a re d  f l a t  a n d  a tta c h e d . By l i g h t  m ic ro s c o p y  no d if fe re n c e s  

w e re  d e te c ta b le  be tw een  th e  e x p e r im e n ta l eye a n d  c o n t ro l t is s u e ,  

in  e i th e r  th e  r e t in a  o r  c h o ro id .

4 .2 .2  G roup  5 (2  a n im a ls )  E s tim a te d  R e t in a l I l lu m in a t io n :
23.2mWcm" ^

On g ro ss  e x a m in a t io n  th e  re t in a e  o f th e  e x p e r im e n ta l eyes 

a p p e a re d  f l a t  a n d  a tta c h e d . No s t r u c tu r a l  c h a n g e s  w ere  o b s e rv e d  

in  e i th e r  th e  r e t in a l  o r  c h o r o id a l t is s u e s  e x a m in e d  b y  l i g h t  m ic ro 

sco p y .
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4 -2 .3  G roup  4 (4  a n im a ls )  E s tim a te d  R e t in a l I l lu m in a t io n :
2d.9mWcm

On g ro ss  e x a m in a t io n ,  th e  re t in a e  o f th e  e x p e r im e n ta l eyes 

a p p e a re d  f l a t  a n d  a tta c h e d . B y l i g h t  m ic ro s c o p y  th e  p ig m e n t

e p ith e liu m  o c c a s io n a lly  a p p e a re d  to  be s l ig h t ly  d is te n d e d . T h is  

d is te n s io n  w as a s s o c ia te d  w ith  p a le r  s ta in in g  o f th e  c y to p la s m  

a n d  ro u n d in g  o f th e  c e l ls '  n u c le i .  The re c e p to r  c e lls  in  these  

a re a s  show ed s l ig h t ly  d is tu r b e d  in n e r  a n d  o u te r  segm en ts . T h is  

w as o fte n  a cco m p a n ie d  b y  s l ig h t  oedema o f th e  re c e p to r  c e l ls '  

c y to p la s m  ( F ig .  4 .1 ) .  R a re ly ,  fo c a l d is r u p t io n s  o f  th e  p ig m e n t 

e p ith e liu m  w e re  seen ( F ig .  4 .2 ) .  D is tu rb a n c e s  o f th e  in n e r  r e t in a  

o r  th e  c h o ro id  w e re  n e v e r  o b s e rv e d  w i t h in  th is  e x p e r im e n ta l g ro u p .

4 -2 .4  G roup  3 (4  a n im a ls )  E s tim a te d  R e t in a l I l lu m in a t io n :
3 2 . BmWcm

On g ro s s  e x a m in a t io n  th e  re t in a e  o f th e  e x p e r im e n ta l eyes 

show ed s m a ll i r r e g u la r  fo ld s ,  a lth o u g h  th e  re t in a e  d id  n o t a p p e a r  

to  be d e ta c h e d .

By l i g h t  m ic ro s c o p y  some o f th e  r e t in a l  fo ld s  w e re  h ig h ly  

c o n s p ic u o u s  ( F ig .  4 .3 ) .  In  a d d it io n  to  th e  s l ig h t  s t r u c tu r a l  ch a n g e s  

o b s e rv e d  in  th e  lo w e r in t e n s i t y  g ro u p  m ore e x te n s iv e  oedema o f 

th e  p ig m e n t e p ith e liu m  w as seen ( F ig .  4 .4 ) .  T h e re  w e re  a ls o  

re g io n s  o f a ty p ic a l  p ig m e n t d is t r ib u t io n  w i t h in  th e  p ig m e n t

e p ith e liu m  ( F ig .  4 .5 ) .  The re c e p to r  c e lls  f r e q u e n t ly  show ed d is 

tu rb e d  in n e r  a n d  o u te r  segm en ts . T h is  w as a s s o c ia te d  w ith  oedema 

o f th e  re c e p to r  c e l ls '  c y to p la s m  a n d  o f th e  re c e p to r  c e l ls '  s y n a p t ic  

re g io n s  in  th e  o u te r  p le x ifo rm  la y e r  ( F ig .  4 .6 ) .  D is tu rb a n c e s

to  th e  in n e r  la y e rs  o f th e  r e t in a ,  a p a r t  fro m  th e  n e rv e  f ib r e  la y e r ,  

( F ig .  4 . 6 ) w ere  n o t o b s e rv e d  w i t h in  th is  e x p e r im e n ta l g ro u p .

The c h o ro id  o f one a n im a l w i t h in  t h is  g ro u p  d id  show m a rk e d  in f la m m 

a to r y  c e l l  in v a s io n  (F ig s .  4 .6  a n d  4 .7 )  b u t  i t  w as u n c e r ta in  w h e th e r 

th is  was d i r e c t ly  a t t r ib u ta b le  to  th e  p h o t ic  in s u l t  o r  to  some o th e r  

a g e n c y .
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4 .2 ,5  Group 2 (4 anim als) Estimated Retinal Illum ination:
38.6mWcm Z?

On g ro ss  e x a m in a t io n  th e  re t in a e  w i t h in  th is  g ro u p  show ed 

fo ld in g  a n d  some a re a s  o f w h i t is h  d is c o lo u ra t io n ,  w h ic h  w ere  th o u g h t  

to  be th e  h ig h ly  oedem atous a re a s  seen la t e r  b y  l i g h t  m ic ro s c o p y .

T h is  g ro u p ,  in  a d d it io n  to  th e  s t r u c tu r a l  c h a n g e s  e x h ib ite d  

b y  t is s u e s  exposed  to  th e  lo w e r in te n s i t ie s ,  show ed m ore se ve re

dam age  to  th e  p ig m e n t e p ith e liu m  a nd  re c e p to r  c e l ls .  I n  some 

a re a s  o f th e  t is s u e  e x a m in e d  th e  p ig m e n t e p i th e l ia l  _ n u c le i w e re  

p y k n o t ic .  C e lls  c o n ta in in g  su ch  n u c le i f r e q u e n t ly  show ed a d ec rea se  

in  c e l l  vo lu m e  a n d  a n  in c re a s e  in  t h e i r  in te n s i t y  o f c y to p la s m ic  

s ta in in g  ( F ig .  4 .8 ) .  R e ce p to r c e lls  in  such  a re a s  w e re  h ig h ly

d is tu r b e d .  The o rg a n is e d  a p p e a ra n c e  o f th e  in n e r  a n d  o u te r  segm ents 

w as lo s t ,  b e in g  re p la c e d  b y  a d is o rg a n is e d  la y e r  o f v e s ic u la r

c e l l  d e b r is  ( F ig .  4 .8 ) .  C e lls  o f th e  o u te r  n u c le a r  la y e r  w e re  

oedem atous# a n d  p y k n o t ic  n u c le i w e re  seen. Oedema o f th e  re c e p to r  

c e l ls '  s y n a p t ic  re g io n s  w as a ls o  e v id e n t  in  th e  o u te r  p le x ifo rm  

la y e r .  O edem atous h o r iz o n ta l ,  b ip o la r  a nd  a m a c r in e  c e lls  w e re  

p re s e n t w i t h in  th e  in n e r  n u c le a r  la y e r .  The M u lle r  c e l ls ,  r a th e r

th a n  a p p e a r in g  oedem atous , show ed a s l ig h t  in c re a s e  in  th e  in te n s i t y  

o f t h e i r  s ta in in g  ( F ig .  4 .9 ) .  The g a n g lio n  c e lls  a p p e a re d  to  be 

o f n o rm a l m o rp h o lo g y ; s l ig h t  oedema w as o b s e rv e d  in  b o th  th e  

in n e r  p le x ifo rm  la y e r  a n d  th e  n e rv e  f ib r e  la y e r .  The M u lle r  c e l l  

c y to p la s m  o f th e  in n e r  r e t in a  w as a ls o  d is tu r b e d  a n d  show ed co n 

s id e ra b le  v a r ia t io n  in  i t s  d e n s ity  o f s ta in in g  ( F ig .  4 .9 ) .

W ith in  th e  c h o r o id a l v e sse ls  p la te le t  a g g re g a t io n  a n d  la r g e  

a re a s  o f im p a c te d  re d  c e lls  w e re  f r e q u e n t ly  o b s e rv e d  ( F ig .  4 .10  

a n d  1 1 ). These a re a s  o f p la te le t  a g g re g a t io n  a n d  re d  c e l l  im p a c t io n  

w ere  a lm o s t a lw a y s  a s s o c ia te d  w ith  th e  m ore s e v e re ly  dam aged  

re g io n s  o f r e t in a .
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4 .2 .6  Group 1 (4 animals) Estimated Retinal Illum ination:
84.4mWcm

On g ro ss  e x a m in a t io n  th e  r e t in a  o f th e  e x p e r im e n ta l eyes 

show ed num erous s m a ll fo ld s .  L a rg e  a re a s  o f r e t in a  w ere  s l ig h t ly  

d is c o lo u re d  a nd  a p p e a re d  to  be d e ta c h e d .

By l i g h t  m ic ro s c o p y  th is  g ro u p  w as c h a ra c te r is e d  b y  seve re  

dam age to  th e  p ig m e n t e p ith e liu m  a nd  re c e p to r  c e l ls .  P ig m e n t 

e p i th e l ia l  c e l l  d e b r is  w as f r e q u e n t ly  fo u n d  am ong th e  p le n t i f u l

o u te r  segm ent d e b r is  ( F ig .  4 .1 2 ) .  In  o th e r  a re a s  th e  p ig m e n t

e p i th e l ia l  c e l l  d e b r is  h a d  re m a in e d  in  m ore in t im a te  a s s o c ia t io n

w ith  s e v e re ly  d a m a g e d , b u t  s t i l l  re c o g n is a b le ,  p ig m e n t e p i t h e l ia l  

c e lls  ( F ig .  4 .1 3 ) .  The p re se n ce  o f p ig m e n t e p i t h e l ia l  c e l l  d e b r is  

in  a s s o c ia t io n  w ith  o u te r  segm ent m a te r ia l ( F ig .  4 .1 2 ) m ay h a ve

been due to  a r t  i f a c t u a l  s e p a ra t io n  th ro u g h  th e  dam aged  p ig m e n t 

e p i t h e l ia l  c e l ls .

The re c e p to r  c e lls ' o u te r  segm ents w ere  h ig h ly  d is o rg a n is e d  

a n d  a p p e a re d  as v e s ic u la r  s t ru c tu re s  (F ig s .  4 .12  a n d  4 .1 3 ) .

The in n e r  segm ents w e re  s w o lle n  a n d  c o n ta in e d  num erous  t r a n s lu c e n t  

v e s ic le s ,  p re s u m a b ly  d is te n d e d  m ito c h o n d r ia  ( F ig .  4 .1 4 ) .  M uch 

o f th e  re c e p to r  c e l ls '  c y to p la s m , in c lu d in g  th e  s y n a p t ic  re g io n

w as h ig h ly  oedem atous a n d  m any o f th e  n u c le i o f th e  o u te r  n u c le a r  

la y e r  w e re  p y k n o t ic  ( F ig .  4 .1 4 ) .

H o r iz o n ta l,  b ip o la r  a n d  a m a c rin e  c e l ls  w e re  f r e q u e n t ly

o e d e m a to u s , as w ere  some o f th e  c e l l  p rocesses  w i t h in  th e  in n e r  

p le x ifo rm  la y e r .  The g a n g lio n  c e l l s , a nd  t h e i r  axon s  in  th e  n e rv e  

f ib r e  la y e r ,  w ere  f r e q u e n t ly  s w o lle n  a n d  oedem atous ( F ig .  4 .1 5 ) .  

As in  th e  p re v io u s  g ro u p ,  some v a r ia t io n  in  th e  in te n s i t y  o f th e

s ta in in g  o f M u lle r  c e l l  c y to p la s m  w as a ls o  a p p a re n t ( F ig .  4 .1 5 ).
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A ra re  f in d in g  w i t h in  t h is  g ro u p , a n d  some e x p e r im e n ta l 

eyes fro m  o th e r  g ro u p s , w as th e  a p p e a ra n c e  o f m a c ro p h a g e - lik e  

c e lls  on th e  in n e r  l im i t in g  m em brane o f th e  r e t in a .  The f in d in g  

o f these  c e lls  d id  n o t a p p e a r  to  be re la te d  to  th e  p re sen ce  o f 

d am aged  r e t in a l  t is s u e s  (F ig s .  4 .1  a n d  4 .1 6 ) .

As in  G roup  2, a re a s  o f s e v e re ly  d am aged  r e t in a  w ere  

a s s o c ia te d  w ith  p la te le t  a g g re g a t io n  a nd  re d  c e l l  im p a c t io n  w i t h in  

th e  c h o r io c a p i l la r i s , a n d  in  some o f th e  d ee p e r v e s s e ls  o f th e  c h o ro id  

( F ig .  4 .1 7 ) .

4.3  Light Damage: Its  Immediate Effects as Assessed by

Electron Microscopy

T h is  s e c tio n  d e s c r ib e s  th e  im m e d ia te  e ffe c ts  o f l i g h t  dam age 

as o b s e rv e d  b y  e le c tro n  m ic ro s c o p y . As in  th e  p re v io u s  s e c tio n  

th e  d e s c r ip t io n s  w i l l  be co n ce rn e d  w ith  th e  "w o rs t  case" in  a n y  

e x p e r im e n ta l g ro u p .  The g ro u p s  w i l l  be d e s c r ib e d  in  o rd e r  o f 

in c re a s in g  l i g h t  in t e n s i t y .

4 .3 .1  Group 6 (1 anim al) Estimated Retinal Illum ination;
2Q.4mWcm

By l i g h t  m ic ro s c o p y  th e re  w as no d e te c ta b le  d if fe re n c e  

be tw een  th e  e x p e r im e n ta l t is s u e  o f th is  g ro u p  a n d  n o rm a l t is s u e .  

S im i la r ly ,  b y  e le c tro n  m ic ro s c o p y , th e  r e t in a l  a n d  c h o r o id a l t is s u e s  

a p p e a re d  n o rm a l.

4 .3 .2  Group 5 (2 anim als) Estimated Retinal Illum ination:
23.2mWcm~^

No d e p a r tu re  fro m  n o rm a l w as o b s e rv e d  in  a n y  o f th e  r e t in a l  

t is s u e s  e x a m in e d  in  t h is  g ro u p .  H o w e ve r, in  th e  c h o ro id  o f one 

a n im a l (LD52) a few  p la te le ts  a n d  in f la m m a to ry  c e lls  w e re  o b s e rv e d  

w i t h in  th e  c h o r io c a p i l la r is  ( F ig .  4 .1 8 ) .  In  a l l  o th e r  re s p e c ts  

th e  t is s u e s  a p p e a re d  n o rm a l.
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4 .3 .3  Group 4 (4 anim als) Estimated Retinal Illum ination:
3 2 .8mWcm~^

D e f in ite  a b n o rm a lit ie s  o f r e t in a l  s t r u c tu re  w e re  f i r s t  d e te c te d  

w i t h in  th is  g ro u p . The r e t in a l  p ig m e n t e p i t h e l ia l  c e lls  show ed 

ro u n d in g  o f t h e i r  n u c le i ,  a n d  m ito c h o n d r ia l d is te n s io n .  The b a s a l 

in fo ld in g s ,  l i p i d  d ro p le ts ,  ju n c t io n a l  co m p le xe s , m e la n in  g ra n u le s

a n d  a p ic a l  v i l l i  w e re  a l l  o f n o rm a l a p p e a ra n c e  ( F ig .  4.190-. On -

ra r e  o cca s io n s  co m p le te  d is r u p t io n  o f in d iv id u a l  p ig m e n t e p i t h e l ia l  

c e lls  w as seen. T h is  f in d in g  w as u n u s u a l in  th a t  th e  n e ig h b o u r in g  

p ig m e n t e p i t h e l ia l  c e lls  w e re  o f n o rm a l m o rp h o lo g y  ( F ig .  4 .2 0 ) .

The re c e p to r  c e l l  o u te r  segm ents show ed s l ig h t  i r r e g u la r i t ie s  

in  t h e i r  d is c  s ta c k in g  ( F ig .  4 .1 9 ) .  Cone c e l l  o u te r  segm ents a p p e a r 

ed to  be m ore s u s c e p t ib le  to  dam age th a n  ro d  o u te r  segm en ts .

The cone o u te r  segm ents o fte n  show ed m a rke d  v é s ic u la t io n  w h ile

n e ig h tb o u r in g  ro d  o u te r  segm ents w e re  o n ly  s l i g h t l y  d is tu r b e d .  

T h is  w as a ls o  t r u e  o f th e  cone in n e r  segm ents w h ic h  a p p e a re d  

to  be m ore s e v e re ly  dam aged  th a n  t h e i r  ro d  c e l l  e q u iv a le n ts  ( F ig .  

4 .1 9 ) .  The cone in n e r  segm ents w e re  s w o lle n  a n d  c o n ta in e d  d is 

te n d e d  m ito c h o n d r ia .

The c e lls  o f th e  in n e rs  la y e rs  o f th e  r e t in a  w e re  a l l  o f 

n o rm a l a p p e a ra n c e .

The c h o ro id  w as o f n o rm a l a p p e a ra n c e , a lth o u g h  in t r a v a s c u la r  

in f la m m a to ry  c e lls  a n d  p la te le ts  m ay h a v e  been m ore com m on,in : ’, .the 

c h o r io c a p i l la r is ,  th a n  w o u ld  h a v e  been e x p e c te d .
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4-3.4  Group 3 (4 anim als) Estimated Retinal Illum ination:
3 2 .8m Wcm"^

S t r u c tu r a l  dam age  to  th e  r e t in a  w as f a r  m ore e x te n s iv e  

in  th is  g ro u p  th a n  in  th e  g ro u p s  d e s c r ib e d . As in  th e  lo w e r 

in t e n s i t y  g ro u p  (g ro u p  4 ) ,  th e  p ig m e n t e p ith e liu m  show ed ro u n d in g  

o f i t s  n u c le i  a n d  d is te n s io n  o f i t s  m ito c h o n d r ia  (F ig s .  4 .21  a n d  4, 

2 2 ) . D is te n s io n  o f th e  p ig m e n t e p i t h e l ia l  sm ooth e n d o p la s m ic  r e t ic 

u lu m , n o t seen in  th e  p re v io u s  g ro u p , w as p re s e n t w i t h in  th is  

g ro u p  ( F ig .  4 .2 2 ) .  T h is  ty p e  o f dam age was p ro b a b ly  th e  e q u iv a l 

e n t o f th e  oedem atous p ig m e n t e p ith e liu m  seen b y  l i g h t  m ic ro s c o p y . 

The p ig m e n t e p ith e liu m  o f one a n im a l (L D 3 .2 ) show ed o th e r  v a r ia t io n s  

o f dam age . One v a r ia t io n ,  n o te d  b y  l i g h t  m ic ro s c o p y , w as a ty p ic a l  

p ig m e n t g ra n u le  d is t r ib u t io n .  The c y to p la s m  o f these  c e lls  c o n ta in 

ed num erous  phagosom es a n d  la r g e  e le c tr o n - lu c e n t  v e s ic le s .  T h e ir  

a p ic a l  s u r fa c e s  w ere  d is p la c e d  in to  th e  in te rp h o to re c e p to r  sp ace . 

T h is  a p ic a l re g io n  o f th e  p ig m e n t e p i th e l ia l  c e lls  c o n ta in e d  m uch 

o f th e  c e l ls '  m e la n in  a n d  g a v e  r is e  to  th e  u n u s u a l a p p e a ra n c e  

seen b y  l i g h t  m ic ro s c o p y  ( F ig .  4 .5  l i g h t  m ic ro g ra p h  a n d  4 .2 3 a  

e le c tro n  m ic r o g ra p h ) .  In  o th e r  re g io n s  w i t h in  th e  r e t in a  o f t h is  

a n im a l p ig m e n t e p i t h e l ia l  c e l ls  c o n ta in e d  p y k n o t ic  n u c le i ,  show ed 

a lte r a t io n s  o f t h e i r  b a s a l in fo ld in g s ,  a nd  show ed m a rk e d  c y to p la s m ic  

d e n s if ic a t io n  ( F ig . 4 .2 3 ,b ).

The re c e p to r  c e l l  o u te r  segm ents w e re  o fte n  d is tu r b e d ,  

a p p e a r in g  tw is te d  a n d  r u p tu r e d  ( F ig . 4 .2 1 ) .  Cone c e l l  o u te r

segm en ts , as in  th e  p re v io u s  g ro u p ,  a p p e a re d  to  be m ore s u s c e p t ib le  

th a n  t h e i r  ro d  c e l l  c o u n te rp a r ts  ( F ig .  4 .2 1 ) .  The re c e p to r  c e l l  

in n e r  segm ent m ito c h o n d r ia  a p p e a re d  d is te n d e d , b u t  n o t r u p tu r e d .  

A g a in ,  th e  in n e r  segm ents o f cones a p p e a re d  to  be m ore s e v e re ly  

dam aged  th a n  t h e i r  ro d  c o u n te r p a r ts .  The c y to p la s m  o f th e  cone 

in n e r  segm ents w as o fte n  n o t ic e a b ly  m ore l i g h t l y  s ta in e d ,  a n d
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th e  d is te n s io n  o f th e  m ito c h o n d r ia  a p p e a re d  to  be s l i g h t l y  g re a te r  

th a n  in  th e  ro d s  ( F ig .  4 .2 1 ) .  The re c e p to r  c e l l  n u c le i w e re  o fte n  

ro u n d e d  a n d  s u rro u n d e d  b y  a h a lo  o f e le c t r o n - lu c e n t  c y to p la s m . 

T h is  s w e ll in g  o f re c e p to r  c e l l  c y to p la s m  w as a ls o  p re s e n t in  th e  

ro d  s p h e r ic le s . H o w e ve r, th e  cone p e d ic le s  a n d  c e l l  b o d ie s  o fte n  

a p p e a re d  le ss  oedem atous th a n  th e  ro d  c e l l  s p h e rù d e s  a n d  c e l l  

b o d ie s  ( F ig . 4 .2 1 ) .

M u lle r  c e l ls  a n d  th e  c e lls  o f th e  in n e r  la y e r s  o f th e  r e t in a  

w e re  a l l  o f n o rm a l a p p e a ra n c e , a lth o u g h  in  one a n im a l,  a g a in  

L D 3 .2 , w h a t a p p e a re d  to  be p y k n o t ic  M u lle r  c e l l  n u c le i w e re  ob 

s e rv e d . T h is  w as a r a r e  f in d in g  b u t  w as th o u g h t to  be o f in te r e s t  

b ecause  o f i t s  d e m o n s tra tio n  o f th e  r a m if ic a t io n s  o f M u lle r  c e l l  

c y to p la s m  th ro u g h o u t  th e  r e t in a .  (F ig . 4 .2 4 ) .

I n  th re e  o f th e  fo u r  a n im a ls  in  th is  g ro u p  th e  c h o ro id  

a p p e a re d  to  be n o rm a l.  H o w e ve r, as show n b y  l i g h t  m ic ro s c o p y , 

th e  c h o ro id  o f one a n im a l (LD  3 .2 )  a p p e a re d  to  c o n ta in  num erous  

in f la m m a to ry  c e l ls .  T h is  w as c o n firm e d  b y  e le c tro n  m ic ro s c o p y

( F ig .  4 .2 5 ) .  These re g io n s  o f in f la m m a to ry  c e l l  i n f i l t r a t e  w e re  

u s u a l ly  a s s o c ia te d  w ith  th e  m ore s e v e re ly  dam aged  re g io n s  o f r e t in a .  

M a c ro p h a g e s , p o ly m o rp h s  a n d  p la s m a  c e lls  w e re  a l l  e v id e n t .  I t  

w as u n c le a r  w h e th e r  the se  c e lls  w e re  p re s e n t in  re sp on se  to  th e  

d am aged  r e t in a l  t is s u e s ,  w h ic h  seemed u n l ik e ly  due  to  th e  s h o r t  

d u r a t io n  o f th e  in s u l t ,  o r  to  some p r e - e x is t in g  c o n d it io n .

4.3 .5  Group 2 (4 anim als) Estimated Retinal Illum ination:
3 8 .6mWcm

W ith in  th is  g ro u p  dam age  w as o b s e rv e d , to  some e x te n t ,  

in  a l l  la y e rs  o f th e  r e t in a .  The dam aged  p ig m e n t e p ith e liu m  show ed 

tw o  d i f fe r e n t  a p p e a ra n c e s : i t  e i th e r  a p p e a re d  s w o lle n  w ith  e le c tro n

lu c e n t  c y to p la s m , o r  s h ru n k e n  w ith  e le c tro n -d e n s e  c y to p la s m  ( F ig . 

4 .2 6 ) .  The n u c le i o f th e  s w o lle n  c e lls  w ere  ro u n d e d , th e  m ito 
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c h o n d r ia  w e re  e i t h e r  s l i g h t l y  s w o l le n  o r  s m a l l  a n d  e l e c t r o n  

d e n s e .  T he  s w o l le n  a p p e a r a n c e ,  b y  l i g h t  m ic r o s c o p y ,  w as 

p r e s u m a b ly  d u e  t o  d i s t e n s i o n  o f  th e  c e l l s  a b u n d a n t  s m o o th  

e n d o p la s m ic  r e t i c u l u m .  T h e  r e m a in d e r  o f  t h e  i d e n t i f i a b l e  

c e l l  o r g a n e l l e s ,  t h e  m e la n in  g r a n u le s ,  l i p i d  d r o p l e t s  

a n d  j u n c t i o n a l  c o m p le x e s ,  w e re  a l l  o f  n o r m a l a p p e a ra n c e  

( F i g .  4 . 2 6 a ) .  W ith in  th e  d e n s e ly  s ta in e d  p ig m e n t e p ith e liu m  

th e re  w as a m a rk e d  lo ss  o f c e l l  vo lu m e  w h ile  th e  n u c le i w e re  

s h ru n k e n  a nd  v e ry  d e n s e ly  s ta in e d .  M ito c h o n d r ia ,  a lth o u g h  id e n t 

i f ia b le  w i t h in  th e  c y to p la s m , w e re  p o o r ly  p re s e rv e d . The a p ic a l 

p rocesses  w ere  lo s t  a n d  th e  m e la n in  g ra n u le s  d is p e rs e d  th ro u g h o u t  

th e  a p ic a l c y to p la s m  o f th e  c e l l .  The la rg e  l i p i d  d ro p le ts ,  c h a r 

a c te r is t ic  o f th e  r a b b i t  r e t in a ,  w e re  s t i l l  p re s e n t b u t ,  due  to  

th e  s h ru n k e n  n a tu re  o f th e  c e l ls ,  th e y  a p p e a re d  d is p r o p o r t io n a te ly  

la r g e .  J u n c t io n a l com p lexes  c o u ld  n o t be id e n t i f ie d ,  p re s u m a b ly  

due  to  t h e i r  la c k  o f c o n t ra s t  a g a in s t  th e  in te n s e ly  s ta in e d  c y to 

p la s m  ( F ig . 4 . 26b ) .

The re c e p to r  c e lls  w e re  s e v e re ly  dam aged  ( F ig .  4 .2 7 ) .

The o u te r  segm ents w e re  h ig h ly  d is o rd e re d  a n d  show ed e x te n s iv e  

lo ss  o f s t r u c tu r a l  o r g a n is a t io n .  W ith in  th e  o u te r  r e t in a  i t  w as 

no lo n g e r  p o s s ib le  to  d is c r im in a te  be tw een  cone a n d  ro d  o u te r  

segm en ts . H ow eve r, cone c e l l  in n e r  segm ents w e re  id e n t i f ia b le  

am ongst th e  o u te r  segm ent d e b r is .  T h ey  a p p e a re d  as in te n s e ly  

s ta in e d  p e a r  sh a p e d  s t ru c tu re s  c o n ta in in g  d is te n d e d  m ito c h o n d r ia  

( F ig .  4 . 2 7 ) .  M any o f th e  re c e p to r  c e l l  n u c le i w e re  s u rro u n d e d  

b y  a h a lo  o f e le c tr o n - lu c e n t  c y to p la s m . O c c a s io n a lly  p y k n o t ic  

n u c le i w e re  p re s e n t in  th e  o u te r  n u c le a r  la y e r  ( F ig .  4 .2 7 ) .  The 

ro d  c e l l  sp h e riib h e s  a p p e a re d  s w o lle n  a n d  e le c tro n - lu c e n t  in  con 

t r a s t  to  cone p e d ic le s  w h ic h  o fte n  re ta in e d  t h e i r  n o rm a l 

m o rp h o lo g y  ( F ig . 4 .2 8 ) .
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The M u lle r  c e l l  c y to p la s m  w i t h in  th e  in n e r  n u c le a r  la y e r  

re ta in e d  i t s  n o rm a l m o rp h o lo g y , a lth o u g h ,  some o f th e  M u lle r  

c e l ls  w e re  m ore in te n s e ly  s ta in e d  th a n  n o rm a l ( F ig .  4 .2 7 ) .  The 

o th e r  c e lls  o f th is  la y e r ,  h o r iz o n ta l c e l ls ,  b ip o la r  c e lls  a n d  

a m a c r in e  c e l ls ,  f r e q u e n t ly  h a d  s w o lle n  e le c tr o n - lu c e n t  c y to p la s m  

a n d  d is te n d e d  m ito c h o n d r ia  ( F ig .  4 .2 7 ) .  M a n y  o f th e  p rocesses  

o f th e  in n e r  p le x ifo rm  la y e r  w e re  s w o lle n  a n d  e le c tr o n - lu c e n t  

as w e re  some o f th e  g a n g lio n  c e l ls  (F ig s .  4 .27  a n d  4 .2 9 ) .  The 

M u lle r  c e l l  c y to p la s m  o f th e  in n e rm o s t re g io n s  w as o f v a r ia b le  

e le c tro n  d e n s ity  b u t  o f n o rm a l m o rp h o lo g y  ( F ig . 4 .2 9 ) .

As in  th e  p re c e d in g  g ro u p s , re g io n s  o f e x te n s iv e ly  dam aged  

r e t in a  w e re  a s s o c ia te d  w ith  th e  p re se n ce  o f p la te le ts  a n d  in f la m m 

a to r y  c e lls  in  th e  c h o r io c a p i l la r is  ( F ig .  4 .3 0 ) .  The re m a in d e r  

o f th e  c h o ro id  a p p e a re d  n o rm a l.

4 .3 .6  Group 1 (4 anim als) Estimated Retinal Illum ination:
84.4mWcm ^

I n  th is  , g ro u p  th e  g re a te s t;  dam age to  th e  r e t in a l  

a n d  c h o r o id a l t is s u e s  o f e x p e r im e n ta l eyes w as o b s e rv e d . As 

in  th e  p re v io u s  g ro u p ,  th e  p ig m e n t e p ith e liu m  e ith e r  a p p e a re d  

d is te n d e d  a n d  e le c t r o n - lu c e n t , o r  s h ru n k e n  a n d  e le c tro n -d e n s e . 

The e le c tro n -d e n s e  c e l ls  w e re  s im i la r  in  m o rp h o lo g y  to  tho se  

d e s c r ib e d  in  G roup  2 (see F ig . 4 .2 6 b ) .  H o w e ve r, th e  e le c tro n -

lu c e n t  re g io n s  d i f fe r e d  c o n s id e ra b ly  fro m  those  d e s c r ib e d  in  th e  

p re v io u s  s e c tio n  ( 4 .3 .5 ) .  The p ig m e n t e p i t h e l ia l  b a s a l in fo ld in g s ,  

a lth o u g h  p re s e n t a n d  o fte n  s t i l l  in  a p p o s it io n  to  B ru c h 's  m em brane , 

w e re  h ig h ly  a lte re d  ( F ig s . 4 .31  a n d  4 .3 2 ) .  The n u c le i  w e re  s t i l l  

e v id e n t  b u t  th e y  w e re  ro u n d e d  a n d  h a d  an  a ty p ic a l  c h ro m a tin  

p a t te r n  ( F ig .  4 .3 1 ) .  M ito c h o n d r ia  w e re  n h ig h ly .  a ty p ic a l  

a n d  w e re  th o u g h t  to  be re p re s e n te d  b y  th e  s m a ll v e s ic u la r  s t r u c 

tu re s  p re s e n t w i t h in  th e  c y to p la s m  ( F ig .  4 .3 1 ) .  The m ost
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p ro m in e n t fe a tu re s  w e re  e x tre m e ly  la r g e  v e s ic u la r  s t ru c tu re s  w h ic h  

g r e a t ly  d is te n d e d  th e  p ig m e n t e p i t h e l ia l  c e l ls .  These s t ru c tu re s  

w e re  f i l l e d  w ith  a f lo c c u la te  m a te r ia l ,  re s e m b lin g  th e  p la s m a  

o f th e  c h o r o id a l b lo o d  ve s s e ls  in  i t s  s ta in in g  c h a r a c te r is t ic s  (F ig s .  

4 .31  a n d  4 . 32 ) .

Of th e  re m a in in g  p ig m e n t e p i t h e l ia l  c e l l  in c lu s io n s  a n d  

o rg a n e lle s  o n ly  th e  l i p i d  d ro p le ts  c o u ld  be id e n t i f ie d  in  th e  b a s a l 

p o r t io n  o f these  s e v e re ly  d is te n d e d  c e lls  ( F ig .  4 .3 2 ) ,  a n d  th e  

m e la n in  g ra n u le s  in  w h a t re m a in e d  in t a c t  o f th e  a p ic a l  s u r fa c e  

o f th e  c e l ls .  The a p ic a l  s u r fa c e s  o f th e  p ig m e n t e p i t h e l ia l  c e lls  

fo rm e d  a la y e r  w h ic h  w as co m p ris e d  o f s m a ll v e s ic u la r  s t r u c tu re s ,  

m e la n in  g ra n u le s ,  a n d  s w o lle n  f in g e r - l i k e  s t ru c tu re s  w h ic h  in t e r -  

d ig i t a te d  w ith  th e  dam aged  p h o to re c e p to r  o u te r  segm ents ( F ig . 

4 .3 3 ) .

The re c e p to r  c e l l  o u te r  segm ents w e re  d is te n d e d  a n d  h ig h ly  

v e s ic u la te d ,  o fte n  h a v in g  th e  a p p e a ra n c e  o f m e m b ra n e - f i l le d  b a g s  

( F ig . 4 . 3 4 ) .  D am aged ro d  a n d  cone c e l l  o u te r  segm ents w e re

in d is t in g u is h a b le .  W ith in  th e  in n e r  segm ents i t  w as no lo n g e r  

p o s s ib le  to  d is t in g u is h  be tw een  m y o id  a nd  e l ip s o id  re g io n s .  The 

in n e r  segm ents a p p e a re d  as s a c k - l ik e  s t ru c tu re s  f i l l e d  w ith  d is 

te n d e d  m ito c h o n d r ia  (F ig s .  4 .3 4  a n d  3 5 ).

The m a jo r i t y  o f th e  re c e p to r  c e lls  n u c le i w e re  s u rro u n d e d  

b y  a h a lo  o f e le c t r o n - lu c e n t  c y to p la s m  (F ig .  4 .3 5 ) a lth o u g h  some 

p y k n o t ic  n u lc e i w ere  a ls o  p re s e n t in  th e  o u te r  n u c le a r  la y e r  ( F ig .

4 .3 5 ) .  The s y n a p t ic  re g io n  o f b o th  ro d s  a n d  cones w ere  s w o lle n  

in  th is  g ro u p , u n l ik e  those  in  th e  p re v io u s  g ro u p  ( F ig .  4 .3 5 ) .

H o r iz o n ta l,  b ip o la r ,  a n d  a m a c r in e  c e lls  w ere  h ig h ly  oedem a

to u s  , as w e re  t h e i r  c e l l  p rocesses  in  b o th  th e  o u te r  p le x ifo rm  

la y e r  (e s p e c ia l ly  h o r iz o n ta l c e l l  p ro ce sse s ) a n d  th e  in n e r  p le x ifo rm  

la y e r  ( F ig .  4 .3 6 ) .  The c e l l  o rg a n e lle s  o f these  s e v e re ly  s w o lle n  

c e lls  w e re  o fte n  a g g re g a te d  in  th e  v i c in i t y  o f th e  n u c le u s .
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The g a n g lio n  c e l ls , a n d  t h e i r  a xon s  in  th e  n e rv e  f ib r e  

la y e r ,  a p p e a re d  s w o lle n  a n d  e le c t r o n - lu c e n t .  The g a n g lio n  c e lls  

o fte n  show ed a g g re g a t io n  o f t h e i r  o rg a n e lle s  w i t h in  t h e i r  c y to p la s m  

s im i la r  to  th a t  seen in  th e  h o r iz o n ta l ,  b ip o la r ,  a n d  a m a c r in e  

c e lls  in  th e  in n e r  n u c le a r  la y e r  ( F ig .  4 .3 7 ) .

The m a jo r i t y  o f th e  M u lle r  c e l l  c y to p la s m  w as o f u n u s u a l 

a p p e a ra n c e . In  a d d it io n  to  th e  v a r ia t io n  in  e le c t r o n - d e n s i t y , 

s im i la r  to  th a t  seen in  th e  p re v io u s  g ro u p , th e  c e lls  c o n ta in e d  

num erous  e le c tr o n - lu c e n t  v e s ic le s ,  w h ic h  w e re  p o s s ib ly  d is te n d e d  

tu b u le s  o f sm ooth e n d o p la s m ic  r e t ic u lu m ,  a n d  num erous  e le c tro n -  

dense g ra n u le s  (F ig s .  4 .37  a n d  38) o f u n kn o w n  o r ig in .

As in  th e  p re c e d in g  g ro u p s , s e v e re ly  dam aged  re g io n s  

o f r e t in a  w e re  a s s o c ia te d  w ith  th e  p re sen ce  o f p la te le ts  a n d  

in f la m m a to ry  c e lls  in  th e  c h o r io c a p i l la r is  a n d  d ee p e r ve sse ls  

o f th e  c h o ro id  (F ig s .  4 .31  a n d  3 2 ) .

M a n y  o f th e  e n d o th e lia l c e l ls  o f the  c h o r io c a p i l la r is  a n d  

th e  d eepe r b lo o d  v e s s e ls  h a d  s w o lle n  e le c tr o n - lu c e n t  c y to p la s m  

a n d  s w o lle n  o rg a n e lle s .  T h ey  a ls o  show ed b le b in g  o f t h e i r  c y to 

p la s m  in to  th e  lu m e n  o f th e  b lo o d  v e s s e ls  (F ig s .  4 .31  a n d  3 9 ). 

The d ee p e r c h o r o id a l s t ru c tu re s  w ere  o f n o rm a l a p p e a ra n c e  a p a r t  

fro m  f ib r o b la s ts  in  th e  v i c in i t y  o f th e  c h o r io c a p i l la r is .  These 

c e l ls  o fte n  show ed d is te n s io n  o f t h e i r  c y to p la s m  a n d  c y to p la s m ic  

o rg a n e lle s .  T h e ir  n u c le i a p a r t  fro m  s l ig h t  c r e n e l la t io n , w e re  

o f n o rm a l a p p e a ra n c e  ( F ig .  4 *3 9 ).

A su m m a ry  o f th e  re s u lts  o f th is  s e c tio n  a re  show n in  

F ig . 4 . 4 0 , w h ic h  g iv e s  a q u a l i t a t iv e  assessm ent o f th e  dam age

seen in  G roups 1 to  6 .

63



4 .4  L ig h t  D am age; I t s  Im m e d ia te  E ffe c ts  as A ssessed b y

Q u a n t i f ic a t io n  o f th e  C hanges in  th e  C e l lu la r  C om ponents o f th e

N u c le a r  L a y e r .

4 . 4 .1  In t r o d u c t io n

The a im  o f th e  q u a n t i f ic a t io n  d e s c r ib e d  in  th is  s e c tio n  

w as to  o b ta in  a re p e a ta b le  m ethod  o f a s s e s s in g  th e  c h a n g e s  in  

r e t in a l  s t r u c tu re  o b s e rv e d  b y  e le c tro n  m ic ro s c o p y . The m a te r ia l  

a n d  m ethods e m p loye d  w ere  d e s c r ib e d  in  C h a p te r  2 , S ec tio n  3- 

F o r c l a r i t y , h o w e v e r, a b r ie f  d e s c r ip t io n  w i l l  be g iv e n  h e re .

The t is s u e  used  in  th is  in v e s t ig a t io n  w as th e  same as

th a t  used  in  th e  p re c e d in g  s e c tio n . The t is s u e  s e le c tio n  w as 

d e s c r ib e d  in  C h a p te r  2 , S ec tio n  5 .

As an a id  to  q u a n t i f i c a t io n ,  a r e a d i ly  id e n t i f ia b le  a re a  

o f r e t in a  h a d  to  be s e le c te d . F o r th is  in v e s t ig a t io n  th e  o u te r  

n u c le a r  la y e r  w as ch ose n ; th e  p h o to  re ce p to rs . a re  am ong th e

f i r s t  c e l ls  o f th e  r e t in a  to  show s t r u c tu r a l  c h a n g e s  fo l lo w in g  

e x p o s u re  to  e x c e s s iv e  i l lu m in a t io n .  A d d i t io n a l ly ,  th e  o u te r  n u c le a r  

la y e r  w as r e a d i ly  id e n t i f ia b le  in  a l l  s e c tio n s  o f r e t in a ,  re g a rd le s s  

o f th e  deg re e  o f dam age s u ffe re d  b y  th e  t is s u e .  The o u te r  n u c le a r  

la y e r  w as d e f in e d  as th e  a re a  be tw een  th e  o u te r  l im i t in g  m em brane 

a n d  th e  in n e rm o s t a sp e c t o f th e  re c e p to r  c e l l  syn a p se s  ( F ig .  

4 . 4 1 ) .  The re c e p to r  c e l l  s p h e m c le s  a n d  p e d ic le s  w e re  in c lu d e d  

as th e y  o fte n  e x h ib i te d  s t r u c t u r a l  ch a n g e s  p a r a l le le d  b y  th e  

a p p e a ra n c e  o f dam age in  th e  o u te r  n u c le a r  la y e r .

The fe a tu re s  assessed  in  th e  o u te r  n u c le a r  la y e r  w e re

as fo l lo w s :

a ) P y k n o t ic  re c e p to r  c e l l  n u c le i

b ) R ecep to r c e l l  n u c le i

c ) R ecep to r c e l l  c y to p la s m
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d ) M ü lle r  c e l l  c y to p la s m  

F o u r b lo c k s  w e re  e x a m in e d  fro m  each  e x p e r im e n ta l eye a n d  one

fro m  each  c o n t ro l e ye . Tw o, 100 mesh g r id ,  s q u a re s  w ere

p h o to g ra p h e d  fro m  s e c tio n s  fro m  each  b lo c k .  From  these  100 mesh 

s ize  f ie ld s ,  tw o  d is c re te  a re a s  w e re  p r in te d  a n d  used  fo r  q u a n t

i f i c a t io n .  T hus  s ix te e n  p r in t s  w e re  e xa m in e d  fo r  each  e x p e r im e n t

a l eye a n d  fo u r  fo r  each  c o n t ro l e ye .

F o r a n a ly s is ,  a g r id  o f 100 ra n d o m  p o in ts  (d e r iv e d  fro m  

ra n d o m  n u m b e r ta b le s )  on a 6 " x  4 " (152.5m m  x  102.0m m) a c e ta te  

shee t w ith  a m in im um  p o in t  s e p a ra t io n  o f O . l in .  (2 .54m m ) w as

p la c e d  o v e r th e  6 " x  4 " p h o to m ic ro g ra p h s . P o in ts  w h ic h  f e l l  

on fe a tu re s  o f in te r e s t  in  th e  o u te r  n u c le a r  la y e r  w ere  c o u n te d  

a n d  e x p re s s e d  as a p e rc e n ta g e  o f th e  to ta l  n u m b e r o f p o in ts  la n d 

in g  on th e  o u te r  n u c le a r  la y e r .  The a re a  o f each  6 " x  4 " p r in t  

c o rre s p o n d e d  to  5 ,880pm ^.

To te s t th e  r e p r o d u c ib i l i t y  o f th e  m ethod a se t o f p r in t s  

fro m  one a n im a l w e re  re c o u n te d  a f te r  a tim e  p e r io d  o f 5 m o n th s .

The d if fe re n c e s  in  th e  re s u lts  w e re  e x p re s s e d  as a p e rc e n ta g e  

o f th e  o r ig in a l  r e s u l t  fo r  each  b lo c k  c o u n te d  (4 p r in t s ) .  These 

w e re  summed fo r  th e  5 b lo c k s  re -a n a ly s e d .  The d if fe re n c e s  in

th e  re s u lts  a re  as fo l lo w s :

R ecep to r C e ll N u c le i ll% -5%

R ecep to r C e ll C y to p la s m  8%-6%

M u lle r  C e ll C y to p la s m  34%-14%

The la r g e  e r r o r  in  th e  M u lle r  c e l l  c y to p la s m  co u n ts  w as 

p ro b a b ly  r e la te d  to  th e  lo w  n u m b e r o f co u n ts  o b ta in e d  fo r  M u lle r  

c e l l  c y to p la s m . In te r - o b s e r v e r  e r ro rs  w e re  n o t c a lc u la te d .
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4.4 .2  Results

For complete numerical data see Appendix 3.

C o n tro l R e su lts

The re s u lts  fo r  th e  19 c o n t ro l e yes , a re  p re s e n te d  

as h is to g ra m s  ( F ig . 4 .4 2 ) s h o w in g  m eans a n d  s ta n d a rd

d e v ia t io n s  . The s ta n d a rd  d e v ia t io n s  a r is e  fro m  th e  fa c t  

t h a t  fo u r  m ic ro g ra p h s  w ere  a n a ly s e d  fo r  each  b lo c k  o f t is s u e .  

The fe a tu re s  a n a ly s e d  w e re  re c e p to r  c e l l  n u c le i ,  re c e p to r  

c e l l  c y to p la s m , a nd  M u lle r  c e l l  c y to p la s m . R e su lts  fo r  p y k n o t ic  

re c e p to r  c e l l  n u c le i w e re  n o t o b ta in e d  as such  fe a tu re s  d id  

o c c u r in  a n y  o f th e  c o n t ro l t is s u e s  e x a m in e d . I n  a d d it io n ,  

th e  re s u lts  fo r  each  fe a tu re  co u n te d  w ere  co m b ine d  fo r  a l l  

19 c o n t ro l eyes to  g iv e  a p o o le d  c o n tro l r e s u l t  fo r  each  

fe a tu re  ( F ig .  4 .4 2 ) .  These p o o le d  c o n t ro l re s u lts  w e re  used  

in  th e  su b s e q u e n t s t a t is t ic a l  a n a ly s is  o f th e  e x p e r im e n ta l 

r e s u lts .

E x p e r im e n ta l R e su lts

The re s u lts  fo r  re c e p to r  c e l l  n u c le i ,  re c e p to r  c e l l  

c y to p la s m , a n d  M ü lle r  c e l l  c y to p la s m  w e re  c a lc u la te d  fo r  

each  in d iv id u a l  b lo c k  (4 p r in t s )  a n d  p re s e n te d  as h is to g ra m s

s h o w in g  means a n d  s ta n d a rd  d e v ia t io n s .  The in d iv id u a l

b lo c k  re s u lts  (4 b lo c k s  p e r  a n im a l)  fo r  re c e p to r  c e l l  n u c le i ,  

re c e p to r  c e l l  c y to p la s m , a n d  M u lle r  c e l l  c y to p la s m  w ere  

th e n  t  te s te d  a g a in s t  th e  p o o le d  c o n t ro l r e s u lts .  The le v e ls

o f s ig n if ic a n c e  o b ta in e d  a re  g iv e n  w ith  th e  ra w  d a ta  in  

A p p e n d ix  3. R e su lts  w h ic h  d i f fe r e d  s ig n i f ic a n t ly  fro m  th e

c o n t ro l v a lu e s  w e re  m ore common in  a n im a ls  w h ic h  h a d  been

exposed  to  th e  h ig h e r  l i g h t  in te n s i t ie s .  T h is  t re n d  w as

n o t p a r t i c u la r l y  m a rk e d . The re s u lts  o f th e  b lo c k  co u n ts
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fo r  p y k n o t ic  re c e p to r  c e l l  n u c le i  a re  show n in  A p p e n d ix  3- 

U n fo r tu n a te ly ,  t h e i r  d is t r ib u t io n ,  w i t h in  in d iv id u a l  eyes a n d  

be tw een  e x p e r im e n ta l g ro u p s , d id  n o t in  a n y  w a y  a p p e a r  to  be 

re la te d  to  th e  l i g h t  in t e n s i t y  to  w h ic h  th e  a n im a l,  o r  g ro u p  o f 

a n im a ls ,  h a d  been e xp o se d .

The a im  o f t h is  a n a ly s is  w as to  c o r re la te  ch a n g e s  w i t h in  

th e  o u te r  n u c le a r  la y e r  to  th e  l i g h t  in te n s i t y  to  w h ic h  th e  a n im a l 

h a d  been e xpo se d . T h is  a p p e a re d  to  be p o s s ib le  in  tw o  w a y s .

In  th e  f i r s t  a n a ly s is  th e  b lo c k  re s u lts  fo r  each  a n im a l 

c o u ld  be com b ine d  a n d  p lo t te d  a g a in s t  e s tim a te d  r e t in a l  i l l u m in a 

t io n  ( F ig .  4 . 4 3 ) .  The ra w  d a ta  fro m  w h ic h  F ig u re  4 .43  is  

d ra w n  a re  g iv e n  in  A p p e n d ix  3 a lo n g  w ith  th e  r e s u lts  o f t  te s ts  

c o m p a r in g  the se  r e s u lts  w i th  th e  co m b ine d  c o n t ro l r e s u lts .  As 

in  th e  in d iv id u a l  b lo c k  r e s u lts ,  a n im a l re s u lts  in  w h ic h  a n y  

o f th e  fe a tu re s  assessed w e re  s ig n i f ic a n t ly  d i f fe r e n t  fro m  th e  

c o n t ro l re s u lts  w e re  m ore f re q u e n t  in  an irïi'a is r: w h ic h  h a d  been

exposed  to  th e  h ig h e r  l i g h t  in te n s i t ie s .  H o w e ve r, th e  t re n d  w as 

once m ore n o t p a r t i c u la r l y  m a rk e d . I t  w as a p p a re n t ,  n e v e r th e le s s , 

th a t  a t  th e  h ig h e r  l i g h t  in te n s i t ie s  b o th  th e  s c a tte r  o f th e  re s u lts  

a n d  th e  s ta n d a rd  d e v ia t io n s  o f th e  re s u lts  in c re a s e d . To a n a ly s e  

th is  f in d in g  th e  v a r ia n c e  be tw een  th e  e x p e r im e n ta l r e s u lts  a n d  

th e  p o o le d  c o n t ro l r e s u lts  w e re  c a lc u la te d .  F , th e  v a r ia n c e  r a t io ,  

w as o b ta in e d  b y  d iv id in g  th e  s q u a re d  s ta n d a rd  d e v ia t io n  o f 

th e  e x p e r im e n ta l r e s u l t  b y  th e  s q u a re d  s ta n d a rd  d e v ia t io n  

o f th e  a p p ro p r ia te  c o n t ro l r e s u l t .  O c c a s io n a lly ,  th is  p ro c e d u re  

h a d  to  be re v e rs e d , th e  s q u a re d  c o n t ro l s ta n d a rd  d e v ia t io n  

becom ing  th e  n u m e ra to r  a n d  th e  s q u a re d  e x p e r im e n ta l s ta n d a rd  

d e v ia t io n  th e  d e n o m in a to r , as F m ust be e q u a l to ,  o r  g re a te r  

th a n  1. The a n im a l r e s u lts  f o r  re c e p to r  c e l l  n u c le i ,  re c e p to r
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c e l l  c y to p la s m , a n d  M u lle r  c e l l  c y to p la s m  w ere  th e n  p lo t te d  

a g a in s t  th e  e s tim a te d  r e t in a l  i l lu m in a t io n  to  w h ic h  th e  a n im a l

h a d  been exposed  (F ig s .  4 .4 4 , 4 .4 5  a n d  4 .4 6 ) .  The b e s t s t r a ig h t  

l in e  w as f i t t e d  b y  l in e a r  le a s t  s q u a re  re g re s s io n .  O n ly  in  

th e  case o f re c e p to r  c e l l  c y to p la s m  w as i t  p o s s ib le  to  f i t  a 

s t r a ig h t  l in e  w ith  a P v a lu e  o f le ss  th e n  005 a n d  in  th is  case 

P la y  be tw een  005 a n d  0*01 ( F ig .  4 .4 5 ) .

In  th e  second a n a ly s is  th e  re s u lts  fo r  a l l  th e  b lo c k s

w i t h in  an  e x p e r im e n ta l g ro u p  e xposed  to  th e  same l i g h t  in te n s i t y  

w e re  co m b in e d  a n d  p lo t te d  a g a in s t  th e  e s tim a te d  r e t in a l  i l l u m in a 

t io n  ( F ig .  4 .4 7 ) .  R e su lts  w h ic h  d i f fe r e d  s ig n i f ic a n t ly  fro m  

th e  c o n tro l re s u lts  a re  show n e n c irc le d  in  F ig u re  4 .4 7 . As

ca n  be seen few  o f th e  r e s u lts  d i f f e r  s ig n i f ic a n t ly  fro m  th e  

c o n t ro l re s u lts  show n on th e  y  a x is .  H ow eve r, i t  was a g a in

a p p a re n t  th a t  th e  s ta n d a rd  d e v ia t io n s  a p p e a re d  to  be la r g e r  

fo r  g ro u p s  exposed  to  th e  h ig h e r  l i g h t  in te n s i t ie s .  The v a r ia n c e  

r a t io s  w e re  c a lc u la te d  a nd  p lo t te d  a g a in s t  th e  e s tim a te d  r e t in a l  

i l lu m in a t io n  as b e fo re . I n  th is  case p o s it iv e  c o r re la t io n s  w ere  

o b ta in e d  fo r  b o th  re c e p to r  c e l l  n u c le i a n d  re c e p to r  c e l l  c y to p la s m . 

These w e re  (>C?5 >  p >  O'Ol a n d  p <  0.001 r e s p e c t iv e ly .  ( F ig . 4 .4 8 )

These re s u lts  a nd  t h e i r  im p lic a t io n s  a re  d is c u s s e d  a t 

th e  end  o f th e  c h a p te r .
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4 .5  D iscussion

As w as e x p e c te d , in c re a s in g  in te n s i t y  o f i l lu m in a t io n  

o f th e  r e t in a  re s u lte d  in  in c re a s in g  dam age to  th e  r e t in a l  s t r u c t 

u re .  In  g ro u p s  6 a n d  5 (e s t im a te d  r e t in a l  i l lu m in a t io n  20 .4

—2 —2 mWcm a n d  23.2mWcm r e s p e c t iv e ly )  no d e p a r tu re  fro m  n o rm a l

r e t in a l  s t r u c tu re  c o u ld  be d e te c te d  b y  e ith e r  l i g h t  o r  e le c tro n

m ic ro s c o p y . U l t r a s t r u c t u r a l  c h a n g e s  w ere  f i r s t  o b s e rv e d  in

—2g ro u p  4 (e s t im a te d  r e t in a l  i l lu m in a t io n  28.9mWcm ) a n d  becam e

m ore se ve re  w ith  in c re a s in g  l i g h t  in t e n s i t y ,  u n t i l  in  g ro u p

—21 (e s t im a te d  r e t in a l  i l lu m in a t io n  8 4 .4mWcm ) dam age w as d e te c t

a b le  in  a l l  la y e rs  o f th e  r e t in a .

The i n i t i a l  s ite  o f dam age w as in  some d o u b t as b o th

th e  p ig m e n t e p ith e liu m  a n d  th e  re c e p to r  c e lls  a p p e a re d  to  show

u l t r a s t r u c t u r a l  a b n o rm a lit ie s  s im u lta n e o u s ly .  The p ig m e n t

e p ith e liu m  i n i t i a l l y  show ed s l ig h t  m ito c h o n d r ia l d is te n s io n ,  

ro u n d in g  o f th e  n u c le i ,  a n d  s l ig h t  c y to p la s m ic  r a r e fa c t io n .  

These f in d in g s  w e re  in  g e n e ra l a g ree m e n t w ith  those  o f F r ie d m a n  

a n d  K u w a b a ra  (1 9 68 ), Tso (1 9 7 3 ), K u w a b a ra  a n d  O k is a k a  (1976) 

a n d  F u l le r ,  Mac heme q a n d  K n ig h to n  (1 9 78 ). I n  th e se  s tu d ie s  

th e  m orpho logye  o f th e  o u te r  segm ent dam age w as v e ry  s im i la r  

to  th a t  seen in  t h is  in v e s t ig a t io n ,  a lth o u g h  p ig m e n t e p i t h e l ia l  

dam age w as m ore v a r ia b le  in  i t s  a p p e a ra n c e  in  th e  p re s e n t 

s tu d y .  S l ig h t  d if fe re n c e s  in  m o rp h o lo g y  m ay be a t t r ib u te d

to  th e  d is p a ra te  n a tu re  o f s p e c ie s . R a b b its  w e re  used  in  t h i s  s tud y  

w h ile  m onkeys w e re  th e  e x p e r im e n ta l a n im a ls  em p loye d  in

th e  in v e s t ig a t io n s  c i te d .  V a r ia t io n s  in  l i g h t  so u rces  a n d  e xp o s 

u re  re g im e s  m ay a ls o  a c c o u n t fo r  some o f these  d if fe re n c e s .

L a w w il l  (1973) has  in v e s t ig a te d  th e  e ffe c ts  o f 4 h o u r 

e x p o su re s  to  v a r io u s  in te n s it ie s  o f w h ite  l i g h t  a n d  a rg o n  la s e r
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(514 .5nm  w a v e le n g th )  on th e  D u tch  r a b b i t  r e t in a .  U n fo r tu n a te ly  

c o m p a r is o n s  c a n n o t be d ra w n  be tw een  L a w w il ls  s tu d y  a n d  th e  

p re s e n t s tu d y  as in  L a w w i l l 's  s tu d y  th e  l i g h t  dam aged  t is s u e  

w as n o t e x a m in e d  h is t o lo g ic a l ly  u n t i l  one to  fo u r  m on ths a f te r  

e x p o s u re .

The f in d in g  t h a t  th e  p ig m e n t e p ith e liu m  a n d  th e  p h o to 

re c e p to rs  a p p e a r  to  show u l t r a s t r u c t u r a l  dam age  s im u lta n e o u s ly

m ay be a r e f le c t io n  on t h e i r  in t im a te  s t r u c tu r a l  a n d  m e ta b o lic  

r e la t io n  (S p itz n a s  a n d  H o g a n , 1970 a nd  Y oung a n d  B ok , 1970) 

a n d  p o s s ib ly  in d ic a te  a m e ta b o lic  o r ig in  fo r  l i g h t  dam age .

A lth o u g h  th e  p ig m e n t e p ith e liu m  a n d  th e  re c e p to r  c e l l  o u te r  

segm ents b e g a n  to  show s t r u c t u r a l  a b n o rm a lit ie s  s im u lta n e o u s ly ,  

cone c e l l  o u te r  a n d  in n e r  segm ents a p p e a re d  to  be m ore  s u s c e p t ib le  

to  dam age th a n  t h e i r  ro d  c e l l  c o u n te rp a r ts .  S e v e re ly  dam aged

cone o u te r  segm ents w e re  fo u n d  a d ja c e n t to  o n ly  s l ig h t ly  dam aged  

ro d  c e l l  o u te r  segm en ts . A d i f f e r e n t ia l  s u s c e p t ib i l i t y  o f ro d  

a n d  cone c e lls  to  dam age has  been re p o r te d  b y  ITso.,, W a llo w  

a n d  P o w e ll (1973) in  th e  re t in a e  o f rh e s u s  m onkeys fo l lo w in g  

e x p o s u re  to  a rg o n  la s e r  l i g h t .  In  th e  rh e s u s  m o n k e y 's  r e t in a  

th e  in c re a s e d  s e n s i t i v i t y  o f th e  cone c e l l  to  dam age  b y  la s e r  

l i g h t  w as p re s e n t th ro u g h o u t  th e  s t ru c tu re  o f th e  cone p h o to 

re c e p to r .  The in n e r  a n d  o u te r  segm en ts , th e  n u c le i ,  a n d  th e

s y n a p t ic  p e d ic le s  a l l  show ed d e g e n e ra t iv e  c h a n g e s  in  a d v a n c e

o f th e  c o rre s p o n d in g  re g io n s  o f ro d  c e l ls .  In  th is  s tu d y  th e  

in c re a s e d  s e n s i t i v i t y  o f th e  cone c e lls  to  dam age w as l im ite d  

to  t h e i r  o u te r  a n d  in n e r  segm en ts . F re q u e n t ly ,  in  a n im a ls  e x 

posed to  th e  h ig h e r  l i g h t  in te n s i t ie s ,  cone c e l l  sornata  a n d  re c e p to r  

p e d ic le s  a p p e a re d  to  be m ore r e s is ta n t  to  dam age th a n  th e  ro d  

c e l l  som ata  o r  s p h e r u le s .
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These d if fe re n c e s  in  cone c e l l  s u s c e p t ib i l i t y  to  dam age 

m ay a g a in  be a t t r ib u ta b le  to  spec ies  d if fe re n c e ,  l i g h t  sou rce  

d if fe re n c e s  o r  th e  t im e  a f te r  e x p o s u re  a t w h ic h  th e  t is s u e  w as 

e x a m in e d  h is t o lo g ic a l ly .  In  th e  s tu d y  o f 'T s a *  W a llo w  a n d  P o w e ll 

(1973) th e  m in im um  tim e  e la p s in g  be tw een  e x p o s u re  a n d  h is to lo g ic a l  

e x a m in a t io n  w as f iv e  h o u rs .  T h e re  w as th e  p o s s ib i l i t y  th a t  

f u r t h e r  d e g e n e ra t iv e  ch a n g e s  c o u ld  ta k e  p la c e  d u r in g  th is  t im e .

T so , W a llo w  a n d  P o w e ll (1973) s u g g e s te d  th a t  s u s c e p t ib i l i t y  

o f  th e  cone o u te r  segm ent to  dam age  c o u ld  be p a r t i a l l y  e x p la in e d  

b y  t h e i r  r e la t io n  to  th e  m e la n in  g ra n u le s  o f th e  p ig m e n t e p i th e l

iu m . In  th e  rh e s u s  m onkey th e  m e la n in  g ra n u le s  in  th e  a p ic a l 

v i l l i  o f th e  p ig m e n t e p ith e liu m  a p p e a re d  to  s u r ro u n d  th e  o u te r  

segm ents o f th e  cone c e l ls  fo r  g re a te r  d is ta n c e s  th a n  in  th e  

r a b b i t  e ye . The M e la n in  g ra n u le s  a p p e a re d  to  be p re s e n t in  

g re a te r  n um be rs  as co m p a red  w ith  those  p re s e n t a ro u n d  th e  o u te r  

segm ents o f ro d s .  I n  p h o t ic  in ju r y ,  th e  r a d ia n t  e n e rg y  a b s o rb e d  

b y  th e  m e la n in  g ra n u le s  w o u ld  be c o n v e rte d  to  th e rm a l e n e rg y  

w h ic h  w o u ld  dam age th e  a d ja c e n t s t r u c tu re s .  C o n s e q u e n tly , 

th e  o u te r  segm ents o f cone c e lls  m ay be h e a te d  in d i r e c t l y  b y  

s u r ro u n d in g  m e la n in  g ra n u le s  , a n d  s u b s e q u e n tly  s u s ta in  m ore 

dam age th a n  th e  o u te r  segm ents o f ro d s . A s im i la r  a rg u m e n t 

w as a p p lie d  to  th e  cone c e l l  n u c le i w h ic h  l ie  a d ja c e n t to  th e  

o u te r  l im i t in g  m em brane . Here th e y  w ere  in  c lo s e r  p r o x im it y  

to  th e  m e la n in  g ra n u le s  o f th e  p ig m e n t e p ith e liu m  th a n  w e re  

th e  ro d  c e l l  n u c le i  ̂ a n d  w e re  c o n s e q u e n tly  m ore l i k e l y  to  be 

dam aged  b y  h e a t fro m  th e  m e la n in  g ra n u le s .  T h is  w as th o u g h t  

an  u n l ik e ly  e x p la n a t io n  fo r  th e  cone c e l l  s u s c e p t ib i l i t y  to  dam age 

in  th e  p re s e n t s tu d y  as th e  l i g h t  in te n s it ie s  u s e d , e s p e c ia l ly  

th e  lo w e r ones , w e re  u n l ik e ly  to  p ro d u c e  a s ig n i f ic a n t  r is e  

i n  . r e t in a l  te m p e ra tu re .  (Some a tte m p ts  a t  e s t im a tin g  th e  r is e

in  r e t in a l  te m p e ra tu re  d u r in g  i l lu m in a t io n ,  as w e l l  as b y  d ir e c t
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m e a su rem e n t, h a v e  been m ade. These a re  g iv e n  in  A p p e n d ix  

4 . )  A ls o , th e  dense p a c k in g  o f th e  m e la n in  g ra n u le s  a ro u n d  

th e  cone o u te r  segm ent as seen in  th e  rh e s u s  m onkey does n o t 

e x is t  in  th e  r a b b i t ,  as th e  r a b b i t  cones h a v e  a m uch m ore ro d 

l ik e  a p p e a ra n c e  (H u g h e s , 1971, B u n t, 1978). I t  seems m ore 

l i k e l y  t h a t  th e  s u s c e p t ib i l i t y  o f th e  cone c e lls  seen in  th is  s tu d y  

w as due  to  some s t r u c t u r a l ,  m e ta b o lic  , o r  p h o to c h e m ic a l 

d if fe re n c e .  I t  has  been h y p o th e s is e d  th a t  th e  cone c e l l  o u te r  

segm ent m em brane is  a c o n t in u o u s  s t r u c tu re  a n d  n o t fo rm e d  o f 

d is c re te  d is c s  e n c lo se d  in  a m em brane e n ve lo p e  (Y o u n g , 1965; 

Y oung a n d  D ro  z, 1969; Y o u n g , 1969; L a t ie s ,  Bok a n d  L ie b m a n ,

1976 a n d  A n d e rs o n , F is h e r  a n d  S te in b e rg , 1978). T h is  m ay a ls o  

be t ru e  o f th e  r a b b i t  cone o u te r  segm ent w h ic h  show ed a t y p ic a l  

cone p a t te rn  o f d i f fu s e  in c o rp o ra t io n  o f la b e l le d  s u g a rs  a n d  

am in o  a c id s  as w as d e m o n s tra te d  b y  B un t (1 9 7 8 ). I f  th e  cone 

o u te r  segm ent has  g re a te r  c o n t in u i t y  o f i t s  m em branes th a n  th e  

ro d  i t  m ay be an in h e r e n t ly  w e a k e r s t r u c tu r e .  L o c a lis e d  dam age 

to  a n y  one " d is c "  m ay a f fe c t  n e ig h b o u r in g  d is c s ,  because  o f 

th e  co n e s ' c o n t in u i t y  o f m em brane  s t r u c tu r e ,  a n d  cause  g re a te r  

dam age th a n  w o u ld  be p ro d u c e d  in  th e  d is c re te  d is c  sys tem  o f 

th e  ro d  o u te r  segm en t.

H a rw e r th  a nd  S p e r l in g  (1971) d e m o n s tra te d , in  th e  rh e s u s  

m onkey b y  p s y c h o p h y s ic a l te c h n iq u e s , a lo ss  o f s p e c t ra l sens

i t i v i t y  o f o v e r 90% fo l lo w in g  e x p o s u re  to  l i g h t  o f 6nm b a n d w id th  

c e n tre d  on 463nm fo r  1 .5  h o u rs  p e r  d a y  fo r  seven  c o n s e c u tiv e

d a y s .  T h is  lo ss  w as in  th e  b lu e  re g io n  o f th e  sp e c tru m  a n d

i t  w as p o s tu la te d  t h a t  th e  lo ss  w as p ro d u c e d  b y  a s e le c t iv e  

d e s tru c t io n  o f a c la s s  o f cones w ith  t h e i r  p e a k  a b s o rp t io n  a t 

445nm. These f in d in g s  w e re  la t e r  c o r re la te d  h is t o lo g ic a l ly  to  

s e le c t iv e ly  dam aged  cone c e l ls  in  r e t in a  w h ic h  h a d  been s u b je c te d
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to  n a r ro w  b a n d w id th  i l lu m in a t io n  (S p e r l in g  a n d  Jo hn so n , 1974).

S e v e ra l in v e s t ig a to r s  (N o e l, W a lk e r ,  K ang  a n d  B e rm an , 

1966 ; C orn  a n d  K u w a b a ra , 1967; A n d e rs o n , C o y le , a nd  O 'S te e n , 

1972; a n d  L a w w i l l ,  1973) h a v e  fo u n d  th a t  th e  deg re e  o f  l i g h t  

dam age p ro d u c e d  b y  d i f fe r e n t  w a v e le n g th s  c o rre s p o n d s  to  th e  

deg re e  o f v is u a l  e ffe c t iv e n e s s  o f th e  w a v e le n g th  c o n c e rn e d . 

T h is  m ay bue a s im p l i f i c a t io n .  B lu e  l i g h t  o f s h o r t  w a v e le n g th s ,  

w e l l  b e lo w  th e  p e a k  a b s o rp t io n  o f th e  p h o to -p ig m e n ts , has  been 

show n to  be e x tre m e ly  e f f ic ie n t  in  p ro d u c in g  r e t in a l  dam age (Ham 

M u e lle r  a n d  S lin e y  (19769 Ham, R u ffo lo , M u e lle r ,  C la rk e  a n d  M oon, 

1978 ) .  I t  seems l i k e l y  t h a t  th e  s p e c t ra l c o m p o s it io n  o f th e  l i g h t  

i l lu m in a t in g  th e  r e t in a  w i l l  h a v e  re le v a n c e  to  th e  c la s s  (a s  d e f in e d  

b y  p e a k  a b s o rp t io n )  o f p h o to re c e p to r  w h ic h  w i l l  be d am ag e d .

In  th is  s tu d y ,  w h e re  r a b b i t  re t in a e  w ere  exposed  to  w h ite  

l i g h t  d e l iv e re d  th ro u g h  a f ib r e  o p t ic  sys tem , th e  s e le c tiv e  cone 

dam age  seen a t  th e  lo w e r in te n s i t ie s  m ay be re la te d  to  th e  s p e c t ra l 

d is t r ib u t io n  o f th e  l i g h t  i l l u m in a t in g  th e  r e t in a .  Due to  th e  

e m iss io n  c h a r a c te r is t ic s  o f th e  tu n g s te n  l i g h t  s o u rc e , th e  a b s o rp t io n  

c h a r a c te r is t ic s  o f th e  f ib r e  o p t ic  l i g h t  g u id e ,  a n d  th e  o c u la r  

m e d ia  (see A p p e n d ix  2) c o n s id e ra b ly  more e n e rg y  w as d e l iv e re d  

to  th e  r e t in a  a t th e  re d  end  o f the  sp e c tru m  th a n  th e  b lu e .  

I f  some o f th e  cones in  th e  r a b b i t  r e t in a  w e re  a b s o rb in g  l i g h t  

o f lo n g e r  w a v e le n g th s  th a n  th e  ro d s ,  t h e i r  b le a c h in g  w o u ld  be 

m ore e x te n s iv e .  C o n s e q u e n tly , g re a te r  m e ta b o lic  dem ands w o u ld  

be made on th e  cones . I t  th e re fo re  seemed l i k e l y  t h a t  cone c e lls  

w o u ld  h a v e  been dam aged  b e fo re  a d ja c e n t ro d s , w h ic h  c o u ld  h a ve  

been a b s o rb in g  le s s  l i g h t .

A n y  s u s c e p t ib i l i t y  o f cone c e lls  to  dam age m ay be e nh a n ce d  

b y  m e ta b o lic  d is tu r b a n c e s .  Hans.son (1970b) h as  show n th a t  

s u s ta in e d  l i g h t  e x p o s u re  in h ib i t s  th e  o x id a t iv e  enzym es o f th e
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r e t in a .  T h is  d e p re s s io n  o f a c t i v i t y  w as f i r s t  n o te d  in  th e  p ig m e n t 

e p ith e l iu m ,  a n d  s h o r t ly  a f te r  in  th e  in n e r  segm en ts . As the se  

e x p e r im e n ts  w e re  c o n d u c te d  on r a t s ,  w h ic h  h a v e  v i r t u a l l y  an  

a l l  ro d  r e t in a ,  no c o m p a r is o n  be tw een  ro d s  a n d  cones c o u ld  be 

d ra w n .  H ow eve r, M a r s h a l l ,  M e lle r io  a n d  P a lm e r (1972) d e m o n s tra te d  

a c c u m u la t io n  o f g ly c o g e n  in  th e  in n e r  segm ents o f dam aged  cones 

in  p ig e o n  re t in a e .  T h is  a c c u m u la t io n  o f g ly c o g e n  m ay h a v e  been 

a r e s u l t  o f l ig h t - in d u c e d  d is tu rb a n c e s  o f th e  o x id a t iv e  enzym es 

o f th e  in n e r  segm ent a n d  m ay h a v e  re f le c te d  an  i n a b i l i t y  o f th e  

c e l l  to  u t i l i s e  g ly c o g e n  in  i t s  m e ta b o lis m .

The cone c e l l  m ay be m ore s u s c e p t ib le  to  l i g h t  dam age 

as a r e s u l t  o f a c o m b in a t io n  o f s t r u c tu r a l ,  p h o to c h e m ic a l o r  m e ta 

b o l ic  fa c to r s .  A m e ta b o lic  o r ig in  fo r  l i g h t  dam age h a s  been 

p o s tu la te d  b y  N oe l, W a lk e r ,  K ang  a n d  Berm an (1 9 6 6 ). T hey  s u g g e s t

ed th a t  l i g h t  c o u ld  i n i t i a t e  d e s tru c t iv e  o x id is in g  re a c t io n s  in

th e  r e t in a .  P h o to re c e p to r  d is c s  a re  m o s tly  com posed o f u n s a tu ra te d  

f a t t y  a c id s .  The a c t io n  o f l i g h t  on th e  p h o to p ig m e n ts  b e g in s  

a s e r ie s  o f re a c t io n s  w h ic h  r e s u lt  in  th e  p ro d u c t io n  o f some fre e  

r a d ic a ls .  These fre e  r a d ic a ls  c o u ld  in i t i a t e  a c h a in  re a c t io n  

w h ic h ,  i f  u n ch e cke d  b y  th e  p re sen ce  o f a n t io x id a n ts  such  as 

v i ta m in  E , c o u ld  p ro ce e d  to  p e r o x id a t io n  o f th e  l i p i d  m em branes . 

N oe l, W a lk e r ,  K ang  a n d  B erm an (1966) re p o r te d  n e g a t iv e  re s u lts  

in  e f fe c t in g  l i g h t  dam age  b y  d e p r iv in g  a n im a ls  o f v i ta m in  E o r  

c h a n g in g  e n v iro n m e n ta l o x y g e n  te n s io n . H o w e ve r, in  v i ta m in

E d e f ic ie n t  m o n ke ys , H ayes (1974) d e m o n s tra te d  o u te r  s e g m e n t- ’ 

damage to  cones w h ic h  w as s im i la r  in  a p p e a ra n c e  to- l i g h t  dam cige 

T h e re fo re  ■ p e r o x id a t io n  o f th e  p h o to re c e p to r  m em branes re m a in s  

a p o s s ib i l i t y .

7 4



Noel a n d  A lb re c h t  (1971) c o n s id e re d  th a t  r e t in o l ,  fro m  

e x c e s s iv e  rh o d o p s in  b le a c h in g ,  m ay be a r e t in o - to x ic  a g e n ts . 

F ree  r e t in o l  is  k n o w n  to  h a v e  m e m b ra n e o ly t ic  e ffe c ts  on c e lls  

(D in g le  a n d  L u c y ,  1965 a n d  D a n ie l,  D in g le ,  S h a rm a n , a n d  M oore , 

1966) .  Noel a n d  A lb re c h t  (1971) fo u n d  th a t  v i ta m in  A -  d e f ic ie n t  

r a ts  show ed a d e g re e  o f p ro te c t io n  fro m  l i g h t  d am ag e . These 

r a ts  h a d  re d u c e d  c o n c e n tra t io n s  o f rh o d o p s in  fo r  l i g h t  to  b le a c h  

a n d  d e c re a se d  c o n c e n tra t io n s  o f l ig h t - p r o d u c e d  r e t in o l .  The a u th o rs  

w e re , h o w e v e r, fo rc e d  to  e lim in a te  th is  lo ss  o f r e t in o l  as th e  

fa c to r  o f p r im a r y  im p o r ta n c e  in  p ro te c t in g  th e  v i ta m in  A d e f ic ie n t  

r a t s .  When th e  d e f ic ie n t  r a ts  w e re  exposed  fo r  lo n g  p e r io d s  

o f t im e , l i g h t  dam age  d id  d e v e lo p  d e s p ite  a d e p le t io n  o f r e t in o l .  

T h e y  a ls o  n o te d  t h a t  d e f ic ie n t  a n im a ls  w e re  n o t p ro te c te d  i f  

th e y  h a d  been k e p t in  d a rk n e s s  c o n t in u o u s ly  p r io r  to  e x p o s u re . 

Those a n im a ls ,  w h ile  h a v in g  a lm o s t n o rm a l le v e ls  o f rh o d o p s in ,  

h a d  lo w  s to re s  o f r e t in o l .  The b le a c h in g  o f rh o d o p s in  b y  l i g h t  

te m p o r a r i ly  in c re a s e d  r e t in o l  c o n c e n tra t io n s ,  b u t  i t  w as  n o t th o u g h t 

to  be th e  to x ic  a g e n t re s p o n s ib le  fo r  l i g h t  dam ag e . These a u th o rs  

c o n c lu d e d  th a t  p ro te c t io n  fro m  l i g h t  dam age d epends  upo n  a s ta te  

o f " c e l l  a d a p ta t io n  to  l i g h t "  w h ic h  w o u ld  be re f le c te d  b y ,  b u t  

n o t d e te rm in e d  b y ,  th e  le v e l o f r e t in o l .

A t th e  h ig h e r  l i g h t  in te n s it ie s  in  t h is  s tu d y ,  g ro u p s  3,

2 a n d  1, in c re a s e d  dam age  to  th e  p ig m e n t e p ith e liu m  a nd  re c e p to r  

c e lls  w i th  in c re a s e d  in t e n s i t y  o f i l lu m in a t io n  w as a p p a re n t .  

The dam age  o b s e rv e d  a t  th e  h ig h e r  in te n s it ie s  w as s im i la r  to  

t h a t  d e s c r ib e d  b y  G r ig n o lo ,  O rz a le s i a nd  C a la b r ia  (1 9 6 6 ), O rz a le s i,  

G r ig n o lo  a n d  C a la b r ia  (1 9 6 7 ); O rz a le s i,  G r ig n o lo ,  C a la b r ia  a n d  

C a s te lla z z a  (1 9 6 7 ); a n d  O rz a le s i,  C a la b r ia  a n d  G r ig n o lo  (1 9 70 ); 

a f te r  in t ra v e n o u s  a d m in is t r a t io n  o f  sod ium  io d a te ,  sod ium  f lu o r id e  

d ia m in o d ip h e n o x y p e n ta n c e  a n d  io d o a c e tic  a c id .  A l l  o f  these  com -
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p ou n ds  a re  m e ta b o lic  i n h ib i t o r s , p r e fe r e n t ia l ly  a f fe c t in g  e i th e r  

th e  re c e p to r  c e l ls  o r  th e  p ig m e n t e p ith e liu m .  The s im i la r i t ie s

be tw een  r e t in a l  t is s u e s  p o is o n e d  b y  m e ta b o lic  in h ib i to r s , . ,  a n d

r e t in a l  t is s u e s  dam aged  b y  l i g h t ,  m ay re f le c t  an  u n d e r ly in g  s im i la r 

i t y  in  t h e i r  m echan ism s o f p ro d u c in g  c e l lu la r  dam age .

Im p a irm e n t o f m ito c h o n d r ia l fu n c t io n  as seen b y  t h e i r  

s w e l l in g ,  c o u p le d  w ith  e n z y m ic  in h ib i t i o n  as d e m o n s tra te d  b y

H ansson (1970a, 1970b ), m ay le a d  to  an  im b a la n c e  in  th e  e le c tr o ly te  

c o n te n t o f th e  c e l ls .  T h is  p ro b a b ly  o ccu rs  due  to  f a i lu r e  o f 

m em brane p um ps , c a u s in g  a s u b s e q u e n t a c c u m u la t io n  o f w a te r  

in  th e  c y to p la s m . T h is  m echan ism  m ay be re s p o n s ib le  fo r  th e  

in t r a c e l l u la r  oedema seen, in  th is  s tu d y ,  in  r e t in a e  exposed  to

th e  h ig h e r  l i g h t  in te n s i t ie s .  S im ila r  m ito c h o n d r ia l ch an g es  a n d  

a s s o c ia te d  in t r a c e l l u la r  oedema h a v e  been d e s c r ib e d  in  th e  r a b b i t  

r e t in a  fo l lo w in g  a n o x ia  (W eb s te r a n d  Ames, 1965) a n d  fo l lo w in g

is c h a e m ia  (Johnson  a n d  F o u ld s , 1978). In  th e  r a t  l i v e r  these

ch a n g e s  h a v e  been d e s c r ib e d  fo l lo w in g  a n o x ia  (O u de a , 1963) is c h a e m ia  

(B a s s i,  B e r n e l l i -Z .a z z e ra , . 1964) a n d  h y p o x ia  (B a s s i,  B e r n e l l i -

Z a z z e ra  a n d  C a s s i, I9 6 0 ; S u lk in  a n d  S u lk in ,  1965). S im ila r

c h a n g e s  h a ve  a ls o  been re p o r te d  in  th e  b r a in  t is s u e s  o f ham ste rs  

fo l lo w in g  h y p o x ia  (H a g e r , H ir s c h b e rg e r  a n d  S cho lz , I9 6 0 ) ,

In  th e  n o rm a l eye th e  p ig m e n t e p ith e liu m  is  th o u g h t  to  

be re s p o n s ib le  fo r  th e  m a in te n a n c e  o f th e  b lo o d  r e t in a l  b a r r ie r  

(N o e l,  1963; S ho ise , 1970; B eym an, S p itz n a s  a n d  S tra a ts m a , 

1971b; Reym an a n d  B ok , 1972; R a v io la ,  1977). In  l i g h t  in d u c e d  

dam age to  th e  r e t in a ,  f a i lu r e  o f th e  p ig m e n t e p i t h e l ia l  enzym es 

a n d  m ito c h o n d r ia  m ay le a d  to  th e  c e l l  b e in g  u n a b le  to  f u l f i l  

i t s  ro le  as a b a r r ie r  e p ith e liu m .
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I t  seems p ro b a b le  th a t  a f a i lu r e  in  th e  b a r r ie r  fu n c t io n  

o f th e  r e t in a l  p ig m e n t e p ith e liu m  m ay le a d  to  ch a n g e s  in  th e  

to n ic i t y  a n d  o s m o la r ity  o f th e  in te rp h o to re c e p to r  f l u i d .  T h is  

c o u ld  a d v e rs e ly  a f fe c t  th e  re c e p to r  c e l l  o u te r  segm en ts . S t r u c tu r a l  

c h a n g e s  in  o u te r  segm ents s im i la r  to  those  seen in  th is  s tu d y  

h a v e  been d e s c r ib e d  b y  Cohen (1971) w ho in v e s t ig a te d  th e  e ffe c ts  

o f o sm o tic  s tre s s  on th e  s t r u c tu re  o f th e  re c e p to r  c e l l  o u te r  segm ents 

a n d  d is c s .

In  g ro u p s  1 a n d  2 th e re  w ere  fre q u e n tly -  sm a T L -foca l re g id n s  

o f seve re  r e t in a l  dam ag e . These s m a ll fo c a l re g io n s  o f dam age 

w e re  i r r e g u la r l y  d is t r ib u te d  w i t h in  th e  a re a  o f i l lu m in a te d  r e t in a .

In  these  s e v e re ly  dam aged  re g io n s  th e  p ig m e n t e p ith e liu m  c o n ta in e d

v a c u o le s  o f f lo c c u la te  m a te r ia l .  The re c e p to r  c e l l  o u te r  segm ents

w e re  re d u c e d  to  i r r e g u la r l y  sh a p e d  m em braneous b a g s "  c o n ta in in g  

h ig h ly  d is o rg a n is e d  m em brane m a te r ia l .  The in n e r  segm ents w e re  

u s u a l ly  s w o lle n , a n d  c o n ta in e d  s e v e re ly  d is te n d e d  m ito c h o n d r ia .

The c e lls  o f th e  in n e r  la y e rs  o f th e  r e t in a  o fte n  show ed s w o lle n  

e le c tro n  lu c e n t  c y to p la s m  , c lu m p in g  o f th e  c e l l  o rg a n e lle s  w i t h in  

th e  c y to p la s m , a n d  s w e ll in g  o f t h e i r  n u c le i .  These re g io n s  o f 

seve re  r e t in a l  dam age w e re  o fte n  in te rs p e rs e d  w ith  re g io n s  o f 

c o m p a ra t iv e ly  n o rm a l a p p e a ra n c e . T h is  e x tre m e  v a r ia t io n  o f 

dam age w i t h in  th e  e x p e r im e n ta l t is s u e s  w as u n e x p e c te d .

I n i t i a l l y ,  i t  w as th o u g h t th a t  th e  v a r ia t io n  c o u ld  h a v e  

re s u lte d  fro m  th e  p re sen ce  o f "h o t  s p o ts "  in  th e  l i g h t  in c id e n t  

on th e  r e t in a .  A f te r  c o n s id e ra t io n ,  th is  w as th o u g h t  to  be an  

u n l ik e ly  e x p la n a t io n  as th e  end  o f th e  l i g h t  g u id e  w as p o s it io n e d  

w i t h in  th e  f r o n t  fo c a l le n g th  o f th e  e ye . The f r o n t  fo c a l p o in t

o f th e  r a b b i t  e ye , as d e te rm in e d  b y  H ughs (1972) w as 5.5mm 

in  f r o n t  o f th e  c o rn e a l v e r te x ,  w h e re a s  th e  end  o f th e  l i g h t  g u id e  

w as p o s it io n e d  a b o u t 2mm in  f r o n t  o f th e  c o rn e a l v e r te x .  W ith  

th is  o p t ic a l  a r ra n g e m e n t a fo cu se d  im age  o f th e  end  p la te  o f
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th e  l i g h t  g u id e  c o u ld  n o t be fo rm e d  on th e  r e t in a .  The i l lu m in a t io n  

o f th e  r e t in a  w o u ld  th e re fo re  be h ig h ly  d i f fu s e .  T h is  w o u ld

e lim in a te  th e  p o s s ib i l i t y  o f " h o t  s p o ts " ,  a n d  re g io n s  o f fo c a l 

dam age p ro d u c e d  b y  the m , a r is in g .

M easurem en ts  o f th e  e n e rg y  d is t r ib u t io n  w i t h in  th e  beam 

o f l i g h t  le a v in g  th e  l i g h t  g u id e ,  a n d  i t s  c a lc u la te d  d is t r ib u t io n

on th e  r e t in a ,  a re  g iv e n  in  A p p e n d ix  2 . F rom  the se  c a lc u la t io n s  

i t  w as e xp e c te d  t h a t  th e  c e n tre  o f th e  i l lu m in a te d  a re a  w as

re c e iv in g  a re a s o n a b ly  even  d is t r ib u t io n  o f l i g h t  a n d  t h a t  th e re  

w o u ld  be a re a s o n a b ly  r a p id  re d u c t io n  in  e n e rg y  a t th e  edges 

o f th e  i l lu m in a te d  a re a . I t  w o u ld  a ls o  be e x p e c te d  th a t  th is

d is t r ib u t io n  o f i l lu m in a t io n  w o u ld  g iv e  r is e  to  a le s io n  w ith  an  

even  d is t r ib u t io n  o f dam age in  th e  c e n tre  w i th  re d u c e d  dam age 

a t th e  edges , f i n a l l y ,  m e rg in g  in to  n o rm a l r e t in a .

The v a r ia t io n  o f dam age  seen w i t h in  th e  e x p e r im e n ta l eyes 

m ay h a v e  re s u lte d  fro m  an  in te r a c t io n  o f th re e  fa c to r s .  These 

a re  l i g h t  in d u c e d  m e ta b o lic  dam ag e , l i g h t  in d u c e d  th e rm a l e ffe c ts  

a n d  la s t l y ,  th e  enha nce m e n t o f m e ta b o lic  o r  th e rm a l e ffe c ts  b y  

o c c lu s io n  o f th e  c h o r io c a p i l la r i s . O cc lu s io n s  o f th e  c h o r io c a p i l la r is  

ca use d  b y  d e g ra n u la te d  p la te le ts ,  in f la m m a to ry  c e l ls ,  o r  im p a c te d  

re d  c e lls  w ere  a lm o s t in v a r ia b l y  a s s o c ia te d  w ith  re g io n s  o f severe  

r e t in a l  dam age . As th e  r a b b i t  la c k s  a r e t in a l  c i r c u la t io n  these  

o c c lu s io n s  c o u ld  h a ve  g iv e n  r is e  to  s m a ll fo c a l re g io n s  o f is c h a e m ic  

r e t in a .  P re s u m a b ly , these  re g io n s  w o u ld  be m ore s e n s it iv e  to  

l i g h t  dam age as th e y  w o u ld  a lr e a d y  be in  m e ta b o lic  d i f f i c u l t i e s  

due  to  lo ss  o f t h e i r  b lo o d  s u p p ly .  The s t im u lu s  fo r  th e  p la te le t  

a n d  in f la m m a to ry  c e l l  re sp on se  is  u n c le a r  b u t  i t  m ay h a v e  been 

in  re sp on se  to  th e  m e ta b o lic  b y -p ro d u c ts  o f th e  i n i t i a l  dam age 

to  th e  p h o to re c e p to rs  a n d  p ig m e n t e p ith e liu m .
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M ose ley a n d  S tra n g  (1981) h a v e  c a lc u la te d  th e  e xp e c te d

r is e  in  r e t in a l  te m p e ra tu re  a s s o c ia te d  w ith  c o n s ta n t i l lu m in a t io n  

o f th e  r e t in a  a n d  v a r io u s  assum ed v a lu e s  fo r  c h o r o id a l b lo o d

f lo w .  M ose ley  a n d  S tra n g  (1981) p re d ic te d  th a t  c h o r o id a l b lo o d

f lo w  has  a s m a ll e f fe c t ,  w h ic h  becomes la r g e r  a t h ig h e r  le v e ls  

o f i l lu m in a t io n ,  on r e t in a l  te m p e ra tu re .  I t  seems p ro b a b le  th a t

re g io n s  o f r e t in a  o v e r ly in g  an  o c c lu d e d  re g io n  o f th e  c h o r io c a p i l la r is  

w o u ld  be more s u s c e p t ib le  to  dam ag e . Such re g io n s  o f r e t in a  

w o u ld  be d e p r iv e d  o f m e ta b o lite s  a n d  p ro b a b ly  s u b je c te d  to  e le v a te d  

te m p e ra tu re s . E le v a te d  te m p e ra tu re  h as  been show n to  g r e a t ly  

a c c e le ra te  th e  a p p e a ra n c e , a n d  e n h a nce  th e  d e g re e , o f l i g h t  dam age 

(N o e l, W a lk e r , K ang a n d  B e rm a n , 1966; F r ie d m a n  a n d  K u w a b a ra , 

1968; G rig n o lo ., O rz a le s i,  C a s te llo z z o  a nd  V ito n e , 1969; a n d  

H a n sson , 1970a).

D u r in g  th e  co u rse  o f th e  one h o u r  e xpo su re s  to  l i g h t ,  re g io n s  

o f r e t in a  w ith  a s l ig h t ly  im p a ire d  c h o ro id a l b lo o d  f lo w  m ay h a ve  

e n te re d  in to  a c ir c le  o f in c re a s in g  dam age . D e c re a s in g  c h o r o id a l 

b lo o d  f lo w ,  ca use d  b y  p la te le t  a g g re g a t io n  o r  in f la m m a to ry  c e l l  

in v a s io n  in  re sp on se  to  th e  b y -p ro d u c ts  o f l i g h t  d a m a g e , c o u ld  

le a d  to  e le v a t io n  o f r e t in a l  te m p e ra tu re  f u r t h e r  a c c e le ra t in g  th e  

d a m a g in g  p ro ce sse s . The m ore s e v e re ly  dam aged  r e t in a  m ay th e n  

in d u c e  fu r t h e r  p la te le t  a g g re g a t io n  w i t h in  th e  c h o r io c a p i l la r is ,  

d e c re a s in g  b lo o d  f lo w  to  th e  a d ja c e n t r e t in a  s t i l l  f u r t h e r .

The v a r ia t io n  o f dam age  seen w i t h in  th e  e x p e r im e n ta l t is s u e s  

le d  to  c o n s id e ra b le  d i f f i c u l t i e s  in  a n y  a tte m p t to  p ro d u c e  a 

q u a n t i ta t iv e  m easure  o f dam ag e . I n i t i a l l y ,  i t  w as c o n s id e re d  

p o s s ib le  to  q u a n t i f y  ch a n g e s  in  th e  p ig m e n t e p ith e liu m  o r  th e  

re c e p to r  c e l l  in n e r  a n d  o u te r  segm en ts . C hanges in  th e  p ig m e n t 

e p ith e l iu m ,  h o w e v e r, such  as th e  n u m b e r o f phagosom es w i t h in  

each  c e l l ,  w e re  th o u g h t  u n s u ita b le  fo r  q u a n t i f ic a t io n .  T h is  w as
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because  these  fe a tu re s  h a v e  been show n to  be d e p e n d e n t on e n v iro n 

m e n ta l c o n d it io n s  su ch  as th e  t im e  d u r in g  th e  l i g h t / d a r k  c y c le  

a t w h ic h  th e  r e t in a l  t is s u e s  w ere  f ix e d  (L a  V a i l ,  1976b; B a s in g e r , 

H o ffm an  a n d  M a th e s , 1976; H o l ly f ie ld ,  B esha rse  a n d  R ayborn.,.1.97^ ; 

B e sh a rse , H o l ly f ie ld  a n d  R a y b o rn , 1977; a n d  Y o u n g , 1978).

C hanges in  th e  s t r u c tu r e  o r  a p p e a ra n c e  o f th e  in n e r  a n d  o u te r  

segm ents w ere  c o n s id e re d  u n q u a n t i f ia b le  as t h e i r  a p p e a ra n c e  w as 

h ig h ly  d e p e n d e n t on th e  p la n e  o f s e c tio n . T h is  d i f f i c u l t y  w as

fu r t h e r  com pounded  b y  th e  o r ie n ta t io n  o f o u te r  segm ents b e in g  

f r e q u e n t ly  d is tu r b e d  d u r in g  d is fô c tio n  a n d  su b s e q u e n t t is s u e  p ro c e s s 

in g .

U lt im a te ly ,  i t  w as d e c id e d  to  q u a n t i f y  ch a n g e s  in  th e  o u te r  

n u c le a r  la y e r .  T h is  la y e r  show ed m o rp h o lo g ic a l ch an g es  a f te r

d a m a g in g  l i g h t  e xp o s u re s  w h ic h  w e re  re a s o n a b ly  c o n s is ta n t  w i t h in  

each  b lo c k .  A ls o , th e  p h o to re c e p to rs  a p p e a r  to  be in t im a te ly

a s s o c ia te d  w ith  th e  p r im a r y  p a th o lo g ic a l p rocesses  o f  l i g h t  dam age 

(G r ig n o lo ,  O rz a le s i,  C a s te lla z z o  a n d  V ito n e , 1962; K u w a b a ra

a n d  G o rn , 1968; O 'S te e n , S he a r a n d  A n d e rs o n , 1972).

The fe a tu re s  assessed  w i t h in  th e  o u te r  n u c le a r  la y e r  a re  

l is te d  h e r e : -

a ) P y k n o t lc  R e ce p to r C e ll N u c le i

These w ere  o fte n  e n c o u n te re d  in  th e  g ro u p s  exposed  to  

th e  h ig h e r  l i g h t  in te n s i t ie s  b u t  t h e i r  d is t r ib u t io n  .and  .o c c u rr

ence  w i t h in  g ro u p s  1, 2 , 3 a n d  4 d id  n o t a p p e a r  to  be re la te d

to  in t e n s i t y .

b ) R e ce p to r C e ll N u c le i

These a p p e a re d  to  show  v a r ia t io n  in  s iz e , o fte n  a p p e a r in g  

d is te n d e d  o r  s h ru n k e n , in  th e  g ro u p s  exposed  to  th e  h ig h e r  l i g h t  

in te n s i t ie s .  T h is  s u b je c t iv e  f in d in g  w as c o n f irm e d  b y  a n a ly s is .

The co u n ts  fo r  re c e p to r  c e l l  n u c le i in  g ro u p s  1 a n d  2 w e re  n o t
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in f r e q u e n t ly  b e lo w  th e  c o n t ro l v a lu e s  ( F ig .  4 .4 3  a n d  A p p e n d ix  

3 ) .  As th e  c o u n ts  fo r  a n y  fe a tu re  w ere  e x p re s s e d  as a p e rc e n ta g e  

o f th e  t o ta l  p o in ts  l y in g  on th e  o u te r  n u c le a r  la y e r ,  a nd  s w e ll in g  

o f th e  o u te r  n u c le a r  la y e r  w as a common o b s e rv a t io n  in  th e  h ig h e r  

in te n s i t y  g ro u p s , i t  w o u ld  be e xp e c te d  th a t  th e  n u m b e r o f p o in ts  

l y in g  on th e  re c e p to r  c e l l  n u c le i w o u ld  d im in is h .  I t  w as n o te d  

th a t  th e re  a p p e a re d  to  be an in c re a s e  in  th e  v a r ia n c e  o f th e  

r e s u lts .  T h is  w as s ig n i f ic a n t  o n ly  w hen g ro u p  re s u lts  ( a l l  th e  

a n im a ls  a t one in t e n s i t y  co m b in e d ) w ere  c o n s id e re d .

c) R e ce p to r C e ll C y to p la s m

T h is  a p p e a re d  to  show in c re a s e d  e le c tro n  lu c e n c y  a n d  o fte n  

a p p e a re d  d is te n d e d  in  th e  h ig h e r  in te n s i t y  g ro u p s . A lth o u g h  

th e re  w as a p o o r c o r r e la t io n  be tw een  th e  re s u lts  o b ta in e d  a n d  

th e  in t e n s i t y  o f l i g h t  to  w h ic h  th e  a n im a l h a d  been e xp o se d , 

th e re  a p p e a re d  to  be a g ree m e n t be tw een  th e  dam age e x h ib i te d  

b y  b lo c k  a n d  th e  in d iv id u a l  c o u n ts  o b ta in e d  fo r  th a t  p a r t i c u la r  

b lo c k .  F o r e xa m p le  b lo c k  C2, a n im a l 1.1 h a d  e x c e p t io n a lly  lo w  

c o u n ts  fo r  re c e p to r  c e l l  n u c le i (27% -7.4% ) a n d  h ig h  c o u n ts  fo r  

re c e p to r  c e l l  c y to p la s m  (52% -7.8% ). The c o n t ro l v a lu e s  fo r  these  

fe a tu re s  w ere  51.1-^6.4% a n d  31 .0 -5 .5%  r e s p e c t iv e ly .  The a p p e a r 

ance  o f th e  t is s u e  fro m  w h ic h  th e se  re s u lts  w e re  o b ta in e d  is  show n 

in  F ig u re  4 .3 5 . I t  c a n  be seen th a t  th e  c o u n ts  fo r  re c e p to r  c e l l  

n u c le i a n d  re c e p to r  c e l l  c y to p la s m  d id  v a r y  in  a c c o rd a n c e  w ith  

th e  a p p e a ra n c e  o f th e  t is s u e .  T h e re fo re , th e  i n a b i l i t y  to  dem on-/- 

■S;trafe u n e q u iv p c a b ly ^  r e la t io n s  be tw een  th e  l i g h t  in te n s i t y  to  w h ic h  

th e  t is s u e s  w e re  e xposed  a n d  th e  co u n ts  o b ta in e d  fo r  a n y  fe a tu re  

w i t h in  th a t  t is s u e  w as n o t due  to  a n y  in h e re n t  in s e n s i t iv i t y  o f 

th e  c o u n t in g  m ethod  b u t  w as due  in s te a d  to  th e  v a r ia t io n  w i t h 

in  th e  e x p e r im e n ta l e yes .
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d ) i M u lle r  C e ll C y to p la s m

The co u n ts  fo r  ' M u lle r  c e l l  c y to p la s m  show ed l i t t l e  v a r ia t io n  

fro m  th e  v a lu e s  o b ta in e d  fo r  th e  c o n t ro l t is s u e ,  w h e th e r ta k e n  

in d iv id u a l l y  as re s u lts  fo r  a b lo c k  o r  com b ine d  to  g iv e  re s u lts  

fo r  in d iv id u a l  a n im a ls  o r  g ro u p s . These re s u lts  m ig h t ,  a t  f i r s t ,  

c o n f irm  th e  s u b je c t iv e  v ie w  th a t  M u lle r  c e lls  w e re  f a i r l y  r e s is ta n t  

to  dam ag e . H o w e ve r, r e p r o d u c ib i l i t y  te s ts  show ed c o n s id e ra b le  

v a r ia t io n  in  th e  re s u lts  fo r  M u lle r  c e l l  c y to p la s m . Th is: ' m ay 

h a v e  m asked a n y  e x p e r im e n ta l r e s u l t .  The h ig h  v a r ia t io n  in  

th e  M u lle r  c e l l  co u n ts  w as th o u g h t to  stem fro m  th e  c o m p a ra t iv e ly  

lo w  c o u n ts  o b ta in e d  fo r  them  (l5% -25% ).

The c o u n t in g  m ethod  e m p loye d  d id  a p p e a r to  be s e n s it iv e  

e nough  to  d e te c t ch a n g e s  in  th e  c e l lu la r  r e la t io n s  w i t h in  th e  

o u te r  n u c le a r  la y e r .  C a lc u la t io n s  o f th e  v a r ia n c e  r a t io  fo r  b o th  

th e  a n im a l a n d  g ro u p  re s u lts  ( th e  g ro u p  re s u lts  b e in g  a l l  th e

a n im a ls  a t a p a r t i c u la r  in t e n s i t y )  d id  im p ly  th a t  v a r ia t io n  w i t h in  

th e  t is s u e s  o f one a n im a l a n d  be tw een  a n im a ls  te n d e d  to  in c re a s e  

a t h ig h e r  l i g h t  in te n s i t ie s .  S ources o f v a r ia t io n  w i t h in  th e  t is s u e s  

h a v e  a lr e a d y  been d is c u s s e d . V a r ia t io n  be tw een  a n im a ls  m ay 

be due to  fa c to rs  such  as o c u la r  t ra n s m is s io n ,  s ize  o f th e  e ye , 

a n d  th e  accom m o da tive  s ta te  o f th e  eye . Due to  th e  d o u b le  n a tu re  

o f th e  f ib r e  o p t ic  l i g h t  g u id e  i t  was p o s s ib le  to  i l lu m in a te  th e  

eyes o f tw o  r a b b i t s  s im u lta n e o u s ly .  T h is  w as done on o c c a s io n , 

th e  a n im a ls  co n c e rn e d  b e in g ,  G roup  1: a n im a ls  2 a n d  3, G roup

2: a n im a ls  3 a n d  4, G roup  3: a n im a ls  1 a n d  2, G roup  4: a n im a ls  

1 a n d  2, a n d  G roup  5: a n im a ls  1 a n d  2. E ven  in  th e  p a ir s

o f a n im a ls  w h ic h  w e re  exposed  s im u lta n e o u s ly ,  th e re  s t i l l  e x is te d  

c o n s id e ra b le  v a r ia t io n .  T h is  f in d in g  goes some w a y  to  re d u c in g  

th e  d is c o n c e r t in g  p o s s ib i l i t y  th a t  v a r ia t io n  in  th e  l i g h t  in te n s i t y

w as u n d e r ly in g  th e  v a r ia t io n  seen in  these  e x p e r im e n ts .
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The p o in t  c o u n t in g  m ethod em p loye d  in  these  in v e s t ig a t io n s  

m ay n o t h a ve  been e n t i r e ly  s u c c e s s fu l due to  th e  e x trem e  v a r ia t io n

w i t h in  th e  t is s u e s  a n a ly s e d  b u t  i t  w o u ld  a p p e a r  th a t  i t  c o u ld

be a p p lie d  in  o th e r  s itu a t io n s  w h e re  th e  r e t in a l  ch a n g e s  a re  

o f a more u n ifo rm  n a tu re .  These s itu a t io n s  in c lu d e ,  fo r  e x a m p le , 

r e t in a l  d e g e n e ra tio n  in d u c e d  b y  a cu te  is c h a e m ia  o r  m e ta b o lic  

p o is o n s ,  such  as sod ium  io d a te ,  sod ium  f lu o r id e ,  io d o a c e tic  a c id  

a n d  d ia m in o d ip h e n o x y p e n ta n e .

The c o u n ts  o b ta in e d  fo r  th e  fe a tu re s  assessed w e re  n o t

c o n v e r te d  to  a b s o lu te  m easurem en ts  o f a re a  o r  v o lu m e . T h is  w as 

b ecause  c o u n t in g  sys tem  w as p r im a r i l y  in te n d e d  to  g iv e  a re p e a ta b le  

m ethod  o f a s s e s s in g  r e la t iv e  ch a n g e s  a nd  v a r ia t io n  w i t h in  th e  

t is s u e .  A b s o lu te  m easurem en ts  o f c e l l  a re a  o r  vo lum e  w ere , n o t

r e q u ir e d .
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F ig .  4.1

(LD4.4 block D3). L igh t  m ic rograph showing the ap pe a r 

ance of the re t in a  and cho ro id ,  a f te r  exposure to l i g h t  i n te n s i ty  

4. OS: outer  segments; PE: pigment ep i the l ium ;  CC : cho r io 

c a p i l l a r i s  (x 400).

F ig .  4.2

(LD4.1 block H4). L igh t  m icrograph showing a toc.i l 

d is ru p t io n  of the pigment epit  hel i um. a f te r  ex posu re t e l igh t  

i n te n s i ty  L.  A r r o w :  tocal d is ru p t io n  of [Mgment ep it ii.d i u r;. /

400 I .



F ig .  4.3

(LD3-1 block B2 ). L igh t  m ic rograph  showing the a p p e a r 

ance oi a r e t i n a l  fo ld ,  seen a f te r  exposure to l ig h t  in te n s i t v  

3. (x 250).

F ig .  4.4

(LD3.1 block A3). L ig h t  m ic rograph  showing the appear  

ance of the oute r  re t i n a ,  a f te r  exposure to l ig h t  i n te n s i ty  o 

OS: oute r  segments; PE: pigment ep i the l ium  <x 1,000).
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F ig .  4 .5

(LD3.2 block C2). L ig h t  m ic rograph  showing a region 

of a t y p i c a l l y  pigmented pigment e p i the l iu m ,  a f te r  exposure to 

l ig h t  i n te n s i ty  3. PL: pigment e p i th e l iu m ;  OS: ou ter  segments;

IS: inne r  segments; Arrows: pykno t ic  nuc le i  t x 400).

F ig .  4 .6

(LD3.2 block B3). L igh t  m ic rog raph  showing the a ppea r -  

ance of the re t in a  and ch o ro id ,  a f te r  exposure to l ig h t  i n te n s i ty  

3- PL: pigment e p i th e l iu m ;  OS: outer  segments; IS: inner

segments; ON L : oute r  nuc lea r  la y e r ;  Arrows: oedema tous recc'ptor

sy na pses ; 1C: in f lam m ato ry  ce l ls  (x 400 i .
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Fig .  4.7

(LD3.2 block B3). L igh t  m ic rograph  showing the presence 

of in f lammato ry  ce l ls ,  in one an imal  o n ly ,  a f te r  exposure to 

l i g h t  i n te n s i ty  3. PF : pigment e p i the l ium ;  CC: chor iocap i  1 l a r i s ;

Arrows: in f lammatory  ce l ls  (x 1000).

F i g .  4 . 8

(LD2 . 1  block A3). L igh t  m icrograph showing the outer  

re t ina  and chorioca pi 1 l a r i s , a f te r  exposure to l igh t  in tuns i tv  

?.. CC : c horioca p 111 a t'i s ; OS: outer segments: I : inrnT st'grr.-'ro s

OP L : outer [dex iform 1 a \ er ' x 1000'.
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F ig .  4 .9

(LÜ2.1 block A3). L ig h t  m icrograph showing the inner  

r e t in a ,  a f te r  exposure to l i g h t  in te n s i t y  2. OPL: outer  p lex i fo rm  

la y e r ;  11: ho r izo n ta l  c e l l ;  A: amacrine ce l l ;  IPL: inner

p lex i fo rm  la y e r ;  Me: M u l le r  ce l l  cytoplasm (x 1,000).
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'1.1 . ' . ]  t)lock A.-. . l . igh '  m ic rograph  showing the a p p e a r -  

n nee ot the cho ron i .  a l t e r  exposure to l ig h t  in te n s i t y  2. PE: 

pigment e p i the l iu m ;  Arrows:  [>latelets f i l l i n g  the c h o r io c a p i l l a r i s

( X 1000) .
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Fig .  4.11

(LD  2 .4  b lo c k  B 3 ). L ig h t  m ic ro g ra p h  s h o w in g  the  a p p e a r 

ance  o f th e  c h o r o id ,  a f t e r  e x p o s u re  to  l ig h t  in t e n s i t y  2. PE: 

p ig m e n t e p i th e l iu m ;  IR C : im p a c te d  re d  c e l ls  (x  1 ,0 0 0 ) .

Fig .  4.12

( L D l . l  b lo c k  C 2 ). L ig h t  m ic ro g ra p h  s h o w in g  th e  a p p e a r 

ance  o f th e  n e u ra l r e t in a ,  a f t e r  e x p o s u re  to  l ig h t  in t e n s i t y  1. 

PE: p ig m e n t e p i t h e l ia l  c e l l  d e b r is ;  OS: o u te r  se gm en ts ; IS :

in n e r  segm en ts  ; ON L : o u te r  n u c le a r  la y e r  ; IN L : in n e r  n u c le a r

l a y e r  ( x  2 5 0 ) .
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F ig .  4 .1 3

( L D l . l  b lo c k  C 2 ). L ig h t  m ic ro g ra p h  s h o w in g  th e  a p p e a r 

ance  o f the  p ig m e n t e p ith e l iu m  a n d  c h o r o id ,  a f te r  e x p o s u re  to  

l ig h t  in te n s i t y  1. OS: o u te r  segm ent m a te r ia l ;  PE: p ig m e n t

e p i th e l iu m ;  CC : c h o r io c a p i l la r i s  (x  1 ,0 0 0 ).

Fig .  4.14

( L D l . l  b lo c k  C 2 ). L ig h t  m ic ro g ra p h  s h o w in g  the  a p p e a r 

ance  o f th e  o u te r  n u c le a r  la y e r , a f t e r  e x p o s u re  to  l ig h t  in te n s i t y  

1. IS : in n e r  se gm en ts ; ON L : o u te r  n u c le a r  la y e r  ; A rro w s :

oedem atous  re c e p to r  c e l l  s y n a p s e s  (x  1000).



F ig .  4 .1 5

( L D l . l  b lo c k  C 2 ). L ig h t  m ic ro g ra p h  s h o w in g  th e  a p p e a r 

ance  o f th e  in n e r  r e t in a ,  a f t e r  e x p o s u re  to  l ig h t  in t e n s i t y  1.

ON L : o u te r  n u c le a r  la y e r  ; O PL: o u te r  p le x ifo rm  la y e r ;  A :

a m a c r in e  c e l l ;  M: M u lle r  c e l l ;  H : h o r iz o n ta l c e l l ;  B: b ip o la r

c e l l ;  IP L : in n e r  p le x ifo rm  la y e r  ; G : g a n g lio n  c e l l  (x  1000).

F ig .  4 .1 6

( L D l . l  b lo c k  B l ) .  L ig h t  m ic ro g ra p h  o f the  in n e r  r e t in a ,  

a f t e r  e x p o s u re  to  l ig h t  in t e n s i t y  1. One o f the  m a c ro p h a g e  

l ik e  c e l ls ,  o c c a s io n a lly  p re s e n t on the  in n e r  l im i t in g  m em brane , 

ca n  be seen. A r ro w : m a c ro p h a g e  l ik e  c e l l  ( x 1 ,0 0 0 ).
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F ig .  4 .1 7

( l .D l .4  b lo c k  B 2 ). L ig h t  m ic ro g ra p h  s h o w in g  a re g io n  

o f c h o r o id ,  a f t e r  e x p o s u re  to  l i g h t  in t e n s i t y  1. CC: c h o r io -

c a p i l l a r i s .  A r ro w s : p la te le t s ;  IRC : im p a c te d  re d  c e l ls  (x  1000).
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F ig .  4 .1 8

(L D 5 .2  b lo c k  B 3 ). E le c tro n  m ic ro g ra p h  s h o w in g  th e  

a p p e a ra n c e  o f th e  p ig m e n t e p i th e l iu m  a nd  c h o r io c a p i l la r i s ,  a f te r  

e x p o s u re  to  l i g h t  in t e n s i t y  5 . A few d e g r a n u la t in g  p la te le ts  

a n d  in f la m m a to ry  c e l ls  a re  p re s e n t .  PMN: p o ly m o rp h o n u c le a r

l e u c o c y t e s ;  A r r o w s :  p l a t e l e t s  ( x  6 , 4 0 0 ) .
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F ig .  4 .19

(LD4.4 block B2). Low magnif icat ion electron micro

graph of the r e t i n a , after exposure to l igh t  in ten s i ty  4. PE: 

pigment epithel ium; Arrows: cone inner and outer segments ;

ONL: outer nuclear  la y e r  (x 900).
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F ig .  4 .2 0

(L D 4 .4  b lo c k  B 2 ). E le c tro n  m ic ro g ra p h  s h o w in g  th e  

a p p e a ra n c e  o f a d is r u p te d  p ig m e n t e p i t h e l ia l  c e l l ,  a f t e r  e x p o s u re  

to  l i g h t  in t e n s i t y  4 ( x  2 ,4 0 0 ) .



Fig .  4.21

(LD36 block A2). Electron micrograph showing the a p p ea r 

ance of the outer r e t i n a , af ter  exposure to l igh t  in ten s i ty  3. 

PE: pigment epithel ium; Arrows : cone inner segments; ONL:

o u t e r  n u c l e a r  l a y e r  ( x  1 , 0 0 0 ) .
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Fig.  4.22

(LD3.3 block A2). Electron m ic rograph  showing the

appearance of the pigment e p i the l iu m ,  a f te r  exposure to l i g h t

in te n s i t y  3- N : nuc leus; Mt: mitochondr ion  ; SEK: smooth

endoplasmic re t i cu lu m ;  131: basal in fo ld in g s  (x 7,000).



Fig .  4.23 a and b

(both bD3.3 block C2) Electron m ic rographs showing

the v a r i a b i l i t y  in the appearance of the pigment ep i the l ium ,

a f te r  exposure to l igh t  in te n s i ty  3- Ph: phagosomes; N : nucleus

Ev; e lec t ron- lucen t  ves ic les; Mt: mi tochondrion ; B l :  basal

i n  f o l d i n g s  ( b o t h  x 3 , 6 0 0 ) .
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F ig .  4.24

( LD 3.3 block A 1 ) . Electron m ic rog raph  showing the 

appearance of the inne r  re t i n a ,  a f te r  exposure to l i g h t  i n t e n s i t y  

3. Some of the M u l le r  ce l ls  are densely sta ined demonstra t ing  

th e i r  ex tens ive cy top lasm. Me: M u l le r  ce l l  cy top lasm (x 1600).
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Fig. 4.25

(LD3.2 block B3) Electron micrograph of the outer ret ina

and choroid,  after exposure to l ight  intens i ty  3. ONL: outer

nuclear  layer;  IS: inner segments;  0  5: outer segments;  PE:

pigment epi thel ium; Ma: macrophage;  PMN: polymorphonuclear

leucocyte (x  1 ,4 5 0 ) .
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F ig . 4.26 a and b

(a .  LD24 block B4. b. LD21 b lock A3). E lectron m ic ro

g ra p h s  showing the v a r i a b i l i t y  in  the appearance of the pigment 

e p i th e l iu m ,  a f te r  exposure to l i g h t  i n t e n s i t y  2. N: nuc leus ;

Mt: m i tochondr ion  ; Ld: l i p i d  d rop le t  ; B l :  basal in fo ld in g s

( b o t h  X  6 , 0 0 0 ) .
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Fig.  4.27

(LD2.1 block A3). Electron micrograph showing the 

appearance of the neura l  r e t in a ,  a f te r  exposure to l ig h t  in te ns i ty  

2. OS: outer segment m a te r ia l ;  CIS: cone inner  segrru'nt ;

IS: inne r  segments; Arrows:  py knot ic receptor cell  nuc le i ;

Me:  M u l l e r  c e l l  c y t o p l a s m ;  I N L :  i n n e r  n u c l e a r  l a v e r  ' x l . i H H ) i .
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F ig . 4.28

(LD2.1 block A3). Electron m icrograph  showing the 

appearance of the outer  p lex i fo rm  la y e r ,  a f te r  exposure to l igh t  

i n te n s i t y  2. Cp: cone ped ic le ;  Rs: rod spherule (x 10, SOU i .
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F ig . 4.29

(LD2.4 b lock B4). Electron m ic rograph showing the 

appearance of a g a ng l io n  c e l l ,  a f te r  exposure to l i g h t  i n te n s i ty  

2. N : nuc leus; Arrows: d is tended mitochondr ia  ; REk: rough

endoplasmic re t icu lum ;  NEB: nerve f ib re  bund le ; Me: Mü l le r

c e l l  c y t o p l a s m ;  I P L :  i n n e r  p l e x i f o r m  l a y e r  ( x  3 , 3 0 0 ; .



F ig . 4.30

(LD2.1 block A3). Elect ron m ic rograph  showing the 

presence of d e g ra n u la t i n g  p la te le ts  in the c h o r io c a p i l l a r i s ,  a f te r  

exposure to l i g h t  i n te n s i t y  2. Arrows: p la te le ts ;  PE: pigment

e p i th e l iu m ;  CC : c h o r io c a p i l l a r i s  (x 1,700).
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F ig .  4 .31

(LDl.l  block C2). Electron m ic rograph  showing the 

appearance of the cho ro id ,  a f te r  exposure to l i g h t  in te n s i t y

1. There are d e g ra n u la t i n g  p la te le ts  in the cho r iocap i  1 l a r i s  and

deeper vessels. Blood borne in f lam m ato ry  ce l ls  are ev ident 

in the la rge  vessel.  PE: pigment ep i the l ium  ; BM: B ruch 's

membrane; Arrows: p la te le ts  ; PMN: po lymorphonuc lear  leucocvtes;

Mo:  m o n o c y t e s ;  L :  p o s s i b l y  a l y m p h o c y t e  ( x  2 , 1 0 0 ) .
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Fig. 4.32

(LD 1.1 block C2).  Electron micrograph showing the 

appearance  of the outer ret ina and chor i ocap i l l ar i s ,  after e xpos 

ure to l ight  intens i ty  1. IS: inner segments; OS: outer segments;  

AS: apica l  surface  of the pigment epithel ium; N: pigment epi thel ium

nucleus;  V: vacuoles  of f locculate  material ;  BM: Bruch’s mem

brane;  CC : chor i ocap i l l ar i s  (x 1,800) .
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Fig. 4.33

(LDl.l block C2).  Electron micrograph showing the 

appearance  of the apica l  surface  of the pigment epi thel ium,  

after exposure to l ight  i nt ens i t y  1. Ap: apica l  processes;

OS: outer segment material ;  Mg: melanin granule  ( x 11,000).
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F ig .  4.34

(L D l. l b lo c k  C 2 ). E le c tro n  m ic ro g ra p h  s h o w in g  th e  

a p p e a ra n c e  o f th e  p h o to re c e p to r  d e b r is  in  th e  s u b r e t ln a l  s p a c e , 

a f t e r  e x p o s u re  to  l i g h t  in t e n s i t y  1. OS: o u te r  segm ent m a te r ia l ;

IS : in n e r  segm ent ; M t: m ito c h o n d r ia  (x  5 ,1 0 0 ) .
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F ig .  4 .3 5

(LDl.l block C2).  Electron micrograph showing the

appearance  of the receptor c e l l s ,  after exposure to l ight  intens i ty  

1. OS: outer segment material ;  IS: inner segments;  ONL:

o u t e r  n u c l e a r  l a y e r ;  A r r o w s :  p y k n o t i c  n u c l e i ;  Rs:  r o d  s p h e r u l e  ;

C p :  cone  p e d i c l e  ( x  1 , 1 0 0 ) .
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F ig .  4 .3 6

( L D l . l  block C2). Electron m icrograph showing the 

appearance of the inn e r  nuc lea r  l a y e r ,  a f te r  exposure to l ig h t  

in te n s i t y  1. OPL: oute r  p lex i fo rm  la y e r ;  II : ho r izon ta l  ce l l ;

B: b ip o la r  c e l l ;  Mn: Mul le r  ce l l  nucleus;  A: amacrin** ce l l ;

I P L :  i n n e r  p l e x i f o r m  l a y e r  ( x  4 , 9 0 0 ) .
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Fig. 4.37

(LDl . l  block C2).  Electron micrograph showing the 

appearance  of the inner re t ina ,  after exposure  to l ight  intens i ty

1. The Muller cel l  cytoplasm contains  numerous e lectron- lucent

v e s i c l e s ,  and small  e l ec tron-dense  g ranul e s .  Me: Muller cel l

cytoplasm; Ev: e l ectron- lucent  ve s i c l e s ;  Arrows: CiCctron dense

granul e s ;  G : gang l i on  cel l ;  IPL: inner p lex i form layer  ' x

3 , 700).
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F ig .  4 .3 8

( LDl . l  block C2). Higher  magni l  icat ion e lect ron m icro 

g ra p h  of the M u l le r  ce l l  cy top lasm shown in f ig u re  4.37- 

e lec t ron-dense g ra n u le s ;  Lv: e lec t ron - lucen t  vesic le s , p^^ssiblv

d is tended tubu les  of smooth endoplasmic re t icu lum  'x  t'U, ddt'i ,



F ig .  4 .3 9

( L D l . l  block C2) . E lect ron m ic rog raph  showing the

appearance of the c h o r io c a p i l l a r i s  and ch o ro id a l  stroma, a l t e r  

exposure to l i g h t  i n t e n s i t y  1. CC: cho r iocap i  1 l a r i s ;  Kc :

endo the l ia l  c e l l ;  Arrows: endo the l ia l  ce l l  b leps; F: f ih ro h l . i s t

( x  3 , 8 0 0 ) .



QUALITATIVE ASSESSMENT OF “ WORST CASE" DAMAGE 

TO VARIOUS RETINAL COMPONENTS
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F ig .  4 .4 0

T a b le  g iv in g  a q u a l i t a t iv e  assessm ent o f th e  w o rs t 

dam age seen w i t h in  a n y  g ro u p .
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Fig. 4.41

Electron micrograph showing the area def ined as  the  

outer nuclear  l a y er  for the purposes  of quant i f i ca t i on .
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F ig u re  s h o w in g  th e  re s u lts  o b ta in e d ,  b y  th e  p o in t  c o u n t in g  

m e thod , w i t h in  th e  c o n t ro l t is s u e .
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F ig .  4 .43

F ig u re  s h o w in g  th e  e x p e r im e n ta l r e s u lts  fo r  the  th re e  

fe a tu re s  assessed  w i t h in  th e  o u te r  n u c le a r  la y e r .  The p e rc e n t

age  o f p o in ts  la n d in g  on each  fe a tu re  o f in te r e s t ,  in  each  a n im a l,  

a re  p lo t te d  a g a in s t  th e  e s tim a te d  r e t in a l  i l l u m in a t io n .  The

c o n tro l re s u lts  a re  show n on th e  y a x is .
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F ig .  4 .44

G ra p h  o f the  F r a t io s  o f th e  a n im a l re s u lts  fo r  re c e p to r  

c e l l  n u c le i p lo t te d  a g a in s t  e s tim a te d  r e t in a l  i l l u m in a t io n .  The 

l in e  f i t t e d  b y  l in e a r  le a s t  s q u a re  re g re s s io n  is  n o t s ig n i f ic a n t  

a t th e  5% le v e l .
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F ig .  4 .45

G ra p h  o f the  F r a t io s  o f th e  a n im a l re s u lts  fo r  re c e p to r , 

c e l l  c y to p la s m  p lo t te d  a g a in s t  e s tim a te d  r e t in a l  i l l u m in a t io n .  

The l in e  f i t t e d  b y  l in e a r  le a s t  s q u a re  re g re s s io n  is  s ig n i f ic a n t  

(005 > P >  O'Ol) .
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G ra p h  o f th e  F r a t io s  o f th e  a n im a l r e s u lts  fo r  M u lle r  ' 

c e l l  c y to p la s m  p lo t te d  a g a in s t  e s tim a te d  r e t in a l  i l l u m in a t io n .  

The l in e  f i t t e d  b y  l in e a r  le a s t  s q u a re  re g re s s io n  is  n o t s ig n i f ic a n t  

a t th e  5% le v e l.
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F ig .  4 .47

F ig u re  s h o w in g  th e  e x p e r im e n ta l r e s u lts  f o r  th e  th re e  

fe a tu re s  assessed  w i t h in  th e  o u te r  n u c le a r  la y e r .  The p e rc e n ta g e  

o f p o in ts  la n d in g  on each  fe a tu re  o f in te r e s t ,  in  each  g ro u p  

( a l l  the  a n im a ls  a t one in t e n s i t y ) ,  a re  p lo t te d  a g a in s t  th e  e s tim a te d  

r e t in a l  i l l u m in a t io n .  The c o n t ro l r e s u lts  a re  show n on th e  y  

a x is .  E x p e r im e n ta l re s u lts  s ig n i f ic a n t ly  d i f fe r e n t  (P < 0 .0 5 ) fro m  

the  c o n t ro l r e s u lts ,  u s in g  th e  S tu d e n t t te s t ,  a re  c i r c le d .
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G ra p h s  o f th e  F r a t io s  o f the  g ro u p  r e s u lts  fo r  re c e p to r  

c e l l  n u c le i ,  re c e p to r  c e l l  c y to p la s m  a n d  M u lle r  c e l l  c y to p la s m  

p lo t te d  a g a in s t  th e  e s tim a te d  r e t in a l  I l lu m in a t io n .  The s t r a ig h t  

l in e s  f i t t e d  b y  l in e a r  le a s t  s q u a re  re g re s s io n ,  to  th e  r e s u lts  

fo r  re c e p to r  c e l l  n u c le i a n d  re c e p to r  c e l l  c y to p la s m  a re  s ig n i f ic a n t  

a t the  5% le v e l .

R ecep to r c e l l  n u c le i 0'(?5>P>0-^1, R e ce p to r c e l l  c y to p la s m  ^ < 0 .0 0 1 .



C H A PT E R  5

RECOVERY OF THE R ABBIT RETINA AND CHOROID 

FOLLOWING LIG H T DAMAGE

8 4



5.1 Introduction

T h is  c h a p te r  d e s c r ib e s , b y  l i g h t  a n d  e le c tro n  m ic ro s c o p y , 

th e  a p p e a ra n c e  o f th e  r e t in a  a n d  c h o ro id  fo l lo w in g  one h o u r

e x p o s u re s  to  l i g h t .  The r e t in a l  a n d  c h o r o id a l t is s u e s  w ere  

e x a m in e d  a t v a r io u s  tim e  in t e r v a ls ,  up  to  4 w e e ks , a f te r  th e

e x p e r im e n ta l e x p o s u re .

The p re v io u s  c h a p te r  d e s c r ib e d  th e  e ffe c ts ,  on th e  

r e t in a  a n d  c h o ro id ,  o f  one h o u r  e x p o su re s  to  v a r io u s  in te n s it ie s  

o f w h ite  l i g h t .  The tw o  h ig h e s t  l i g h t  in te n s it ie s  w e re  s e le c te d  

fo r  f u r t h e r  in v e s t ig a t io n  as th e y  w e re  a lr e a d y  k n o w n  to  cause  

e x te n s iv e  dam age to  th e  p h o to re c e p to rs  a n d  th e  p ig m e n t e p ith e liu m .

The a im  o f t h is  in v e s t ig a t io n  w as to  s tu d y  th e  a p p e a ra n c e  

o f th e  r e t in a  a n d  c h o ro id ,  a t  v a r io u s  tim e s  a f te r  th e  p h o t ic

in s u l t ,  to  d e te rm in e  th e  fa te  o f th e  c e l lu la r  d e b r is ,  a n d  th e  

d eg re e  o f re c o v e ry  o r  r e p a ir  w h ic h  to o k  p la c e . The m a te r ia ls

a n d  m ethods a re  d e s c r ib e d  in  C h a p te r  2, S ec tion  4. The d e ta i ls  

fo r  each  a n im a l a re  g iv e n  in  A p p e n d ix  1.

T w e n ty  e ig h t  a n im a ls  w e re  u se d . F o u rte e n  a n im a ls  

w e re  exposed  to  each  l i g h t  in t e n s i t y  fo r  one h o u r .  The e s tim a te d
_2

r e t in a l  i l lu m in a t io n  in  th e  lo w e r  in te n s i t y  g ro u p  w as 38.6mWcm 
_2

a n d  84 .4  mWcm in  th e  h ig h e r  in te n s i t y  g ro u p . T h ey  w ere  a l lo w e d

to  re c o v e r  fo r  p e r io d s  o f 6 h o u rs ,  24 h o u rs , 4 d a y s , 1 w eek ,

2 w eeks o r  4 w e e ks . A f te r  th e  a p p ro p r ia te  re c o v e ry  p e r io d  

th e  a n im a ls  w e re  k i l l e d .  R e t in a l a nd  c h o r o id a l t is s u e s  w ere  

th e n  ta k e n  a n d  e x a m in e d  b y  l i g h t  a n d  e le c tro n  m ic ro s c o p y ,

5.2 Recovery of the Rabbit Retina and Choroid Following

Light Damage; Light Microscopy;______ Low____ Intensity____ Group.

As in  th e  p re v io u s  c h a p te r  c o n s id e ra b le  v a r ia t io n  w as 

seen be tw een  th e  t is s u e  b lo c k s  e x a m in e d . In  some o f th e  a n im a ls  

in  th e  lo w e r  in t e n s i t y  g ro u p  (a n im a ls  2 /2 4 h /2 , 2 /4 8 h / l ,  2 /4 8 h /2 , 

2/2W /1 a n d  2 /4 W /1 ) i t  w as p o s s ib le  to  d e te rm in e  w h ic h  b lo c k s
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w e re  ta k e n  fro m  dam aged  re g io n s .  D am aged a re a s  show ed a 

w h it is h  d is c o lo u ra t io n  o f th e  r e t in a .  These w e re  o fte n  s u rro u n d e d  

b y  a re a s  o f i r r e g u la r  p ig m e n ta t io n .  A f te r  th e  lo n g e r  re c o v e ry  

p e r io d s  d e p re s s io n s  w e re  o fte n  n o te d  in  th e  in n e r  s u r fa c e  o f 

th e  r e t in a .  On e x a m in a t io n  b y  l i g h t  m ic ro s c o p y  th e se  re g io n s  

w e re  fo u n d  to  be a re a s  w h ic h  h a d  s u ffe re d  a p ro n o u n c e d  lo ss  

o f r e t in a l  co m p on e n ts . F ig u re s  5 .1 ,  5 .2 ,  5 .3  a n d  5 .4  show

th e  r e la t io n  o f dam aged  a re a s  to  th e  p o s it io n  o f th e  b lo c k s  ta k e n .

In  th e  d e s c r ip t io n  o f th e  r e t in a l  a n d  c h o r o id a l t is s u e s

b y  l i g h t  m ic ro s c o p y  th e  lo w e r  in t e n s i t y  g ro u p  (e s t im a te d  r e t in a l

—2i l lu m in a t io n  38.6mWcm ) w i l l  be d e s c r ib e d  f i r s t .

5 -2 .1  G roup  2 ; 6 H o u rs  R e co ve ry  (2 a n im a ls ) .

No le s io n  o f th e  r e t in a  w as seen in  e i th e r  a n im a l d u r in g  

d is s e c t io n .  E ig h t  b lo c k s  fro m  a n im a l 2 / 6 h / l  w e re  e xa m in e d  

b y  l i g h t  m ic ro s c o p y . These w ere  A2, A4, B3, C l,  C2, C4, D3

a n d  D 4. T h re e  o f th e se  b lo c k s  A2, B3 a n d  C l w e re  o f n o rm a l 

a p p e a ra n c e . B lo cks  A4, C 2 , C4, D3 a n d  D4 w ere  o f a ty p ic a l

a p p e a ra n c e  as th e y  show ed a lte r a t io n s  o f th e  o u te r  r e t in a  a nd  

in  tw o  ca se s , D3 a n d  D4, s l ig h t  a b n o rm a lit ie s  in  th e  a p p e a ra n c e  

o f th e  in n e r  r e t in a .  The n u c le i o f th e  p ig m e n t e p ith e liu m  w ere  

u n u s u a l ly  ro u n d e d  a n d  th e  b a s a l c y to p la s m  o f th e  c e lls  c o n ta in e d  

num erous  u n s ta in e d  v e s ic le s ,  w h ic h  w ere  p ro b a b ly  s w o lle n  m ito 

c h o n d r ia  ( F ig .  5 .5  a n d  5 . 6 ) .  In  th e  dam aged  t is s u e  th e  p h o to 

re c e p to r  o u te r  segm ents w e re  d is o rd e re d  a n d  i r r e g u la r  in  a p p e a r

a n ce . The p h o to re c e p to r  n u c le i w ere  o f n o rm a l a p p e a ra n c e .

The re c e p to r  c e l l  c y to p la s m  in  th e  o u te r  n u c le a r  la y e r  a n d  th e  

re c e p to r  c e l l  s y n a p t ic  re g io n s  d id  a p p e a r  to  be m ore l i g h t l y  

s ta in e d  th a n  n o rm a l.  O c c a s io n a lly ,  some o f th e  c e lls  o f th e

in n e r  n u c le a r  la y e r  w e re  a ls o  u n u s u a l ly  l i g h t  in  t h e i r  s ta in in g .  

C e lls  w ith  th is  l i g h t l y  s ta in e d  c y to p la s m  w ere  id e n t i f ie d  as 

h o r iz o n ta l c e lls  o r ,  le s s  o fte n ,  as a m a c r in e  c e lls  ( F ig .  5 . 5 ) .
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In  g e n e ra l,  th e  a p p e a ra n c e  o f th e  c h o ro id  w as  u n re m a rk 

a b le .  B lo cks  D3 a n d  D4 (a n im a l 2 / 6 h / l )  w ere  e x c e p tio n s  h o w e v e r. 

These b lo c k s  show ed th e  m ost e x te n s iv e  r e t in a l  dam age seen 

in  th is  g ro u p . The c h o r io c a p i l la r is  a n d  th e  d e e p e r v e sse ls  

o f th e  c h o ro id ,  a d ja c e n t to  th e  dam aged  r e t in a ,  a p p e a re d  to  

be co n g e s te d  w ith  re d  b lo o d  c e lls  ( F ig .  5 .6 ) .

5 .2 .2  G roup  2 ; 24 H ou rs  R e co ve ry  (2 a n im a ls . ) .

On d is s e c t io n  o f th e  r e t in a l  a n d  c h o r o id a l t is s u e s  o f 

a n im a l 2 /2 4 h /2 ,  a f a in t  w h ite  m o tt le d  a p p e a ra n c e  w as seen in  

ro w  A ( F ig .  5 .1 ) .  No a b n o rm a lit ie s  o f th is  t is s u e  w e re  d e te c te d  

b y  l i g h t  m ic ro s c o p y . The l i g h t  exposed  r e t in a  o f a n im a l 2 /2 4 h / l  

a p p e a re d  n o rm a l a n d  a tta c h e d  d u r in g  d is s e c t io n .  H o w e ve r, a l l  

th e  b lo c k s  e xa m in e d  fro m  a n im a l 2 /2 4 h / l  show ed some a b n o rm a lit ie s  

o f th e  re c e p to r  c e lls  a n d  p ig m e n t e p ith e l iu m .  B lo cks  A 1 , B l ,  

a n d  D1 a l l  show ed s im i la r  c h a n g e s . The p ig m e n t e p ith e liu m  

a p p e a re d  s w o lle n  a n d  h a d  l i g h t l y  s ta in e d  c y to p la s m . The c y to 

p la s m  c o n ta in e d  num erous  s m a ll v e s ic le s  w h ic h  w e re  p ro b a b ly  

d is te n d e d  m ito c h o n d r ia .  The n u c le i  o f these  p ig m e n t e p i t h e l ia l  

c e lls  w e re  ro u n d e d  a n d  show ed m a rg in a l c h ro m a tin  s ta in in g .  

T h ey  f r e q u e n t ly  c o n ta in e d  a p ro m in e n t n u c le o lu s .  The re c e p to r  

c e l l  o u te r  segm ents show ed s l ig h t  d is o rg a n is a t io n  ( F ig .  5 .7 ) .  

The m a jo r i t y  o f th e  re c e p to r  c e l l  n u c le i w e re  u s u a l ly  n o rm a l 

in  a p p e a ra n c e  a lth o u g h  p y k n o t ic  n u c le i w ere  id e n t i f ie d .  The 

re m a in d e r  o f th e  r e t in a l  a n d  c h o r o id a l t is s u e s  w e re  o f n o rm a l 

a p p e a ra n c e .

A s l ig h t l y  d i f fe r e n t  p a t te r n  o f dam age w as seen in  

th e  re g io n  o f th e  v is u a l  s t re a k  in  b lo c k  C l.  The p ig m e n t 

e p ith e liu m  w as o f  tw o  d is t in c t  a p p e a ra n c e s . In  some in s ta n c e s  

in t r a c e l l u la r  s w e ll in g  w as s e v e re , le a v in g  ro u n d e d  n u c le i v is ib le  

w i t h in  c le a r  c y to p la s m  ( F ig .  5 .8 ) .  In  o th e rs ,  even  in  a d ja c e n t
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c e l ls ,  th e re  w as lo ss  o f c e l l  vo lu m e  a n d  a m a rk e d  in c re a s e  

in  th e  d e n s ity  o f s ta in in g .  C e lls  w ith  these  a p p e a ra n c e s  h a v e

a lre a d y  been d e s c r ib e d  in  C h a p te r  4 (see f ig u r e s  4 .2 ,  4 .8 ,  4 .2 0 , 

4 .2 3  a n d  4 .2 6 ) .  The re c e p to r  c e lls  w e re  v i r t u a l l y  n o rm a l th ro u g h 

o u t t h e i r  le n g th ,  a lth o u g h  th e re  m ay h a v e  been s l ig h t  d is tu rb a n c e s  

o f th e  o u te r  segm en ts . Some o f th e  c e l ls  o f th e  in n e r  n u c le a r  

la y e r  h a d  s w o lle n  a n d  p a le  s ta in in g  c y to p la s m . W hat w ere  

th o u g h t  to  be p rocesses  fro m  the se  c e lls  c o u ld  be seen in  th e  

in n e r  p le x ifo rm  la y e r  ( F ig .  5 .8 ) .  These c e l ls  w e re  th o u g h t  

to  be a m a c r in e  c e l ls .  The re m a in d e r  o f th e  r e t in a  a n d  th e  

c h o ro id  w as o f n o rm a l a p p e a ra n c e .

The o n ly  a b n o rm a l b lo c k  fo u n d  in  a n im a l 2 /2 4 h /2 ,  b lo c k  

B2, w as o f s im i la r  a p p e a ra n c e  to  b lo c k s  A l ,  B l a n d  C l fro m  

a n im a l 2 /2 4 h / l .

5 .2 .3  G roup  2 ; 48 H ou rs  R e co ve ry  (2 a n im a ls ) .

I n  b o th  a n im a ls  s l ig h t  a b n o rm a lit ie s  in  th e  a p p e a ra n c e  

o f th e  r e t in a  in  th e  e x p e r im e n ta l eyes w e re  n o te d  d u r in g  d is s e c t io n .  

In  a n im a l 2 /4 8 h / l  a s m a ll r e t in a l  fo ld  w as p re s e n t in  th e  a re a  

o f b lo c k  A2. I n  a n im a l 2 /4 8 h /2  a s l ig h t  p ig m e n ta ry  d is tu rb a n c e  

w as seen in  co lu m n  1 ( F ig .  5 .1 )  b lo c k s  A , B, C a n d  D.

The o n ly  b lo c k s  e x a m in e d , w h ic h  e x h ib ite d  u n u s u a l 

fe a tu re s ,  w e re  b lo c k s  A2 ( fro m  b o th  a n im a ls ) ,  b lo c k  C2 fro m  

a n im a l 2 /4 8 h / l  a n d  B3 fro m  a n im a l 2 /4 8 h /2  ( F ig .  5 .1 ) .  B lo cks  

C2 a n d  B3 w e re  s im i la r  in  a p p e a ra n c e  to  b lo c k s  A l ,  B l a nd  

C l fro m  a n im a l 2 /2 4 h / l  (d e s c r ib e d  in  th e  p re v io u s  s u b -s e c t io n ) .

A l l  these  b lo c k s  show ed s l ig h t  d is tu rb a n c e s  o f th e  re c e p to r  c e l l  

o u te r  segm ents a n d  c e l lu la r  s w e ll in g  o f th e  p ig m e n t e p ith e l iu m .

The m ost n o te w o r th y  fe a tu re  o f th is  g ro u p  w as th e  p re sen ce  

o f m a c ro p h a g e - l ik e  c e l ls  in  th e  in te rp h o to re c e p to r  sp a ce . These 

w ere  e n c o u n te re d  in  b o th  a n im a ls ,  b lo c k  A2 in  each  case ( F ig .

8 8



5 .9 ) .  The in n e r  r e t in a  in  th e se  re g io n s  w as n o rm a l in  a p p e a ra n c e . 

A b n o rm a lit ie s  w e re  l im ite d  to  s l ig h t  d is tu rb a n c e s  o f th e  p h o to 

re c e p to r  o u te r  segm ents a n d  th e  p ig m e n t e p ith e liu m .  The la t t e r

w e re  s h ru n k e n  a n d  d e n s e ly  s ta in e d , s im i la r  to  t h a t  d e s c r ib e d  

fo r  b lo c k  C l a n im a l 2 /2 4 h / l .  I n  a d d it io n  to  th e  m a c ro p h a g e 

l ik e  c e lls  seen in  th e  in te rp h o to re c e p to r  sp ace , s m a ll m o n o n u c le a r 

c e lls  c o u ld  be id e n t i f ie d  w i t h in  th e  s t r u c tu re  o f B ru c h 's  m em brane 

( F ig .  5 .9 ) .  T h e ir  lo c a t io n  w i t h in  B ru c h 's  m em brane w as n o t 

show n c o n c lu s iv e ly  b y  l i g h t  m ic ro s c o p y  b u t  w as la t e r  c o n firm e d  

b y  e le c tro n  m ic ro s c o p y .

5 . 2,4 Group 2; 4 Days Recovery (2 anim als).

No a b n o rm a lity  o f r e t in a l  s t r u c tu re  w as d e te c te d  d u r in g  

d is s e c t io n  in  e i th e r  a n im a l.  By l i g h t  m ic ro s c o p y , th e  in n e r

la y e rs  o f th e  r e t in a  a p p e a re d  n o rm a l in  a l l  b lo c k s  e x a m in e d .

The p h o to re c e p to r  c e l ls  w e re  a ls o  o f n o rm a l a p p e a ra n c e  a lth o u g h  

s l ig h t  f o ld in g  o f th e  o u te r  n u c le a r  la y e r  w as p re s e n t in  some 

b lo c k s .  T h is  ty p e  o f a p p e a ra n c e  w as e n c o u n te re d  in  b lo c k s

C4 a n d  D2 in  a n im a l 2 /4 D /1 . B en e a th  these  a re a s  o f r e t in a l

fo ld in g  th e  p ig m e n t e p ith e liu m  w as h ig h ly  i r r e g u la r  in  a p p e a ra n c e

(F ig s .  5 .1 0  a n d  5 .1 1 ) .  The i r r e g u la r  p ig m e n t e p ith e liu m  show ed 

a v a r ie t y  o f a p p e a ra n c e s . Some c e lls  h a d  s l i g h t l y  ro u n d e d  

n u c le i ,  w h ile  o th e rs  a p p e a re d  to  c o n ta in  num erous  phagosom es

( F ig .  5 . 10 ) .  In  o th e r  a re a s  th e  p ig m e n t e p i t h e l ia l  c e lls  c o n ta in e d  

v e s ic le s .  V e ry  o c c a s io n a lly ,  w h a t a p p e a re d  to  be a second 

i r r e g u la r  la y e r  o f p ig m e n t e p i t h e l ia l  c e lls  w as p re s e n t.  I t  

w as n o t c e r ta in  th a t  these  c e l ls  w e re  o f p ig m e n t e p i t h e l ia l  o r ig in ,  

h o w e ve r ( F ig .  5 .1 1 ) .

The c h o ro id  w as o f n o rm a l a p p e a ra n c e  in  b o th  a n im a ls  

in  th is  g ro u p .

89



5 .2 .5  G roup  2 ; 1 Week R e co ve ry  (2  a n im a ls ) .

The re t in a e  o f b o th  a n im a ls  a p p e a re d  to  b e o ^n o rm a l 

a p p e a ra n c e  d u r in g  d is s e c t io n .  L ig h t  m ic ro s c o p y  re v e a le d  o n ly  

m in o r  d is tu rb a n c e s  o f th e  p h o to re c e p to r  c e l l  o u te r  segm en ts . 

H ow eve r, in  one b lo c k  (b lo c k  C2 a n im a l 2 / l W / l ) , v e ry  s m a ll 

le s io n s  o f th e  p ig m e n t e p ith e liu m  w ere  o b s e rv e d . These le s io n s

e x te n d e d  o v e r o n ly  th re e  to  fo u r  p ig m e n t e p i t h e l ia l  c e l ls .  These 

c e lls  w e re  h ig h ly  v e s ic u la te d ,  h a d  ro u n d e d  n u c le i ,  a n d  a p p e a re d  

to  be e x t r u d in g  t h e i r  l i p i d  d ro p le ts  ( F ig .  5 .1 2 ) .  The c h o r io 

c a p i l la r i s  im m e d ia te ly  b e lo w  such  re g io n s  in v a r ia b l y  c o n ta in e d  

im p a c te d  re d  c e l ls  o r  p la te le t  th ro m b i ( F ig .  5 .1 2 ) .

Tne re m a in d e r  o f th e  t is s u e s  e xa m in e d  b y  l i g h t  m ic ro s c o p y  

w ere  o f n o rm a l a p p e a ra n c e .

5 .2 .6  G roup  2 ; 2 Weeks R e co ve ry  (2  a n im a ls ) .

In  one a n im a l,  2 /2 W /2 , th e  r e t in a  a p p e a re d  n o rm a l

d u r in g  d is s e c tio n  a n d  on s u b s e q u e n t in v e s t ig a t io n  b y  l i g h t  m ic ro 

sco p y .

In  th e  o th e r  a n im a l (2 /2 W /1 ) a w h it is h  d is c o lo u ra t io n  

o f th e  r e t in a  w as  seen in  ro w s  C a n d  D ( F ig .  5 .1 ) .  By l i g h t  

m ic ro s c o p y  s e v e ra l a b n o rm a lit ie s  in  r e t in a l  s t r u c tu r e  w ere  seen.

In  b lo c k  A2 th e re  w as a s l ig h t  d e ta ch m e n t o f th e  n e u ra l r e t in a .  

T h is  d e ta ch m e n t w as a s s o c ia te d  w ith  d is tu rb a n c e s  o f th e  p h o to 

re c e p to r  o u te r  segm ents a n d  th e  p ig m e n t e p ith e l iu m .  W hat a p p e a re d  

to  be h y p e r p la s ia  o f p ig m e n t e p ith e liu m  w as n o te d  as s e v e ra l 

la y e r s  o f p ig m e n te d  c e lls  w e re  p re s e n t ( F ig .  5 .1 3  a n d  5 .1 4 ) .

B lo cks  ta k e n  fro m  row s C a nd  D show ed v a r y in g  deg rees

o f a b n o rm a li ty  b e in g  s l ig h t  in  th e  case o f ro w  C a n d  m ore seve re

in  th e  case o f ro w  D. W here these  a b n o rm a lit ie s  w e re  s l ig h t  

( F ig .  5 .1 5 ) th e  p ig m e n t e p ith e liu m  a p p e a re d  n o rm a l.  The p h o to 

re c e p to r  c e lls  show ed some d e g e n e ra t iv e  c h a n g e s . T h e ir  o u te r  

segm ents a p p e a re d  to  be fra g m e n te d  b u t  d id  n o t a p p e a r  as th e  

v e s ic u la r  s t ru c tu re s  m ore t y p ic a l  o f l i g h t  dam aged  o u te r  segm en ts .
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D is te n d e d  cone c e l l  in n e r  segm ents w e re  id e n t i f ia b le  am ong th e

o u te r  segm ent m a te r ia l .  H o w e ve r, th e  in n e r  segm ents o f th e

ro d s  a p p e a re d  n o rm a l.  The n u c le i o f  m any o f th e  re c e p to r  c e l ls ,  

p r o b a b ly  o f b o th  ro d  a n d  cone c e l ls ,  w e re  p y k n o t ic .  M any

o f th e  c e l l  p rocesses  in  th e  o u te r  p le x ifo rm  la y e r  w e re  s w o lle n  

a n d  l i g h t l y  s ta in e d .  These p rocesses  w ere  t e n ta t iv e ly  id e n t i f ie d  

as b e in g  re c e p to r  c e l l  s y n a p t ic  te rm in a ls  a n d  h o r iz o n ta l c e l l  

p ro ce sse s . W ith in  th e  in n e r  n u c le a r  la y e r ,  some o f th e  a m a c rin e  

c e l ls '  n u c le i w e re  s u r ro u n d e d  b y  v e r y  l i g h t l y  s ta in e d  c y to p la s m . 

T h is  p a le  s ta in in g  o f a m a c r in e  c e l l  c y to p la s m  e x te n d e d  to  t h e i r  

p rocesses  in  th e  in n e r  p le x ifo rm  la y e r .  The re m a in d e r  o f th e

r e t in a ,  th e  M u l le r  c e l ls ,  th e  g a n g lio n  c e l ls ,  a n d  p ro b a b ly  th e  

b ip o la r  c e l ls ,  w e re  o f n o rm a l a p p e a ra n c e  ( F ig .  5 .1 5 ) .  As f a r

as c o u ld  be d e te c te d  b y  l i g h t  m ic ro s c o p y  th e  c h o ro id  w as o f 

n o rm a l a p p e a ra n c e .

W here th e  a b n o rm a lit ie s  o f  r e t in a l  s t r u c tu r e  w ere  m ore 

s e v e re , (ro w  D) th e  p ig m e n t e p ith e liu m  s t i l l  a p p e a re d  n o rm a l

b y  l i g h t  m ic ro s c o p y . H o w e ve r, th e  d e g e n e ra t iv e  ch a n g e s  o f 

th e  p h o to re c e p to r  c e lls  w e re  m uch m ore p ro n o u n c e d  th a n  in  ro w  

C. T h e re  w as f ra g m e n ta t io n  o f th e  p h o to re c e p to r  c e l l  o u te r  

segm ents a n d  s w e ll in g  o f t h e i r  in n e r  segm en ts . D is te n d e d  m ito 

c h o n d r ia  w e re  p r o b a b ly  p re s e n t w i t h in  th e  s w o lle n  in n e r  segm en ts . 

W ith in  the  o u te r  n u c le a r  la y e r  v i r t u a l l y  a l l  th e  re c e p to r  c e l l  

n u c le i w e re  p y k n o t ic .  The re c e p to r  c e l l  in n e r  a n d  o u te r  re c e p to r  

f ib r e s  w e re  re d u c e d  to  d a r k ly  s ta in e d  s t ra n d s .  The r e s u l t in g  

space  be tw een  th e  " s h ru n k e n "  re c e p to r  c e lls  w as f i l l e d  w ith

l i g h t l y  s ta in e d  M ü lle r  c e l l  c y to p la s m . W ith  th e  e x c e p t io n  o f 

th e  M ü lle r  c e l ls ,  v i r t u a l l y  a l l  th e  c e lls  o f th e  in n e r  n u c le a r  

la y e r  w e re  s w o lle n  a n d  h a d  l i g h t l y  s ta in e d  c y to p la s m . T h is  

c y to p la s m ic  s w e ll in g  a p p e a re d  to  e x te n d  as f a r  as th e  c e l l  p rocesses  

o f th e  in n e r  p le x ifo rm  la y e r .  H ow eve r, th e  g a n g lio n  c e lls  a nd
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th e  in n e r  re g io n s  o f th e  M u lle r  c e lls  h a d  a n o rm a l a p p e a ra n c e  

( F ig .  5 .1 6 ) .

5 .2 .7  Group 2; 4 weeks Recovery (2 animals)

D u r in g  d is s e c tio n  o f th e  t is s u e  fro m  a n im a l 2 /4W /1  a

s l ig h t  p ig m e n ta ry  d is tu rb a n c e  o f th e  r e t in a  w as n o te d  in  th e  

re g io n  w h ic h  c o rre s p o n d e d  to  b lo c k  A2. T h is  w as n o t seen b y

l i g h t  m ic ro s c o p y . H o w e ve r, on f u r t h e r  e x a m in a t io n  b y  l i g h t

m ic ro s c o p y , t is s u e  fro m  b o th  a n im a ls  show ed a v a r ie t y  o f s t r u c tu r a l  

a b n o r m a li t ie s .

In  a n im a l 2 /4W /1  th e  in n e r  la y e rs  o f th e  r e t in a  a p p e a re d

n o rm a l.  A b n o rm a lit ie s  in  r e t in a l  s t r u c tu re  w e re  c o n f in e d  to  

th e  o u te r  r e t in a .  The re c e p to r  c e lls  o c c a s io n a lly  show ed d is t u r b 

ances o f t h e i r  o u te r  segm ents ( F ig .  5 .1 7 ) .  In  such  re g io n s  

th e  p ig m e n t , :e p ith e l ia l b a s a l c y to p la s m  c o n ta in e d  num erous  c le a r  

v e s ic le s .  In  o th e r  a re a s  th e  d is o rg a n is a t io n  o f th e  p h o to re c e p to r  

c e l l  o u te r  segm ents w as m ore se ve re  a n d  m a n y  o f th e  re c e p to r  

c e l l  n u c le i w e re  p y k n o t ic  ( F ig .  5 .1 8 ) .  In  such  a re a s  th e  v a c u o -  

la t io n  o f th e  p ig m e n t e p i t h e l ia l  b a s a l c y to p la s m  a p p e a re d  to  

be m ore e x te n s iv e ,  a g re a te r  p ro p o r t io n  o f th e  c y to p la s m  b e in g  

in v o lv e d .  The c h o ro id  in  b o th  th e  re g io n s  d e s c r ib e d  above

w as n o rm a l in  a p p e a ra n c e .

The m o rp h o lo g y  o f th e  r e t in a  fro m  a n im a l 2 /4W /2  w as v e ry  

s im i la r  to  th a t  a lr e a d y  d e s c r ib e d  fo r  a n im a l 2 /4 W /1 . D is tu rb a n c e s  

o f th e  o u te r  segm ents a n d  p ig m e n t e p ith e liu m  w e re  common. 

H ow eve r, in  one re g io n  (b lo c k  D2) th e  d e g e n e ra t iv e  ch a n g e s  

o f th e  r e t in a  a p p e a re d  to  be m ore e x te n s iv e  th a n  those  a lr e a d y  

d e s c r ib e d . The n e u ra l r e t in a  w as d e ta c h e d . The re c e p to r  c e l ls '  

o u te r  segm ents w ere  s w o lle n  a n d  h ig h ly  d is o rg a n is e d  a n d  t h e i r  

in n e r  segm ents c o n ta in e d  d is te n d e d  m ito c h o n d r ia .  W ith in  th e
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o u te r  n u c le a r  la y e r  m any o f th e  re c e p to r  c e l l  n u c le i w e re  p y k n o t ic .  

W ith in  th e  in n e r  n u c le a r  la y e r , th e  h o r iz o n ta l a n d  a m a c rin e  

c e lls  h a d  s w o lle n  a n d  l i g h t l y  s ta in e d  c y to p la s m . T h is  c y to p la s m ic  

s w e ll in g  o f th e  a m a c r in e  a n d  h o r iz o n ta l c e lls  w as a ls o  p re s e n t 

in  t h e i r  p rocesses  in  th e  in n e r  p le x ifo rm  la y e r  (a m a c r in e  c e l ls )  

a n d  o u te r  p le x ifo rm  la y e r  ( h o r iz o n ta l  c e l ls )  ( F ig .  5 .1 9 ) .

The r e t in a l  p ig m e n t e p ith e liu m  in  th is  re g io n  w as s l ig h t ly  

a b n o rm a l in  a p p e a ra n c e . T h e re  w ere  m any s m a ll v e s ic le s  in  

th e  b a s a l c y to p la s m . These w ere  th o u g h t to  be s w o lle n  m ito c h o n d r ia .  

The c h o r io c a p i l la r is  a n d  c h o r o id a l ve sse ls  b e lo w  these  re g io n s  

o f p ig m e n t e p ith e liu m  w ere  f r e q u e n t ly  f i l l e d  w ith  im p a c te d  re d  

c e l ls  ( F ig .  5 .2 0 ) .

5.3  Recovery of the Rabbit Retina and Choroid Following
Light Damage; Light Microscopy; High In tensity  Group

A t le a s t  fo u r  b lo c k s  w ere  e xa m in e d  fro m  each  e x p e r im e n ta l

e ye . In  a l l  b u t  one a n im a l (1 /2 W /1 ) these  b lo c k s  w ere  s e le c te d

fro m  a re a s  w h ic h  show ed a b n o rm a l a p p e a ra n c e  d u r in g  d is s e c tio n

(F ig s .  5 .1 ,  5 .2 ,  5 .3  a n d  5 .4 ) .  The e x p e r im e n ta l eyes in  th is

g ro u p  w e re  exposed  to  l i g h t  w h ic h  p ro d u c e d  an e s tim a te d  r e t in a l
_2

i l lu m in a t io n  o f 8 4 .4  mWcm

5 .3 .1  Group 1; High in tensity  (2 anim als).

In  b o th  a n im a ls  le s io n s  o f th e  r e t in a  w e re  seen d u r in g

d is s e c t io n  o f th e  r e t in a l  a n d  c h o r o id a l t is s u e s  ( F ig .  5 .2 ) .  In  

b o th  a n im a ls  t is s u e  b lo c k s  w ere  ta k e n  fro m  w i t h in  th e  c o n fin e s

o f th e  le s io n .  In  a n im a l l / 6 h / l ,  b lo c k s  A2, B2, C2 a n d  D3

a n d  in  a n im a l l / 6 h / 2 ,  b lo c k s  A2, B2, C2 a n d  D4, w e re  s e le c te d .

In  b o th  a n im a ls  c o n s id e ra b le  v a r ia t io n  w as seen in  th e  t is s u e  

e x a m in e d , a lth o u g h  th e  o v e r a l l  p a t te r n  o f dam age w as q u ite

s im i la r  in  b o th  a n im a ls .  The s e v e re ly  dam aged  p ig m e n t e p ith e liu m
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w as s im i la r  in  b o th  a n im a ls .  I t  c o n ta in e d  num erous  & d e n s e ly  .. 

s ta in e d  b o d ie s , w h ic h  w ere  p re s u m a b ly  re c e p to r  c e l l  d e b r is ,  as 

w e l l  as a few  p a le  s ta in e d  v a c u o le s  w h ic h  o c c u p ie d  a la r g e  

p ro p o r t io n  o f th e  c e l ls '  c y to p la s m . C om ple te  v a c u o la t io n  o f 

th e  p ig m e n t e p ith e liu m  w as seen v e r y  r a r e ly  ( F ig .  5 .2 1 ) .

The dam age to  th e  p h o to re c e p to rs  w as e x te n s iv e .  B oth  

th e  in n e r  a n d  o u te r  segm ents w e re  d is r u p te d .  The m a jo r i t y  

o f th e  re c e p to r  c e l l  n u c le i w e re  p y k n o t ic .  The p y k n o t ic  n u c le i 

w e re  s u rro u n d e d  b y  a h a lo  o f s w o lle n  c y to p la s m . O c c a s io n a lly  

th e  oedema o f th e  re c e p to r  c e l l  c y to p la s m  e x te n d e d  as f a r  as 

th e  o u te r  p le x ifo rm  la y e r  ( F ig .  5 .2 1 ) .  S u r p r is in g ly ,  th e  in n e r  

la y e r s  o f th e  r e t in a  a p p e a re d  n o rm a l a p a r t  fro m  v e r y  in f r e q u e n t  

p y k n o t ic  n u c le i in  th e  in n e r  n u c le a r  la y e r .  As f a r  as c o u ld  

be d is c e rn e d  b y  l i g h t  m ic ro s c o p y  th e  c h o ro id  w as o f n o rm a l 

m o rp h o lo g y .

The re m a in d e r  o f th e  r e t in a  e xa m in e d  show ed o n ly  s l ig h t  

d is tu rb a n c e s  o f th e  p ig m e n t e p ith e liu m  a n d  re c e p to r  c e l l  o u te r  

segm ents a p a r t  fro m  one re g io n ,  b lo c k  D4 in  a n im a l l / 5 h / 2 .  

W ith in  t h is  b lo c k  th e  c h o r io c a p i l la r is  a n d  th e  d e e p e r v e sse ls  

o f th e  c h o ro id  w e re  f i l l e d  w ith  im p a c te d  re d  c e lls  ( F ig ,  5 .2 2 ) .  

Im m e d ia te ly  above  t h is  a re a  o f c h o ro id  th e  p ig m e n t e p ith e liu m  

w as d e n s e ly  s ta in e d  a n d  c o n ta in e d  num erous d is te n d e d  m ito c h o n d r ia  

The d e ta c h e d  ( p r o b a b ly  a r t i f a c t u a l )  n e u ra l r e t in a  show ed d is t u r b 

ances o f th e  re c e p to r  c e l l  o u te r  segm en ts . The re m a in d e r  o f 

th e  t is s u e ,  th e  in n e r  re g io n s  o f th e  re c e p to r  c e l ls  a n d  th e  in n e r  

r e t in a ,  w e re  o f n o rm a l a p p e a ra n c e .
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5 .3 .2  Group 1; 24 Hours Recovery (2 animals)

L e s io n s  o f th e  r e t in a  w e re  seen d u r in g  d is s e c t io n  in  

b o th  a n im a ls .  T is s u e  b lo c k s  w e re  s e le c te d  fro m  w i t h in  the se  

a re a s . In  a n im a l l / 2 4 h / l ,  b lo c k s  A l a n d  B2, show ed e x te n s iv e  

dam ag e . The a p p e a ra n c e  o f these  tw o  b lo c k s  w as s im i la r  to  

a l l  th e  t is s u e  e x a m in e d  fro m  a n im a l l / 2 4 h /2 .  In  these  a re a s  

th e  p ig m e n t e p ith e liu m  w as re d u c e d  in  th ic k n e s s  a nd  show ed 

l i t t l e  in t r a c e l l u la r  d e ta i l .  In  some re g io n s  th e  p ig m e n t e p ith e liu m  

w as s e p a ra te d  fro m  B ru c h 's  m em brane b y  a f ib r o u s  m a te r ia l  

( F ig .  5 .2 3 ) .  The re c e p to r  c e l l  in n e r  a n d  o u te r  segm ents w e re

h ig h ly  d is o rg a n is e d .  The s u b r e t in a l  space  w as c o m p le te ly  f i l l e d  

w ith  p h o to re c e p to r  c e l l  in n e r  a n d  o u te r  segm ent d e b r is  ( F ig .  

5 .2 3 ) .  V i r t u a l l y  a l l  o f th e  re c e p to r  c e l ls '  n u c le i w e re  p y k n o t ic  

a n d  w e re  s u rro u n d e d  b y  oedem atous c y to p la s m . The c e lls  o f 

th e  in n e r  n u c le a r  la y e r  show ed v a r io u s  c h a n g e s . Some c e lls

c o n ta in e d  p y k n o t ic  n u c le i w i t h in  s w o lle n  c y to p la s m  w h ile  o th e rs

show ed o n ly  s l ig h t  oedema o f t h e i r  c y to p la s m . Oedema o f c e l l  

p rocesses  w as p re s e n t th ro u g h o u t  th e  in n e r  p le x ifo rm  la y e r .  

The c e l l  ty p e  to  w h ic h  th e y  b e lo n g e d  w as n o t k n o w n . The g a n g lio n  

c e lls  w e re  w e l l  p re s e rv e d . The M u lle r  c e l l  c y to p la s m  

o f th e  in n e rm o s t r e t in a  w as v e r y  l i g h t l y  s ta in e d  a n d  g r e a t ly  

d is te n d e d . H o w e ve r, th e  n e rv e  f ib r e  la y e r ,  a n d  th e  in n e r  l im i t in g  

m em brane , re ta in e d  t h e i r  n o rm a l m o rp h o lo g y  ( F ig .  5 .2 4 ) .

The c h o r io c a p i l la r is  b e lo w  these  e x te n s iv e ly  dam aged  

re g io n s  o f r e t in a  c o n ta in e d  num erous  m o n o n u c le a r c e l ls .  The

d e e p e r v e s s e ls , a nd  th e  re m a in d e r  o f th e  c h o ro id  w e re  o f n o rm a l 

m o rp h o lo g y .
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5 .3 .3  G roup  1; 48 H ou rs  R e co ve ry  (2 a n im a ls )

L e s io n s  o f th e  r e t in a  w ere  v is ib le  d u r in g  d is s e c tio n  

o f th e  t is s u e s  in  b o th  a n im a ls .  In  a n im a l l / 4 8 h / l  a la r g e  a re a  

o f r e t in a  w as dam aged  ( F ig .  5 .2 ) .  By l i g h t  m ic ro s c o p y  i t  

w as seen th a t  th e  r e t in a  a n d  c h o ro id  o f a n im a l l / 4 8 h / l  w e re  

f a r  more s e v e re ly  dam aged  th a n  th e  r e t in a  a n d  c h o ro id  o f a n im a l 

l / 4 8 h /2 .

The t is s u e  b lo c k s  e x a m in e d  fro m  a n im a l l / 4 8 h / l  w e re  

A3, B2, C l a n d  D2. B lo c k  B2, v i r t u a l l y  fro m  th e  c e n tre  o f

th e  le s io n  ( F ig .  5 .2 ) ,  e x h ib i te d  e x tre m e ly  se ve re  dam age to  

th e  r e t in a  a n d  c h o ro id .  The p ig m e n t e p ith e liu m  w as d e n s e ly  

s ta in e d ,  s h ru n k e n , a n d  la c k e d  a n y  in t r a c e l l u la r  d e ta i l .  The 

l i p i d  d ro p le ts  a n d  m e la n in  g ra n u le s  c o u ld  s t i l l  be id e n t i f ie d ,  

h o w e ve r ( F ig .  5 .2 5 ) .  The re c e p to r  c e lls  w e re  s e p a ra te d  fro m

th e  p ig m e n t e p ith e liu m  b y  a la y e r  o f l i g h t l y  s ta in e d  f lo c c u la te  

m a te r ia l  w h ic h  c o n ta in e d  a p p ro x im a te ly  s p e r ic a l ,  d e n s e ly  s ta in e d  

b o d ie s , w h ic h  m ay h a v e  been o u te r  segm ent m a te r ia l .  The re c e p to r  

c e lls  show ed d e g e n e ra t iv e  c h a n g e s  th ro u g h o u t  t h e i r  le n g th .  

The in n e r  a nd  o u te r  segm ents w e re  re d u c e d  to  a la y e r  o f v e s ic u la r  

d e b r is .  A l l  th e  re c e p to r  c e l l  n u c le i w ere  p y k n o t ic .  These p y k n o t ic  

n u c le i w e re  s u r ro u n d e d  b y  e x te n s iv e  M ü lle r  c e l l  c y to p la s m . 

O edem atous c e l ls ,  a n d  c e l ls  w ith  p y k n o t ic  n u c le i ,  w e re  p re s e n t 

th ro u g h o u t  th e  in n e r  r e t in a .  The in n e rm o s t re g io n s  o f th e  M ü lle r  

c e l ls  w e re  so e x te n s iv e ly  s w o lle n  th a t  th e  in n e r  l im i t in g  m em brane 

a n d  th e  n e rv e  f ib r e  la y e r  a p p e a re d  to  be s e p a ra te d  fro m  th e  

re m a in d e r  o f th e  r e t in a  ( F ig .  5 .2 5 ) .  The c h o r io c a p i l la r is  a n d  

some o f th e  d ee p e r c h o r o id a l v e s s e ls  a p p e a re d  to  be c o m p le te ly  

b lo c k e d  w ith  p la te le ts  a n d  im p a c te d  re d  c e l ls .
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B lo cks  A2 a n d  C l,  b o th  fro m  p e r ip h e r a l  re g io n s  o f th e

le s io n  in  a n im a l l / 4 8 h / l ,  w ere  s im i la r  in  a p p e a ra n c e . The

dam age seen in  the se  b lo c k s  w as s im i la r  to  th e  w o rs t dam age 

o b s e rv e d  in  a n im a l l / 4 8 h /2 .  As in  th e  t is s u e s  a lr e a d y  d e s c r ib e d , 

th e  p h o to re c e p to rs  a n d  th e  p ig m e n t e p ith e liu m  w e re  th e  m ost

s e v e re ly  dam aged  r e t in a l  com ponents ( F ig .  5 .2 6 ) .  I n d iv id u a l

p ig m e n t e p i t h e l ia l  c e lls  w e re  c o n s p ic u o u s  due  to  ro u n d in g  o f 

th e  c e l ls '  a p ic a l  c y to p la s m . These c e lls  a p p e a re d  to  h a v e  f in e  

c y to p la s m ic  b r id g e s  e x te n d in g  a c ro ss  a s e p a ra t io n  be tw een  th e m se lve s  

a n d  B ru c h 's  m em brane . The c e l ls '  c y to p la s m  c o n ta in e d  d e n s e ly

s ta in e d  in c lu s io n s  a n d  l i p i d  d ro p le ts  ( F ig .  5 .2 6 ) .  The re c e p to r  

c e l ls '  in n e r  segm ents a p p e a re d  to  be g r e a t ly  re d u c e d  in  le n g th

a n d  t h e i r  c o n n e c tio n  to  a n y  o f th e  o u te r  segm ent m a te r ia l w as

u n c e r ta in .  M ost o f th e  re c e p to r  c e l l  n u c le i w e re  p y k n o t ic ,  a lth o u g h  

some n u c le i o f m ore n o rm a l a p p e a ra n c e  w e re  a ls o  p re s e n t.  Loss 

o f re c e p to r  c e l l  c y to p la s m , a n d  re p la c e m e n t b y  M u lle r  c e l l  c y to p la s m , 

w as common th ro u g h o u t  th e  o u te r  n u c le a r  la y e r .

The c e lls  o f th e  in n e r  r e t in a  w ere  m o s tly  o f n o rm a l

a p p e a ra n c e  a lth o u g h  s l ig h t l y  oedem atous c e lls  c o u ld  be id e n t i f ie d  

w i t h in  th e  in n e r  n u c le a r  la y e r .

The c h o r o id a l v e sse ls  b e lo w  these  le ss  s e v e re ly  dam aged

a re a s  o f r e t in a  d i f fe r e d  m a rk e d ly  fro m  those  d e s c r ib e d  fo r  th e  

m ore s e v e re ly  dam aged  re g io n s .  The d eepe r ve s s e ls  w e re  n o rm a l 

in  a p p e a ra n c e  b u t  th e  c h o r io c a p i l la r is  w as f i l l e d  w ith  m o n o n u c le a r 

c e l ls  ( F ig .  5 . 2 6 ) .

The r e t in a l  a n d  c h o r o id a l t is s u e s  s u r ro u n d in g  th e  le s io n  

in  a n im a l l / 4 8 h / l ,  a n d  th e  re m a in d e r  o f th e  t is s u e  e x a m in e d  

fro m  a n im a l l / 4 8 h /2 ,  w e re  s im i la r  in  a p p e a ra n c e . S l ig h t  

a b n o rm a lit ie s  o f th e  re c e p to r  c e l ls  w e re  p re s e n t.  The re c e p to r  

c e l ls '  n u c le i a n d  c y to p la s m  w e re  u n u s u a l ly  d e n s e ly  s ta in e d .
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T h e re  a p p e a re d  to  be a lo ss  o f o u te r  segm ent m a te r ia l ,  a n d  

c o n s e q u e n tly  m a n y  o f th e  in n e r  segm ents d id  n o t a p p e a r  to  

p ro ce ss  o u te r  segm ents ( F ig .  5 .2 7 ) .  In  a l l  re g io n s  d e s c r ib e d  

th e  in n e r  r e t in a ,  th e  p ig m e n t e p ith e liu m ,  a n d  th e  c h o ro id

a p p e a re d  n o rm a l b y  l i g h t  m ic ro s c o p y .

5 . 3.4 Group 1; 4 Days Recovery (2 anim als).

E x te n s iv e  le s io n s  o f th e  r e t in a  w ere  seen d u r in g  d is s e c tio n  

in  b o th  a n im a ls  ( F ig .  5 .3 ) .  As in  th e  p re v io u s  s e c tio n  th e  

a p p e a ra n c e  o f th e  t is s u e  v a r ie d  w ith  th e  p o s i t io n  fro m  w h ic h  

th e  t is s u e  w as s e le c te d . The a p p e a ra n c e s  o f th e  t is s u e s  c o u ld  

be d iv id e d  in to  tw o  m a in  c a te g o r ie s :  f i r s t l y ,  s e v e re ly  dam aged

a re a s  a n d  s e c o n d ly ,  t r a n s i t i o n a l  a re a s  be tw een  dam aged  a n d  

n o rm a l t is s u e .

The s e v e re ly  dam aged  a re a s  o f r e t in a  a n d  c h o ro id  w e re  

o f d i f f e r in g  a p p e a ra n c e s . A re a s  s im i la r  to  th e  s e v e re ly  dam aged  

a re a s  seen a f te r  48 h o u rs  o f re c o v e ry  w e re  p re s e n t.  These 

a re a s  show ed e x te n s iv e  dam age to  th e  e n t ir e  n e u ra l r e t in a .  

The c h o r io c a p i l la r is  a n d  th e  la r g e r  v e sse ls  o f th e  c h o ro id

w e re  o c c lu d e d  b y  im p a c te d  re d  c e lls  (F ig .  5 .2 8 ) .  In  re g io n s

w h e re  th e  c h o r o id a l c i r c u la t io n  a p p e a re d  to  be p a te n t  mono

n u c le a r  c e lls  w e re  p re s e n t w i t h in  th e  c h o r io c a p i l la r is ,  a n d  

a ls o  th ro u g h o u t  th e  in n e r  la y e rs  o f th e  c h o ro id .  The in n e r

r e t in a  in  these  re g io n s  w as s t i l l  c h a ra c te r is e d  b y  th e  p re se n ce  

o f num erous  d e g e n e ra t iv e  c e l ls .  The o u te r  r e t in a ,  h o w e v e r, 

show ed c o n s id e ra b le  c h a n g e . The s u b r e t in a l  space  w as f i l l e d  

w ith  m a c ro p h a g ic  c e l ls .  These c e lls  c o n ta in e d  a b u n d a n t phagosom es, 

w h ic h  w e re  p re s u m a b ly  f i l l e d  w ith  p h o to re c e p to r  d e b r is  ( F ig .

5 .2 9 ) .
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R eg ions o f g l io t i c  r e t in a  w ere  p re s e n t a d ja c e n t to  th e  

a re a s  o f m a c ro p h a g ic  a c t i v i t y .  In  these, jg l io t i c  re g io n s  th e  m a c ro 

p h a g ic  re m o v a l o f c e l lu la r  d e b r is  a p p e a re d  to  be co m p le te . 

T h e re  w as e x te n s iv e  lo ss  o f re c e p to r  c e l ls .  M u lle r  c e l l  c y to p la s m  

w as e x te n s iv e  w i t h in  th e  o u te r  n u c le a r  la y e r  a n d  a p p e a re d  to  

com pensa te  fo r  th e  lo ss  o f re c e p to r  c e lls  b y  f i l l i n g  th e  spaces 

be tw een  th e  s u r v iv in g  re c e p to r  c e l ls .  M ü lle r  c e l l  n u c le i w ere  

th o u g h t to  be f r e q u e n t ly  o b s e rv e d  in  th e  re m n a n ts  o f th e  o u te r  

n u c le a r  la y e r  ( F ig .  5 .3 0 ) .  W here com p le te  d e s t ru c t io n  o f th e  

p ig m e n t e p ith e liu m  h a d  o c c u r re d  la r g e  p ig m e n te d  c e l ls  w e re  seen 

a bo ve  B ru c h 's  m em brane . In  o th e r  a re a s , p re s u m a b ly  w h e re  

th e  i n i t i a l  dam age h a d  been le ss  se ve re , p ig m e n t e p i t h e l ia l  c e lls  

a n d  re c e p to r  c e lls  w e re  p re s e n t.  In  these  re g io n s  th e  re c e p to r  

c e l ls  la c k e d  b o th  in n e r  a n d  o u te r  segm ents ( F ig .  5 .3 0 ) .

T r a n s i t io n a l  zones be tw een  l i g h t l y  dam aged  a n d  s e v e re ly  

dam aged  r e t in a  w e re  o fte n  s u r p r is in g ly  a b r u p t  ( F ig .  5 .3 1 ) .  

These t r a n s i t io n a l  zones o n ly  e x te n d e d  o v e r a few  h u n d re d  m ic ro n s  

o f r e t in a .  The m o rp h o lo g y  o f these  a re a s  w as h ig h ly  v a r ia b le  

b u t  g e n e ra l ly  th e  re a p p e a ra n c e  o f re c e p to r  c e lls  w as in t im a te ly  

a s s o c ia te d  w ith  th e  p re se n ce  o f v ia b le  p ig m e n t e p ith e l iu m .  The

d e g re e  o f p h o to re c e p to r  c e l l  lo s s  and  lo ss  o f o th e r  r e t in a l  c e lls

w as h ig h ly  v a r ia b le .  T h is  lo ss  o f c e l lu la r  c o n te n t w as u s u a l ly  

com pensa ted  fo r  b y  e x p a n s io n  o f M ü lle r  c e l l  c y to p la s m . T h is  

e x p a n s io n  o f c y to p la s m  in to  th e  o u te r  n u c le a r  la y e r  w as o fte n

a cco m p a n ie d  b y  a m ig ra t io n  o f th e  M ü lle r  c e l l  n u c le u s  in to  th e  

o u te r  n u c le a r  la y e r .  ( F ig .  5 .3 1 )

In  t r a n s i t io n a l  zones th e  a p p e a ra n c e  o f  th e  c h o ro id  w as

a ls o  v a r ia b le .  I t  o fte n  a p p e a re d  n o rm a l b u t  as re g io n s  o f m ore 

e x te n s iv e ly  dam aged  r e t in a  w e re  a p p ro a c h e d  m o n o n u c le a r c e lls  

becam e in c r e a s in g ly  common w i t h in  i t s  b lo o d  v e s s e ls  ( F ig .  5 .3 1 ) .

99



5 .3 .5  G roup  1; 1, 2 a n d  4 Weeks R e co ve ry  (6  a n im a ls )

I t  was th o u g h t p r a c t ic a l  to  d e s c r ib e  th e  a p p e a ra n c e  o f 

th e  t is s u e s  fro m  the se  a n im a ls  to g e th e r  as t h e i r  a p p e a ra n c e  w a s , 

in  m any re s p e c ts , s im i la r .  A l l  o f th e  a n im a ls  in  these  th re e  

re c o v e ry  p e r io d s ,  e x c e p t a n im a l 1 /1 W /2 , h a d  le s io n s  o f t h e i r  

r e t in a e  w h ic h  w e re  o b v io u s  d u r in g  d is s e c tio n  ( F ig .  5 .3  a n d  5 .4 ) .  

T is s u e  e x a m in e d  b y  l i g h t  m ic ro s c o p y  w as se le c te d  fro m  a re a s  

w i t h in  a n d  a ro u n d  th e  v is ib le  le s io n s  in  a l l  th e  a n im a ls  e x c e p t 

l / lW / 2 .  I n  a n im a l l / lW / 2  th e y  w e re  se le c te d  ra n d o m ly  as no 

le s io n  w as v is ib le .

E x te n s iv e ly  dam aged  p h o to re c e p to rs , a n d  a s s o c ia te d  d e b r is  

w i t h in  th e  s u b r e t in a l  sp a ce , w e re  n o t o b s e rv e d  a t a n y  re c o v e ry  

p e r io d  lo n g e r  th a n  fo u r  d a y s .  The a p p e a ra n c e  o f th e  t is s u e s  

fro m  the se  th re e  re c o v e ry  p e r io d s  w as d iv is ib le  in  th re e  c a te g o r ie s .  

1. A re as  o f co m p le te  p h o to re c e p to r ,  a n d  p ig m e n t e p i t h e l ia l  c e l l  

lo s s . 2 . A re a s  o f p a r t i a l  p h o to re c e p to r  lo s s . 3 . A re as  o f p ig m e n t 

e p i t h e l ia l  p r o l i f e r a t io n .

A re as  w h e re  th e re  w as com p le te  lo ss  o f th e  re c e p to r  c e l l  

a n d  p ig m e n t e p i t h e l ia l  c e l ls  w e re  id e n t i f ie d  in  a n im a ls  1 / lW / l ,  

1 /2 W /1 , 1 /2W /2  a n d  1 /4 W /2 . D u r in g  d is s e c tio n  th e se  a re a s  o f

r e t in a  a p p e a re d  to  be o f n o rm a l c o lo u ra t io n ,  b u t  o f re d u c e d  

th ic k n e s s .  L ig h t  m ic ro s c o p y  o f such  re g io n s  re v e a le d  th a t  th e  

in n e r  r e t in a ,  fro m  th e  in n e r  n u c le a r  la y e r  to  th e  in n e r  l im i t in g  

m em brane , w as o n ly  s l i g h t l y  a b n o rm a l in  a p p e a ra n c e  ( F ig .  5 .3 2 ) .  

H o w e ve r, th e  p h o to re c e p to rs  a n d  th e  p ig m e n t e p i t h e l ia l  c e lls  

w e re  c o m p le te ly  a b s e n t. The re c e p to r  c e lls  a n d  p ig m e n t e p i t h e l ia l  

c e lls  w e re  re p la c e d  b y  M u lle r  c e l l  c y to p la s m . W ith in  th is  c y to 

p la s m , w h a t w e re  ta k e n  to  b e , M u lle r  c e l ls '  n u c le i w ere  seen. 

L a rg e  p ig m e n te d  c e l ls  w e re  com m only  seen a d ja c e n t to  B ru c h 's  

m em brane . By l i g h t  m ic ro s c o p y  i t  w as im p o s s ib le  to  d e c id e  

w h e th e r  these  w ere  s u r v iv in g  p ig m e n t e p i t h e l ia l  c e lls  o r  p ig m e n t
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la d e n  macrophages (F ig .  5 .3 3 ) .

T h ere  w e re  o c c a s io n a l th ic k e n in g s  o f B ru c h 's  m em brane 

( F ig .  5 .3 2  a n d  5 .3 3 ) .  In  these  a re a s  th e  c h o r io c a p i l la r is  w as 

a b s e n t, o r  i f  p re s e n t c o n ta in e d  m o n o n u c le a r c e lls  (F ig s .  5 .32  

a n d  5 . 3 3 ) .

In  th e  a re a s  o f p a r t i a l  p h o to re c e p to r  lo ss  th e  s u r v iv a l  

o f some o f th e  p h o to re c e p to rs  a p p e a re d  to  be in t im a te ly  a s s o c ia te d  

w ith  th e  p re sen ce  o f p ig m e n t e p i t h e l ia l  c e l ls .  In  some s e c tio n s  

a few  p h o to re c e p to r  c e lls  e x te n d e d  b eyo n d  th e  edge o f th e  s u r v iv 

in g  p ig m e n t e p ith e l iu m .  T h e ir  in n e r  a n d  o u te r  segm ents w e re , 

h o w e v e r, d ire c te d  to w a rd  th e  s u r v iv in g  p ig m e n t e p i t h e l ia l  c e lls  

( F ig .  5 .3 4 ) .

In  some a re a s  th e re  a p p e a re d  to  be p ig m e n t e p i t h e l ia l  

p r o l i f e r a t io n .  T h is  w as n o t a c e r ta in t y  as i t  w as e x tre m e ly  

d i f f i c u l t  to  d is t in g u is h  be tw een  p ig m e n t la d e n  m a c ro p h a g e s  a n d

a ty p ic a l  p ig m e n t e p i t h e l ia l  c e l ls .  An a re a  w h ic h  w as th o u g h t  

to  show p ig m e n t e p i t h e l ia l  p r o l i f e r a t io n  is  show n in  F ig u re  5 .3 5 . 

Such a re a s  w e re  o fte n  a s s o c ia te d  w ith  fo ld in g  o r  d e ta ch m e n t

o f th e  n e u ra l r e t in a .  These p r o l i f e r a te d  p ig m e n t e p i t h e l ia l  c e lls  

w e re  q u ite  d i f fe r e n t  fro m  th e  c e l ls  w h ic h  w ere  th o u g h t to  be 

p ig m e n t la d e n  m a c ro p h a g e s . These m a cro p ha g es  o c c u r re d  th ro u g h 

o u t th e  o u te r  r e t in a  o f th e  la t e r  re c o v e ry  p e r io d s  ( F ig ,  5 .3 6 : 

one w eek re c o v e ry ,  a n d  F ig .  5 .3 7 : fo u r  w eeks re c o v e r y ) .  The

p r o l i f e r a te d  p ig m e n t e p i t h e l ia l  c e lls  w e re  s p in d le  sh ap e d  a n d  

c o n ta in e d  o n ly  m o d e ra te  q u a n t i t ie s  o f m e la n in  ( F ig .  5 .3 5 ) .  The

p ig m e n t la d e n  m a c ro p h a g e s  w ere  c o n s id e ra b ly  la r g e r  a n d  u s u a l ly  

c o n ta in e d  m a ss ive  am oun ts  o f m e la n in  (F ig s .  5 .3 6  a n d  5 .3 7 ) .

The c h o ro id  in  these  a n im a ls  a t  th e  la t e r  re c o v e ry  p e r io d s  

w as u s u a l ly  u n re m a rk a b le .  O n ly  th e  c h o r io c a p i l la r is  show ed 

a n y  v a r ia t io n .  O c c a s io n a lly  i t  w as c o m p le te ly  a b s e n t ( F ig .  

5 . 37 ) ,  o r  i f  p re s e n t i t  c o n ta in e d  s c a tte re d  m o n o n u c le a r c e lls
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(F ig s .  5.31 and 5 .3 2 ) .

S.A Recovery of the Rabbit Retina and Choroid Following
Light Damage; Electron Microscopy; Low In ten sity  Group

T h is  s e c tio n  d e s c r ib e s , b y  e le c tro n  m ic ro s c o p y , th e  a re a s  

p r e v io u s ly  d e s c r ib e d  b y  l i g h t  m ic ro s c o p y . A n y  fe a tu re s  o f th e  

t is s u e s  w h ic h  w e re  n o t seen b y  l i g h t  m ic ro s c o p y , a n d  w h ic h  

a re  o f in te r e s t ,  w i l l  be d e s c r ib e d . As in  th e  p re c e d in g  s e c tio n  

th e  a p p e a ra n c e  o f th e  t is s u e s  w i l l  be f i r s t  . d esc ribe d . fo r  th e  

g ro u p  exposed  to  th e  lo w e r in t e n s i t y  (e s t im a te d  r e t in a l  i l lu m in a t io n

3 8 .6  mWcm ^ ) .

5 . 4.1 Group 2: 6 Hours Recovery

A fte r  s ix  h o u rs  re c o v e ry  dam age w as o fte n  r e s t r ic te d  

to  th e  p ig m e n t e p ith e liu m  a n d  p h o to re c e p to rs . I n  some a re a s

th e  e n t ir e  r e t in a  w as a b n o rm a l ( F ig .  5 .38  -  L ig h t  m ic ro s c o p y  

o f th is  re g io n  w as show n in  F ig s .  5 .5  a n d  5 .6 ) .  The dam age 

to  th e  p ig m e n t e p ith e l iu m ,  a n d  p h o to re c e p to r  in n e r  a nd  o u te r

segm en ts , w as s im i la r  in  a p p e a ra n c e  to  th a t  seen in  th e  h ig h e r  

in te n s i t y  g ro u p s  im m e d ia te ly  a f te r  th e  one h o u r  e x p o s u re  to  l i g h t .  

T h e re  w as c o n s id e ra b le  s w e ll in g  o f th e  p ig m e n t e p i t h e l ia l  c e l ls '  

m ito c h o n d r ia .  The ro d  o u te r  segm ents h a d  fo c a l . d is tu rb a n c e s  

o f t h e i r  d is c  s ta c k s .  The m ito c h o n d r ia  o f th e  ro d  in n e r  segm ents 

w e re  s l ig h t ly  d is te n d e d . Cone c e l ls '  o u te r  segm ents w e re  u n 

id e n t i f ia b le .  T h e ir  in n e r  segm ents w e re  g r e a t ly  d is te n d e d  a n d  

c o n ta in e d  s e v e re ly  s w o lle n  m ito c h o n d r ia  (F ig u re  5 .3 9 ) .

M uch o f th e  M u lle r  c e l l  c y to p la s m  w i t h in  th e  o u te r  n u c le a r  

la y e r  w as e le c tr o n - lu c e n t  a n d  s e v e re ly  s w o lle n . D is te n d e d  M u lle r  

c e l l  m ito c h o n d r ia  c o u ld  be seen c lo se  to  th e  o u te r  l im i t in g  mem

b ra n e .  The re c e p to r  c e l ls '  n u c le i a n d  t h e i r  s yn a p se s  w e re  

re a s o n a b ly  n o rm a l in  t h e i r  a p p e a ra n c e  ( F ig .  5 -4 0 ).
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The g a n g lio n  c e lls  a n d  th e  m a jo r i t y  o f th e  c e lls  o f th e

in n e r  n u c le a r  la y e r  show ed c o n s id e ra b le  s w e ll in g  o f t h e i r  c y to 

p la s m  a n d  c e l l  p rocesses  in  th e  p le x ifo rm  la y e rs  ( F ig .  5 -3 8 ) .

The M u lle r  c e l ls ,  a p a r t  fro m  s w e ll in g  o f t h e i r  c y to p la s m  in  th e  

o u te r  n u c le a r  la y e r ,  w e re  n o rm a l in  a p p e a ra n c e  ( F ig .  5 .3 8 ) .

The c h o ro id  w as g e n e r a l ly  o f n o rm a l a p p e a ra n c e . In

re g io n s  o f m ore p ro n o u n c e d  r e t in a l  dam age , h o w e v e r, c h o r o id a l 

v e s s e ls  w e re  o fte n  o c c lu d e d  w ith  im p a c te d  re d  c e lls  o r  p la te le t  

th ro m b i ( F ig .  5 .3 8 ) .

5 .4 .2  G roup  2 ; 24 H o u rs  R e co ve ry

T w e n ty  fo u r  h o u rs  a f te r  th e  l i g h t  e x p o s u re  d e g e n e ra t iv e  

c h a n g e s  w ere  a p p a re n t  in  th e  p ig m e n t e p ith e l iu m ,  a nd  in  th e  

re c e p to r  c e lls  ( F ig .  5 .4 1 : L ig h t  m ic ro s c o p y  w as show n in  F ig .

5 .7 ) .  The p ig m e n t e p ith e liu m  c o n ta in e d  num erous  e le c tro n  lu c e n t  

v e s ic le s .  Some o f the se  w e re  d is te n d e d  m ito c h o n d r ia  w h ile  th e  

o th e rs  a p p e a re d  to  be re g io n s  o f c y to p la s m ic  r a r e fa c t io n  ( F ig .

5 . 4 1 ) .  The m a jo r i t y  o f th e  p ig m e n t e p i t h e l ia l  c e l ls '  c y to p la s m  

w as g r a n u la r  in  a p p e a ra n c e , a lth o u g h  re g io n s  o f more n o rm a l 

c y to p la s m  w ere  fo u n d  a ro u n d  th e  n u c le i .  The p ig m e n t e p i t h e l ia l  

n u c le i w e re  u n u s u a l ly  ro u n d e d  in  a p p e a ra n c e  ( F ig .  5 .4 1 ) .  

M o rp h o lig ic a l c h a n g e s  w ere  a ls o  a p p a re n t in  th e  a p ic a l s u r fa c e  

o f th e  p ig m e n t e p ith e l iu m .  The a p ic a l v i l l i  w e re  re d u c e d  o r  

f la t te n e d  a g a in s t  th e  a p ic a l  s u r fa c e s  o f th e  c e l ls .  The v i l l i  

no lo n g e r  in t e r d ig i t a t e d  w ith  th e  p h o to re c e p to r  c e l ls ’ o u te r  segm ents 

( F ig .  5 . 41 ) .  The dam age  to  th e  p h o to re c e p to r  c e l l  o u te r  segm ents 

w as s im i la r  to  th a t  seen a f te r  s ix  h o u rs  re c o v e ry .  Here a g a in ,  

th e  cone c e lls  ' in n e r  a n d  o u te r  segm ents w e re  m ore s e v e re ly  

dam aged  th a n  those  o f th e  ro d  c e l ls .  The o u te r  n u c le a r  la y e r  

c o n ta in e d  a few  p y k n o t ic  a n d  d is in te g r a t in g  n u c le i ( F ig .  5 .4 1 ) .
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In  a l l  th e  t is s u e s  e x a m in e d  fro m  the se  tw o  a n im a ls  b o th  

th e  in n e r  r e t in a  a nd  th e  c h o ro id  w e re  o f n o rm a l a p p e a ra n c e .

5 . 4 .3  G roup  2 ; 48 H o u rs  R e co ve ry

In  b o th  a n im a ls  d is tu rb a n c e s  o f r e t in a l  s t r u c tu r e  w e re  

l im i  t  ed. . to  th e  re c e p to r  c e l l  o u te r  segm ents a n d  to  th e  p ig m e n t 

e p ith e liu m  ( F ig .  5 .4 2 ) .  The re c e p to r  c e l l  o u te r  segm ents show ed 

d is tu rb a n c e s  o f t h e i r  d is c  s ta c k in g .  M a c ro p h a g e s  w ere  p re s e n t 

am ong th e  o u te r  segm ents in  a few  s e c tio n s . These c o n ta in e d  

w h a t w as th o u g h t  to  be re c e p to r  c e l l  o u te r  segm ent m a te r ia l

( F ig .  5 . 4 3 . L ig h t  m ic ro s c o p y  w as show n in  F ig .  5 .9 ) .  The

p ig m e n t e p ith e liu m  in  th e se  dam aged  a re a s  w as d e g e n e ra t iv e  

a n d  show ed co m p le te  lo s s  o f c e l lu la r  a r c h ite c tu re  ( F ig .  5 .4 4 ) .

C e lls  h a d  been seen b e lo w  th e  d e g e n e ra t iv e  p ig m e n t 

e p ith e liu m  b y  l i g h t  m ic ro s c o p y . By e le c tro n  m ic ro s c o p y  these  

w ere  seen to  be e n c lo se d  w i t h in  th e  s t r u c tu re  o f B ru c h 's  m em brane . 

T h e y  w e re  u s u a l ly  fo u n d  im m e d ia te ly  b e lo w  th e  basem en t m em brane 

o f th e  p ig m e n t e p ith e liu m  (F ig s .  5 .4 2  a n d  5 .4 4 ) .  C e lls  o f s im i la r  

a p p e a ra n c e  w ere  seen b o th  w i t h in  a n d  e x te r n a l to  th e  c h o r io c a p i l l -  

a r is  ( F ig .  5 .4 4 ) .  On th e  b a s is  o f t h e i r  s iz e , n u c le a r  shape

a n d  c h ro m a tin  p a t te r n ,  a n d  t h e i r  c y to p la s m ic  in c lu s io n s ,  these

c e lls  w e re  th o u g h t to  be m o n ocy te s .

5 . 4 .4  G roup  2 ; 4 D ays  R e co ve ry

In  these  a n im a ls ,  b o th  th e  n e u ra l r e t in a  a n d  th e  c h o ro id  

w e re  n o rm a l in  a p p e a ra n c e . H ow eve r, a b n o rm a lit ie s  o f  th e  p ig m e n t 

e p ith e liu m  w ere  e n c o u n te re d  ( F ig .  5 .45  a a n d  b ) .  I n  re g io n s  

o f a b n o rm a l p ig m e n t e p ith e liu m  th e  n e u ra l r e t in a  w as d e ta c h e d . 

These d e ta ch m e n ts  m ay h a v e  been a r t i f a c t u a l .  The r e t in a ,  a lth o u g h  

d e ta c h e d , w as n o rm a l in  a p p e a ra n c e  a p a r t  fro m  some s l ig h t  d is 

o rg a n is a t io n  o f th e  m ost d is t a l  re g io n s  o f th e  p h o to re c e p to r  o u te r
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segm en ts . The a t y p ic a l  p ig m e n t e p ith e liu m  h a d  tw o  d is t in c t
WITH

a p p e a ra n c e s . I n  some a re a s  i t s  c y to p la s m  w as p a c k e d  [^phagosomes 

( F ig .  5 .4 5 a  a n d  5 .4 6 ) .  These phagosom es p r o b a b ly  c o n ta in e d  

o u te r  segm ent m a te r ia l .  I n  o th e r  a re a s  th e  p ig m e n t e p ith e liu m  

a p p e a re d  to  be " b u d d in g "  c e l ls  ( F ig .  5 .4 5 b  a n d  5 .4 7 ) .  These 

" b u d d in g "  c e lls  a p p e a re d  to  be p in c h e d  o f f  a t  th e  le v e l o f th e  

ju n c t io n a l  co m p lex  ( F ig .  5 .4 7 ) .  These re g io n s  o f a ty p ic a l  p ig m e n t 

e p ith e liu m  w ere  o n ly  fo u n d  in  a s s o c ia t io n  w ith  r e t in a l  fo ld s  o r  

d e ta ch m e n ts  o f th e  r e t in a .

5 .4 .5  Group 2; 1 Week Recovery

As s ta te d  in  th e  s e c tio n  on th e  l i g h t  m ic ro s c o p y , th e  t is s u e  

fro m  these  a n im a ls  w as u n re m a rk a b le .  O n ly  one b lo c k  show ed 

a fo c a l le s io n  o f th e  p ig m e n t e p ith e l iu m .  The l i g h t  m ic ro s c o p y  

o f th is  re g io n  is  show n in  F ig u re  5 .1 2 . S ec tions  s u ita b le  fo r  

e le c tro n  m ic ro s c o p y  w e re  fo r tu n a te ly  o b ta in e d  fro m  th is  re g io n  

( F ig .  5 .4 8 ) .  T h e re  w e re  s l ig h t  i r r e g u la r i t ie s  o f th e  o u te r  segm ents 

o f th e  p h o to re c e p to rs . Dam age w a s , h o w e v e r, f a r  m ore c o n s p ic u o u s  

w i t h in  th e  p ig m e n t e p ith e l iu m .  T h e re  w as e x te n s iv e  v a c u o la t io n  

o f th e  c y to p la s m . T h is  m ay h a v e  been p ro d u c e d  b y  d is te n s io n  

o f th e  sm ooth e n d o p la s m ic  r e t ic u lu m .  T h e re  w as a ls o  s l ig h t  

s w e ll in g  o f th e  p ig m e n t e p i t h e l ia l  c e l ls '  m ito c h o n d r ia  ( F ig .  5 .4 8 ) .

The c h o r io c a p i l la r is  b e n e a th  these  dam aged  p ig m e n t 

e p i t h e l ia l  c e lls  c o n ta in e d  im p a c te d  re d  c e l ls .  P la te le ts ,  as seen 

b y  l i g h t  m ic ro s c o p y  ( F ig .  5 .1 2 ) w ere  n o t seen b y  e le c tro n  

m ic ro s c o p y , h o w e v e r. ( F ig .  5 .4 8 )

5 .4 .6  Group 2; 2 Weeks Recovery

S t r u c tu r a l  a b n o rm a lit ie s  w e re  o n ly  seen in  a n im a l 2 /2W /1  

b y  l i g h t  m ic ro s c o p y . In  th e  o th e r  a n im a l,  2 /2 W /1 , th e  t is s u e s  

a p p e a re d  n o rm a l b y  l i g h t  m ic ro s c o p y . S im i la r ly ,  b y  e le c tro n  

m ic ro s c o p y , a b n o rm a lit ie s  o f s t r u c tu r e  w ere  o n ly  e n c o u n te re d
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in  a n im a l 2 /2 W /1 .

Two d is t in c t  a p p e a ra n c e s  w e re  seen w i t h in  th e  dam aged  

t is s u e s :  f i r s t l y ,  a re a s  o f r e t in a l  f o ld in g ,  o r  s l ig h t  d e ta c h m e n t,

w i t h  a s s o c ia te d  p ig m e n t e p i t h e l ia l  d is tu rb a n c e s  a n d  s e c o n d ly , 

a re a s  o f g e n e ra l d e g e n e ra t iv e  c h a n g e  th ro u g h o u t th e  e n t ir e  r e t in a  .

In  th e  a re a s  s h o w in g  p ig m e n t e p i t h e l ia l  d is tu rb a n c e s

th e  in n e r  r e t in a  w as o f n o rm a l a p p e a ra n c e . H ow eve r, s l ig h t

i r r e g u la r i t ie s  o f th e  re c e p to r  c e l l  o u te r  segm ents d id  o c c u r ( F ig .  

5 . 4 9 . L ig h t  m ic ro s c o p y  w as show n in  F ig s .  5 .13  a nd  5 .1 4 ) .

By e le c tro n  m ic ro s c o p y  a b n o rm a lit ie s  o f s t r u c tu re  w e re  seen in  

th e  c h o r io c a p i l la r is ,  B ru c h 's  m em brane , a n d  th e  p ig m e n t e p ith e l iu m .

In  th e  re g io n s  o f p ig m e n t e p i th e l ia l  a b n o rm a lity  ( F ig .

5 . 4 9 ) ,  th e  c h o r io c a p i l la r is  show ed an u n u s u a l c re n u la t io n  o r  

fo ld in g  o f i t s  l in in g  e n d o th e liu m  ( F ig .  5 .5 0 ) .  T h is  d id  n o t 

a p p e a r  to  a f fe c t  th e  p a te n c y  o f th e  v e s s e ls . In  these  re g io n s  

o f p ig m e n t e p i t h e l ia l  d is tu rb a n c e s  th ic k e n in g  o f B ru c h 's  m em brane 

w as a common f in d in g .  T h is  w as p ro d u c e d  b y  a th ic k e n in g  o f 

th e  in n e r  c o lla g e n o u s  la y e r  ( F ig .  5 .5 0 ) .  I n  some s e c tio n s  c e lls  

w e re  seen w i t h in  th is  th ic k e n e d  re g io n  o f B ru c h 's  m em brane . 

V e ry  o c c a s io n a lly ,  c e l lu la r  p rocesses  w e re  o b s e rv e d  p a s s in g  th ro u g h  

th e  e la s t ic  la y e r  o f B ru c h 's  m em brane a nd  in to  th e  c o n n e c tiv e  

t is s u e  o f th e  c h o ro id  ( F ig .  5 .5 0 ) .  The re g io n s  o f p ig m e n t 

e p i t h e l ia l  h y p e r p la s ia  w h ic h  w e re  seen b y  l i g h t  m ic ro s c o p y  (F ig s .  

5 .1 3  a n d  5 . 14 ) a p p e a re d  to  c o n s is t  o f th re e  ty p e s  o f c e l ls .

1. c e lls  w h ic h  a p p e a re d  to  be p ig m e n t e p ith e liu m  a lb e i t  o f a ty p ic a l  

a p p e a ra n c e . 2 . c e lls  o f u n k n o w n  c h a r a c te r ,  w h ic h  w e re  fo u n d  

be tw een  th e  p ig m e n t e p ith e liu m  a n d  B ru c h 's  m em brane . 3 . m a cro 

p h a g e s  o r  m a c ro p h a g e - l ik e  c e lls  w h ic h  w ere  fo u n d  on th e  a p ic a l  

s u r fa c e  o f th e  p ig m e n t e p ith e liu m  a n d  in  th e  s u b r e t in a l  space  

(5 .5 0 ) .
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In  a re a s  o f r e t in a l  d e g e n e ra t io n  th e re  w as e x te n s iv e

in t r a c e l l u la r  oedema o f a l l  r e t in a l  c e lls  a p a r t  fro m  th e  re c e p to r  

c e l ls .  The re c e p to r  c e l l  c y to p la s m  w as s h ru n k e n  a n d  d e n s e ly  

s ta in e d  ( F ig .  5 .5 1 ) .  The p ig m e n t e p ith e liu m  d id  n o t a p p e a r  

to  be s e v e re ly  dam aged  b u t  d id  show  s w e ll in g  o f i t s  m ito c h o n d r ia  

as w e ll  as s l ig h t  ro u n d in g  o f i t s  n u c le i ( F ig .  5 .5 2 ) .  The p h o to 

re c e p to r  dam age w as u n u s u a l a n d  d if fe r e d  c o n s id e ra b ly  fro m  

th a t  seen im m e d ia te ly  a f te r  l i g h t  e x p o s u re . O u te r segm ent dam age 

w as n o t s e v e re . H o w e ve r, th e  in n e r  segm ents w e re  s w o lle n ,

a n d  c o n ta in e d  s e v e re ly  d is te n d e d  m ito c h o n d r ia  (F ig s .  5 .51  a n d  

5 .5 3 ) .  M any o f th e  re c e p to r  c e l l  n u c le i ,  p r in c ip a l l y  ro d  c e l l  

n u c le i ,  w e re  p y k n o t ic .  th e  c y to p la s m  o f these  c e l ls  w i th  p y k n o t ic  

n u c le i w as o fte n  s h ru n k e n  a n d  d e n s e ly  s ta in e d  ( F ig .  5 .5 3 ) .  

The ro d s ' s p h e ru le  SJ w e re  ro u n d e d  a n d  d e n s e ly  s ta in e d  w h ile

th e  cone c e l ls ' p e d ic le s  w e re  le s s  s e v e re ly  dam aged  ( F ig .  5 .5 3 ) .

The c e lls  o f th e  in n e r  r e t in a ,  e xce p t th e  M u lle r  c e lls ,  show ed 

in t r a c e l l u la r  oedema a n d  d is te n s io n  o f t h e i r  m ito c h o n d r ia .  A lth o u g h  

th e  M ü lle r  c e l ls ,  in w a rd s  fro m  th e  in n e r  n u c le a r  la y e r ,  a p p e a re d  

n o rm a l t h e i r  c y to p la s m  w as o c c a s io n a lly  p h y s ic a l ly  d is p la c e d  

b y  th e  s e v e re ly  oedem atous c e lls  o f th e  in n e r  r e t in a  ( F ig .  5 .5 3 ) .  

The M u lle r  c e lls  ' c y to p la s m  in  th e  o u te r  n u c le a r  la y e r  w as g r e a t ly  

d is te n d e d . W ith in  th e  c y to p la s m  a d ja c e n t to  th e  o u te r  l im i t in g  

m em brane w ere  n um erous  v e s ic u la r  s t r u c tu re s .  These w ere  th o u g h t 

to  be d is te n d e d  M u lle r  c e l l  m ito c h o n d r ia  ( F ig .  5 .5 3 ) .  The 

c h o r o id a l t is s u e s  b e lo w  th e se  re g io n s  o f d e g e n e ra t iv e  r e t in a  w e re  

n o rm a l in  a p p e a ra n c e  (F ig s .  5 .51  a n d  5 .5 2 ) .
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5 .4 -7  G roup  2 ; 4 Weeks R e co ve ry

The a p p e a ra n c e  o f th e  t is s u e s  fo u r  w eeks a f te r  e x p o s u re  

to  l i g h t  ca n  be d iv id e d  in to  th re e  c a te g o r ie s .  1. a b n o rm a lit ie s  

o f th e  c h o ro id .  2 . a b n o rm a lit ie s  o f th e  p ig m e n t e p ith e liu m ,  

a n d  th e  re c e p to r  c e l ls .  3 . d e g e n e ra t iv e  ch a n g e s  o f th e  r e t in a  

a n d  c h o ro id .

In  some a re a s  th e  c h o ro id  c o n ta in e d  num erous  in f la m m a to ry  

c e l ls .  The m a jo r i t y  o f the se  c e lls  w e re  in  th e  e x t r a v a s c u la r  

t is s u e s .  These c e lls  w e re  th o u g h t  to  be m a c ro p h a g e s , b u t  th e y  

v a r ie d  in  a p p e a ra n c e  fro m  m o n o c y te - lik e  c e lls  to  m a tu re  m acro 

p h a g e s , w h ic h  c o n ta in e d  num erous  phagosom es ( F ig .  5 .5 4 ) .

The m a jo r i t y  o f th e  r e t in a l  t is s u e  e x a m in e d  b y  e le c tro n  

m ic ro s c o p y  show ed some a b n o rm a lit ie s  o f th e  re c e p to r  c e lls  a n d  

th e  p ig m e n t e p i t h e l ia l  c e lls  ( F ig .  5 .5 5 ) .  The p ig m e n t e p i t h e l ia l  

m ito c h o n d r ia  w e re  s l ig h t l y  d is te n d e d , a nd  m ild  d is te n s io n  o f 

th e  sm ooth e n d o p la s m ic  re t ic u lu m  w as p re s e n t ( F ig .  5 .5 5 ) .  The

ro d  o u te r  segm ents show ed fo c a l i r r e g u la r i t ie s .  In  these  re g io n s  

th e  d is c s  w e re  re p la c e d  b y  a f lo c c u la te  m a te r ia l  ( F ig .  5 .5 5 ) .  

Cone c e l l  o u te r  segm ents w ere  a b s e n t o r  g r e a t ly  re d u c e d . T h e ir

in n e r  segm ents w e re  g r e a t ly  d is te n d e d  a n d  c o n ta in e d  s w o lle n  

m ito c h o n d r ia  ( F ig .  5 .5 5 ) .

R e t in a l d e g e n e ra t io n  s im i la r  to  th a t  d e s c r ib e d  in  th e  

p re v io u s  s e c tio n  (2w eeks re c o v e ry )  w as a ls o  seen in  th is  g ro u p . 

The r e t in a l  oedema a n d  th e  d is te n s io n  o f th e  M u lle r  c e l ls '  c y to p la s m  

w i t h in  th e  o u te r  n u c le a r  la y e r  w as n o t so m a rk e d , h o w e ve r ( F ig .

5 .5 6 ) .  The p ig m e n t e p ith e liu m  w as a g a in  s im i la r  to  th a t  d e s c r ib e d  

p r e v io u s ly  a lth o u g h  th e  c h o r o id a l v e s s e ls  w e re  m ore s e v e re ly  

d a m a g e d . These c o n ta in e d  im p a c te d  re d  c e lls  a n d  th e re  was 

se ve re  dam age to  th e  e n d o th e l ia l c e lls  l in in g  these  v e sse ls  (F ig .

5 .5 7 ) .
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5 .5  Recovery of the Rabbit Retina and Choroid Following Light
Damage; Electron Microscopy; High In tensity  Group.

As s ta te d  in  th e  s e c tio n  on l i g h t  m ic ro s c o p y  fo u r  o r  m ore 

b lo c k s  w e re  e x a m in e d  fro m  each  a n im a l.  T h is  s e c tio n  d e s c r ib e s  

th e  same t is s u e  b y  e le c tro n  m ic ro s c o p y . E m p ha s is  is  p la c e d  

on fe a tu re s  n o t seen b y  l i g h t  m ic ro s c o p y .

5 .5 .1  G roup  1; 6 H o u rs  R e co ve ry

In  b o th  a n im a ls  th e  p a t te r n  o f dam age w as q u ite  s im i la r .

I n  a n im a l l / 6 h / l  b lo c k s  A2 a n d  B2 show ed s e v e re ly  dam aged  

t is s u e .  S im i la r ly  a n im a l l / 6 h / 2 ,  b lo c k s  A2 a n d  B2, show ed severe  

dam age to  th e  r e t in a .  The re m a in d e r  o f th e  b lo c k s  e x a m in e d , 

a n im a l l / 6 h / l ,  b lo c k s  C2 a n d  D3, a n d  a n im a l l / 6 h / 2 ,  b lo c k  C2 

show ed o n ly  s l ig h t  a b n o rm a li t ie s .  The p h o to re c e p to r  o u te r  segm ents 

w e re  m i ld ly  d is tu r b e d  w h ile  th e  p ig m e n t e p i th e l iu m 's  sm ooth 

e n d o p la s m ic  re t ic u lu m  w as s l ig h t l y  s w o lle n . A p a r t  fro m  these  

m in o r  ch an g es  th e  t is s u e s  w e re  o th e rw is e  n o rm a l in  a p p e a ra n c e . 

The s in g le  re m a in in g  b lo c k ,  a n im a l l / 6 h / 2  b lo c k  D4, e x h ib ite d  

a p a t te rn  o f dam age u n c h a r a c te r is t ic  o f l i g h t  dam ag e . The 

a p p e a ra n c e  o f th is  b lo c k  w i l l  be d e s c r ib e d  la t e r .

In  th e  s e v e re ly  dam aged  re g io n s  b o th  th e  p h o to re c e p to rs  

a n d  th e  p ig m e n t e p ith e liu m  w e re  h ig h ly  a b n o rm a l.  The in n e r  

n u c le a r  la y e r ,  a n d  th e  re m a in d e r  o f th e  r e t in a ,  w ere  o f n o rm a l 

a p p e a ra n c e  ( F ig .  5 .5 8 ) .

The p ig m e n t e p ith e liu m  e x h ib ite d  a v a r ie t y  o f s t r u c tu r a l  

c h a n g e s . The a p ic a l  p rocesses  w e re  d is o rg a n is e d  o r  lo s t .  The 

m e la n in  g ra n u le s  w e re  s c a tte re d  th ro u g h o u t  th e  c y to p la s m . The 

m ito c h o n d r ia ,  a lth o u g h  s t i l l  p re s e n t in  th e  b a s a l c y to p la s m , 

w e re  s m a ll a n d  t h e i r  in t e r n a l  m a t r ix  w as d e n s e ly  s ta in e d .  

T h e re  w e re  la r g e  phagosom es o f o u te r  segm ent m a te r ia l  w i t h in
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th e  c y to p la s m . The n u c le i a n d  b a s a l in fo ld in g s  o f these  c e lls  

re ta in e d  t h e i r  n o rm a l a p p e a ra n c e  ( F ig .  5 .5 9 )*

The re c e p to r  c e lls  in  th e se  s e v e re ly  dam aged  re g io n s

h a d  ru p tu re d  in n e r  a n d  o u te r  segm en ts . The m a jo r i t y  o f th e

re c e p to r  c e lls  w e re  p y k n o t ic .  T h e ir  p e r in u c le a r  c y to p la s m  w as 

e ith e r  condensed  a ro u n d  th e  n u c le u s  o r  e x trm e ly  oedem atous ( F ig .  

5 .5 8 ) .  The c h o r o id ,  o u te r  to  the se  re g io n s  o f dam aged  r e t in a ,  

w as n o rm a l in  a p p e a ra n c e  (F ig s .  5 .5 8  a n d  5 .5 9 ) .

The re m a in d e r  o f th e  t is s u e  e x a m in e d  fro m  the se  tw o  

a n im a ls  w as v i r t u a l l y  n o rm a l a p a r t  fro m  b lo c k  D4 a n im a l l / 6 h / 2 .  

In  b lo c k  D4 th e  p h o to re c e p to r  in n e r  a n d  o u te r  segm ents w e re

s l ig h t l y  d a m a g e d . M any o f th e  o u te r  segm ents w e re  s w o lle n

a n d  show ed d is o r g a n is a t io n  o f t h e i r  d is c s . The in n e r  segm ents 

show ed o n ly  s l ig h t  s w e ll in g  o f t h e i r  m ito c h o n d r ia .  The re m a in d e r  

o f th e  r e t in a l  t is s u e  w as u n re m a rk a b le  a lth o u g h  th e re  m ay h a ve  

been s l ig h t  i n t r a c e l l u la r  oedema o f th e  n e u ra l e lem en ts  o f th e  

in n e r  n u c le a r  la y e r  , a n d  th e  g a n g lio n  c e lls  ( F ig .  5 *6 0 ). The

a p p e a ra n c e  o f th e  p ig m e n t e p ith e liu m  a n d  c h o r io c a p i l la r is  w as 

o f m ore in te r e s t .  The p ig m e n t e p ith e liu m  show ed c o n s id e ra b le  

s w e ll in g  o f i t s  m ito c h o n d r ia ,  some o f w h ic h  w e re  r u p tu re d  ( F ig .

5 .6 1 ) .  The sm ooth e n d o p la s m ic  re t ic u lu m  w as s w o lle n  a n d  th e  

c is te rn a e  o f ro u g h  e n d o p la s m ic  re t ic u lu m  w ere  d is te n d e d  ( F ig .

5 .6 1 ) .  The v e s s e ls  o f th e  c h o r io c a p i l la r is  w ere  u n u s u a l in  

a p p e a ra n c e . The v e s s e ls  w ere  u n i fo r m ly  f i l l e d  w ith  a d e n s e ly

s ta in e d  m a te r ia l ,  w h ic h  w as th o u g h t to  be h a e m o g lo b in  d e r iv e d  

fro m  ly s e d  re d  c e lls  ( F ig ,  5 .6 1 ) .  The e n d o th e l ia l c y to p la s m  

w as i r r e g u la r l y  s w o lle n  a n d  e x te n d e d  in to  th e  lum e n  o f th e

v e s s e ls  ( F ig .  5 .6 1 ) .
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5 . 2 . 2  Group 1; 24 Hours Recovery

The m a jo r i t y  o f th e  t is s u e  e xa m in e d  fro m  these  a n im a ls  

w as re a s o n a b ly  s im i la r  in  a p p e a ra n c e . H ow ever, some v a r ia t io n  

in  th e  deg ree  o f dam age to  th e  r e t in a  a n d  p ig m e n t e p ith e liu m  

w as a p p a re n t .  B lo cks  A1 a n d  B2 fro m  a n im a l l / 2 4 h / l ,  a n d  a l l  

fo u r  b lo c k s  e x a m in e d  fro m  a n im a l l / 2 4 h /2 ,  show ed seve re  dam age . 

W ith in  these  t is s u e  b lo c k s  th e  r e t in a  show ed d e g e n e ra t iv e  ch a n g e s  

th ro u g h o u t  i t s  th ic k n e s s  (F ig s .  5 .6 2  a n d  5 .6 3 ) .  I n  th e  re g io n s  

o f most severe  dam age th e  p ig m e n t e p ith e liu m  w as re d u c e d  to  

a t h in  la y e r  o f g r a n u la r  m a te r ia l .  T h is  m a te r ia l  show ed l i t t l e  

e v id e n c e  o f c e l lu la r  a r c h ite c tu re  a p a r t  fro m  m e la n in  g ra n u le s  

a n d  l i p i d  d ro p le ts  (F ig s .  5 .62  a n d  5 .6 4 ) .  O c c a s io n a lly  th is  

ty p e  o f d e g e n e ra t iv e  p ig m e n t e p ith e liu m  w as s e p a ra te d  fro m  

B ru c h 's  m em brane b y  p la s m a - l ik e  m a te r ia l w h ic h  c o n ta in e d  a 

n e tw o rk  o f f ib r o u s  m a te r ia l ,  p ro b a b ly  f i b r i n  ( F ig .  5 .6 5 ) .

In  re g io n s  w h e re  th e  p ig m e n t e p ith e liu m  h a d  s u rv iv e d ,  

i t  was s im i la r  in  a p p e a ra n c e  to  th a t  seen a f te r  6 h o u rs  o f re 

c o v e ry  (co m p a re  F ig s .  5 .5 9  a n d  5 .6 6 ) .  The m ito c h o n d r ia  w e re  

s m a ll w ith  a d e n s e ly  s ta in e d  m a t r ix .  The a p ic a l  p rocesses  w ere  

lo s t ,  a n d  m e la n in  g ra n u le s  w e re  d is t r ib u te d  th ro u g h o u t  th e  c y to 

p la s m  ( F ig .  5 .6 6 ) .

The re c e p to r  c e l ls '  in n e r  a n d  o u te r  segm ents w e re  s im i la r

in  a p p e a ra n c e  to  th o se  seen in  s e v e re ly  dam aged  re g io n s  a f te r

s ix  h o u rs  o f re c o v e ry  (co m p a re  F ig s .  5 .58  a n d  5 .6 2 ) .  H ow eve r,

th e  o u te r  n u c le a r  la y e r  w as c o n s id e ra b ly  d i f fe r e n t .  The m a jo r i t y

o f th e  re c e p to r  c e l l  n u c le i w e re  p y k n o t ic .  These p y k n o t ic  n u c le i 
Tsy

w ere  s u r ro u n d e d 5 h ig h ly  oedem atous c y to p la s m . In  some re g io n s  

o f th e  o u te r  n u c le a r  la y e r  re c e p to r  c e l l  m em branes h a d  r u p tu r e d ,  

p ro d u c in g  c y s t ic  spaces c o n ta in in g  p y k n o t ic  n u c le i (F ig s .  5 .62  

a n d  5 . 6 3 ) .  The re c e p to r  c e l l  syn a p se s  w ere  id e n t i f ia b le  w i t h in
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th e  o u te r  p le x ifo rm  la y e r .  Those o f th e  cone c e l ls  a p p e a re d  

to  be b e t te r  p re s e rv e d  th a n  tho se  o f th e  ro d s  ( F ig ,  5 .6 3 ) .

The c e lls  o f th e  in n e r  n u c le a r  la y e r  w e re  h ig h ly  v a r ia b le  

in  a p p e a ra n c e . Some h o r iz o n ta l a n d  a m a c rin e  c e lls  h a d  p y k n o t ic  

n u c le i w i t h in  s e v e re ly  s w o lle n  c y to p la s m . O th e r c e l ls ,  th o u g h t 

to  be b ip o la r  c e l ls ,  h a d  s h ru n k e n  in te n s e ly  s ta in e d  c y to p la s m  

a n d  p y k n o t ic  n u c le i (F io g .  5 .6 3 ) .  Some o f th e  c e l l  p rocesses  

w i t h in  th e  in n e r  p le x ifo rm  la y e r  w e re  s w o lle n . These s w o lle n  

p rocesses  p re s u m a b ly  b e lo n g e d  to  a m a c rin e  o r  b ip o la r  c e l ls :  

th e  g a n g lio n  c e lls  w e re  r e la t i v e ly  n o rm a l,  a p a r t  fro m  a few  

c e l ls  in  w h ic h  th e  c y to p la s m  s ta in e d  m ore in te n s e ly  th a n  n o rm a l.  

T h ro u g h o u t th e  r e t in a  th e  M u lle r  c e lls  w e re  n o rm a l in  a p p e a ra n c e  

a lth o u g h  t h e i r  c y to p la s m  w as m a rk e d ly  d is p la c e d ,  in  th e  o u te r  

n u c le a r  la y e r ,  b y  th e  h ig h ly  oedem atous c y to p la s m  o f th e  re c e p to r  

c e l ls  ( F ig .  5 .6 3 ) .  A t th e  le v e l o f th e  o u te r  l im i t in g  m em brane, 

M ü lle r  c e l l  p rocesses  c o u ld  be seen e x te n d in g  in to  th e  s u b - r e t in a l  

sp a ce . In n e r  to  th e  o u te r  l im i t in g  m em brane th e  M ü lle r  c e l ls ' 

c y to p la s m  w as d e n s e ly  s ta in e d  a n d  c o n ta in e d  m any m ito c h o n d r ia  

( F ig .  5 .6 7 ) .

Below  these  dam aged  re g io n s  o f r e t in a ,  f i b r i n  c lo ts  o fte n  

o c c lu d e d  th e  c h o r io c a p i l la r is  (F ig s .  5 .62  a n d  5 .6 4 ) .  W here th e

c h o r io c a p i l la r is  w as p a te n t ,  i t  c o n ta in e d  m any m o n o n u c le a r c e lls  

(F ig s .  5 .6 6  a n d  5 .6 8 ) .  The v a s t  m a jo r i t y  o f these  m o n o n u c le a r 

c e lls  w e re  th o u g h t  to  be m o n ocy te s . C e lls  o f a m ore m a c ro p h a g ic  

a p p e a ra n c e  w e re  seen w i t h in  th e  c h o ro id a l s tro m a  a n d  be tw een  

th e  ve s s e ls  o f th e  c h o r io c a p i l la r is  ( F ig .  5 .6 8 ) .
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5 . 5 . 3  Group 1; 48 Hours Recovery

Severe  dam ag e , s im i la r  to  th a t  d e s c r ib e d  in  th e  p re v io u s  

s e c tio n , w as seen o n ly  in  one o f th e  a n im a ls .  T h is  w as a n im a l 

l / 4 8 h / l  b lo c k s  B2 a n d  C2. I n  a n o th e r tw o  b lo c k s ,  b lo c k s  A2 

in  a n im a ls  l / 4 8 h / l  a n d  l / 4 8 h /2 ,  seve re  dam age w as r e s t r ic te d  

to  th e  re c e p to r  c e lls  a nd  th e  p ig m e n t e p ith e l iu m .  In  b lo c k s  

D2, a n im a l l / 4 8 h / l ,  a n d  C2, a n im a l l / 4 8 h /2 ,  th e re  w as a lo ss  

o f p h o to re c e p to r  c e l ls .  The p ig m e n t e p ith e l iu m ,  h o w e v e r, w as 

in t a c t .  B lo cks  B2 a n d  D2, a n im a l l / 4 8 h /2 ,  w e re  n e a r  n o rm a l 

in  a p p e a ra n c e ; b lo c k  B2 d id  show some a b n o rm a lit ie s  o f th e  

p ig m e n t e p ith e liu m  w h ic h  w i l l  be  d is c u s s e d  la t e r .  I n  the se  tw o  

a n im a ls  th e  deg re e  o f dam age show n b y  a b lo c k  c o r re la te d  w e l l  

w ith  i t s  p o s it io n  in  th e  le s io n  ( F ig .  5 .2 ) .

In  th e  s e v e re ly  dam aged  a re a s , th e  a p p e a ra n c e  o f th e  

o u te r  r e t in a  a n d  c h o ro id  w as s im i la r  to  th a t  seen in  s e v e re ly  

dam aged  re g io n s  tw e n ty  fo u r  h o u rs  a f te r  e x p o s u re . H ow eve r, 

th e re  a p p e a re d  to  be e x te n s iv e  le a k a g e  o f p la s m a  th ro u g h  th e  

dam aged  p ig m e n t e p ith e l iu m .  F ib r in  f ib r e s  w e re  p re s e n t w i t h in  

th e  p la s m a  in  th e  s u b r e t in a l  space  ( F ig .  5 .6 ) .  The re c e p to r  

c e lls  w ere  v i r t u a l l y  a l l  d e g e n e ra t iv e .  M any n u c le i w ere  p y k n o t ic  

w h ile  o th e rs  w e re  d is in te g r a t in g  ( F ig .  5 .7 0 ) .  M u lle r  c e l ls '  c y to 

p la s m  o c c u p ie d  m ost o f th e  o u te r  n u c le a r  la y e r .  I t  s u r ro u n d e d , 

o r  p o s s ib ly  c o n ta in e d , th e  re c e p to r  c e l l  d e b r is  ( F ig .  5 .7 0 ) .  

The n u m e ro u s , s m a ll,  d e n s e ly  s ta in e d  s t ru c tu re s  seen e x te r n a l 

to  th e  M u lle r  c e l ls '  c y to p la s m  a n d  w i t h in  d e g e n e ra te  re c e p to r  

c e lls  w ere  th o u g h t  to  be re m n a n ts  o f s e c o n d a r ly  lysosom es p ro d u c e d  

b y  th e  re c e p to r  c e lls  ( F ig .  5 .7 1 ) .

The in n e r  n u c le a r  la y e r  show ed ch an g es  w h ic h  w e re  s im i la r  

to  those  o b s e rv e d  in  s e v e re ly  dam aged  a re a s  a f te r  24 h o u rs  

re c o v e ry  a lth o u g h  c e lls  in  an a d v a n c e d  s ta te  o f d e g e n e ra tio n
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w ere  m ore common ( F ig .  5 .7 0 ) .  W ith in  th e  in n e r  p le x ifo rm  la y e r  

a g re a te r  p ro p o r t io n  o f th e  c e l l  p rocesses  w e re  s w o lle n  (com p a re  

F ig s .  5 .7 0  a n d  5 .6 3 ) .  The M u lle r  c e lls  h a d .  m ore e x te n s iv e

c y to p la s m  in  b o th  th e  in n e r  a n d  o u te r  n u c le a r  la y e r s .  T h is

in c re a s e  in  c y to p la s m ic  vo lu m e  w as a ccom pa n ied  b y  an in c re a s e  

in  th e  s ize  o f th e  n u c le u s . The M ü lle r  c e l l  n u c le i a ls o  a p p e a re d  

to  be o c c u p y in g  a m ore e x te rn a l p o s it io n  w i t h in  th e  in n e r  n u c le a r  

la y e r  ( F ig .  5 .7 0 ) .

The in n e rm o s t re g io n s  o f th e  r e t in a ,  th e  g a n g lio n  c e lls

a n d  th e  in n e r  re g io n s  o f th e  M u lle r  c e l ls ,  w e re  u n u s u a ly  in

a p p e a ra n c e . M any  o f th e  g a n g lio n  c e l ls ' m ito c h o n d r ia  w e re

s w o lle n . The M ü lle r  c e l ls '  c y to p la s m  w as o f v a r y in g  e le c tro n -

d e n s ity  a n d  c o n ta in e d  e le c tr o n - lu c e n t  v e s ic le s .  These m ay h a ve  

been p ro d u c e d  b y  d is te n s io n  o f th e  M u lle r  c e l l 's  sm ooth endo

p la s m ic  re t ic u lu m  ( F ig .  5 .7 0 ) .

Below  these  re g io n s  o f  s e v e re ly  dam aged  r e t in a  th e  c h o r io 

c a p i l la r i s  a n d  th e  d e e p e r v e s s e ls  o f th e  c h o ro id  show ed e x te n s iv e  

dam age to  t h e i r  e n d o th e liu m . The in t e r io r  o f the se  ve sse ls  

w e re  o fte n  f i l l e d  w ith  f i b r i n ,  v a r io u s  in f la m m a to ry  c e l ls ,  a n d  

d e g r a n u la t in g  p la te le ts  (F ig s .  5 .72  a n d  5 .7 3 ) .

W ith in  th e  le s s  s e v e re ly  dam aged  a re a s , th e  p ig m e n t 

e p ith e liu m  a n d  th e  p h o to re c e p to rs  a p p e a re d  to  be s e le c t iv e ly  

d am aged  w h ile  th e  in n e r  r e t in a ,  th e  in n e r  n u c le a r  la y e r ,  th e

in n e r  p le x ifo rm  la y e r ,  a n d  th e  g a n g lio n  c e l l  la y e r ,  re ta in e d  

a m ore n o rm a l a p p e a ra n c e . I n t r a c e l lu la r  oedema a n d  d is te n d e d  

m ito c h o n d r ia  w e re  p re s e n t w i t h in  th e  in n e r  r e t in a  b u t  th e  c e lls  

s h o w in g  these  fe a tu re s  d id  n o t a p p e a r  to  be s e v e re ly  dam aged  

( F ig .  5 .7 4 ) .

As in  th e  s e v e re ly  dam aged  t is s u e ,  th e  M u lle r  c e l ls '  

n u c le i w e re  fo u n d  m ore to w a rd  th e  o u te r  a sp e c t o f th e  in n e r
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n u c le a r  la y e r .  O c c a s io n a lly ,  M u lle r  c e l ls '  n u c le i w e re  id e n t i f ie d  

w i t h in  th e  o u te r  n u c le a r  la y e r .  These c e lls  w e re  id e n t i f ie d  as 

M ü lle r  c e lls  a s , in  some in s ta n c e s , t h e i r  c y to p la s m  c o u ld  be 

fo llo w e d  in to  th e  in n e r  la y e rs  o f th e  r e t in a  w h e re  i t s  d is t r ib u t io n  

w as t y p ic a l  o f M u lle r  c e l ls  ( F ig .  5 .7 4 ) .

The c h o r io c a p i l la r is  b e n e a th  th e  le ss  s e v e re ly  dam aged  

re g io n s  o f r e t in a  d id  n o t a p p e a r  to  h a ve  s u ffe re d  m uch dam age 

to  i t s  e n d o th e liu m . C o n s e q u e n tly , f i b r i n  c lo ts ,  d e g ra n u la te d  

p la te le ts ,  a n d  p o ly m o rp h o n u c le a r  le u c o c y te s  w e re  n o t seen in  

these  a re a s . H ow eve r, m o n o n u c le a r c e lls  w e re  p re s e n t w i t h in ,  

a n d  e x te r n a l to ,  th e  c h o r io c a p i l la r is .  I n  some s e c tio n s  c e lls  

w e re  seen w i t h in  th e  s t r u c tu re  o f B ru c h 's  m em brane . T h ey  w ere  

fo u n d  be tw een  th e  in n e r  c o lla g e n o u s  la y e r  a n d  th e  basem en t 

m em brane o f th e  p ig m e n t e p ith e l iu m .  In  these  a re a s  th e  re m a in d e r  

o f th e  c h o ro id  w as n o rm a l in  a p p e a ra n c e  ( F ig . 5 .7 5 ) .

The m ore p e r ip h e r a l  re g io n s  o f th e  e x te n s iv e  le s io n  in

a n im a l l / 4 8 h / l  (b lo c k  D2) . a n d  th e  a re a  o f re d u c e d  r e t in a l  t h ic k 

ness in  a n im a l l / 4 8 h /2  (b lo c k  C2) w e re  s im i la r  in  a p p e a ra n c e . 

B o th  th e  o u te r  n u c le a r  la y e r  a n d  th e  p ig m e n t e p ith e liu m  w ere  

u n u s u a l in  a p p e a ra n c e . Some p y k n o t ic  n u c le i w e re  p re s e n t in  

th e  o u te r  n u c le a r  la y e r  b u t  m any o f th e  re c e p to r  c e l l  n u c le i 

w e re  n o rm a l in  a p p e a ra n c e  ( F ig . 5 .7 6 ) .  The re c e p to r  c e l ls '

in n e r  a n d  o u te r  segm ents w e re  re d u c e d . M uch o f th e  o u te r  seg

m ent s h r in k a g e  a p p e a re d  to  r e s u l t  fro m  b re a k d o w n  o f  th e  re c e p to r 

c e l ls '  d is c  m em branes . H o w e v e r, th e  p la s m a  m em brane o f th e  

o u te r  segm ent o fte n  a p p e a re d  to  be in ta c t  ( F ig . 5 .7 7 ) .  O th e r

s t ru c tu re s ,  p o s s ib ly  d is te n d e d  in n e r  segm ents , w e re  fo u n d  a d ja c e n t 

to  th e  p ig m e n t e p ith e l iu m .  These c o n ta in e d  m ito c h o n d r ia  o r  o u te r  

segm ent m a te r ia l .
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The p ig m e n t e p i t h e l ia l  c e l ls  w ere  ro u n d e d  a n d  h a d  lo s t  

t h e i r  a p ic a l  p ro ce sse s . T h e ir  n u c le i w e re  ro u n d e d , t h e i r  m ito 

c h o n d r ia  d is te n d e d  a n d  t h e i r  m e la n in  g ra n u le s  w e re  ra n d o m ly  

d is t r ib u te d  in  th e  c e l ls '  a p ic a l  c y to p la s m  ( F ig .  5 .7 7 ) .

As in  o th e r  t is s u e s ,  w i t h in  th is  g ro u p , a f te r  f o r t y  e ig h t  

h o u rs  re c o v e ry ,  lo ss  o f re c e p to r  c e lls  fro m  th e  o u te r  n u c le a r  

la y e r  w as a s s o c ia te d  w ith  e x p a n s io n  o f M ü lle r  c e l l  c y to p la s m . 

T h is  in c re a s e  in  th e  q u a n t i t y  o f M u lle r  c e l l  c y to p la s m  w i t h in  

th e  o u te r  n u c le a r  la y e r  w as a cco m p a n ie d  b y  m ig ra t io n  o f th e  

M u lle r  c e l ls '  n u c le i in to  th e  o u te r  n u c le a r  la y e r  (F ig s .  5 .7 6  

a n d  5 . 7 8 ) .  M uch o f th e  M i l l ie r  c e l ls ' c y to p la s m  in  th e  o u te r

n u c le a r  la y e r  c o n ta in e d  w h a t w as ta k e n  to  be re c e p to r  c e l l  d e b r is  

( F ig .  5 . 7 8 ) .  I n  these  a re a s  b o th  th e  in n e r  r e t in a  a n d  th e  c h o ro id  

w e re  o f n o rm a l a p p e a ra n c e .

In  one o f th e  b lo c k s  e x a m in e d , a n im a l l / 4 8 h /2 ,  b lo c k  

B2, th e  p ig m e n t e p ith e liu m  w as h ig h ly  u n u s u a ly  in  i t s  a p p e a ra n c e  

( F ig .  5 . 79 ) .  The c e lls  w e re  s w o lle n , a p ic a l  d is p la c e m e n t

o f t h e i r  c y to p la s m  accom m odating  th e  in c re a s e d  c e l l  vo lum e  (F ig .  

5 .79  a n d  5 .8 0 ) .  The n u c le i o f these  c e lls  w e re  ro u n d e d  a n d

show ed an  u n u s u a l c h ro m a tin  p a t te r n  ( F ig . 5 .8 0 ) .  A lth o u g h

p re s e n t,  th e  a p ic a l p rocesses  w ere  m uch re d u c e d  in  le n g th .  

M e la n in  g ra n u le s  a n d  a few  phagosom es o f o u te r  segm ent m a te r ia l  

w e re  p re s e n t w i t h in  th e  a p ic a l  c y to p la s m . In  common w ith  th e  

n o rm a l a p p e a ra n c e  o f th e  c e l l ,  th e  b a s a l in fo ld in g s  w ere  p re s e n t 

w ith  t h e i r  a s s o c ia te d  m ito c h o n d r ia .  H ow eve r, th e  m ito c h o n d r ia  

w e re  s l ig h t ly  s m a lle r  a nd  d e n s e r th a n  n o rm a l.  The ju n c t io n a l

com p lexes  w ere  in t a c t  a n d  p a r t i c u la r l y  p ro m in e n t due  to  th e  

l i g h t  s ta in in g  o f th e  c e lls  c y to p la s m  ( F ig .  5 .8 0 ) .  th e  in c re a s e d
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c e l l  s ize  w as p r o b a b ly  due to  th e  n u c le a r  s w e ll in g  a n d  d is te n s io n ,  

o r  an  in c re a s e  in  th e  am oun t o f sm ooth e n d o p la s m ic  re t ic u lu m .  

The s u r ro u n d in g  r e t in a l  a n d  c h o r o id a l t is s u e s  w e re  u n re m a rk a b le .

5 . 5.4 Group 1; 4 Days Recovery.

The a p p e a ra n c e s  o f th e  t is s u e s  fro m  the se  a n im a ls  ca n  

be d iv id e d  in to  th re e  g ro u p s : 1. b lo c k s  sh o w in g  r a p id  t r a n s i t io n

fro m  l i g h t l y  to  s e v e re ly  dam aged  t is s u e  (a n im a l 1 /4 D /1 , b lo c k s  

A2, B2 a n d  D 3 ). 2 . b lo c k s  s h o w in g  u n i fo r m ly  seve re  dam age

(a n im a l 1 /4D /1  b lo c k  C2 a n d  a n im a l 1/4D /2 b lo c k s  B2 a n d  C 2 ). 

3 . b lo c k s  sh o w in g  n o rm a l o r  n e a r  n o rm a l m o rp h o lo g y  (a n im a l 

1 /4 D /2  b lo c k s  A2 a n d  D l ) . I t  w as n o te d  th a t  th e  deg ree  o f 

dam age  e x h ib ite d  b y  a b lo c k  m a tched  w e ll  th e  re g io n  o f th e  

le s io n  fro m  w h ic h  i t  w as ta k e n  ( F ig .  5 .3 ) .

In  re g io n s  o f r a p id  t r a n s i t io n  fro m  l i g h t l y  to  s e v e re ly  

d am aged  t is s u e ,  m any o f th e  p a t te rn s  o f dam age seen th r o u g h 

o u t th e  le s io n  w e re  p re s e n t w i t h in  th e  one b lo c k .  F o r e x a m p le , 

f ig u r e s  5 .8 1 , 5 .82  a n d  5 .8 3  show f ie ld s  ta k e n  fro m  a d ja c e n t 100

mesh g r id  s q u a re s . The d is ta n c e  be tw een  these  f ie ld s  w as 

a ro u n d  300pm. A t th e  o u te r  edges o f th e  le s io n  th e  o n ly  s ig n s  

o f dam age w e re  s l ig h t  i r r e g u la r i t ie s  in  th e  d is c  s ta c k in g  o f 

th e  ro d  a n d  cone o u te r  segm en ts . W ith in  th e  p ig m e n t e p ith e liu m  

ro u n d in g  o f th e  n u c le i a n d  an  in c re a s e  in  th e  e le c tro n  d e n s ity  

o f th e  m ito c h o n d r ia  w e re  th e  o n ly  a b n o rm a lit ie s  ( F ig .  5 -8 1 ) .  

As th e  le s io n  w as a p p ro a c h e d  th e re  w as a s t r i k in g  lo ss  o f p h o to 

re c e p to r  c e lls  ( F ig .  5 . 8 2 ) .  Once a g a in  M u lle r  c e lls  h a d  in v a d e d  

th e  o u te r  n u c le a r  la y e r ,  f i l l i n g  th e  space  once o c c u p ie d  b y  

re c e p to r  c e lls  ( F ig .  5 .8 2 ) .  A t th e  edge o f th e  le s io n ,  th e  s ize  

o f th e  in d iv id u a l  p ig m e n t e p i t h e l ia l  c e lls  in c re a s e d  m a rk e d ly .  

These c e lls  o fte n  show ed e x te n s io n  o f t h e i r  c y to p la s m  a lo n g
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B ru c h 's  m em brane to w a rd s  th e  c e n tre  o f th e  le s io n  ( F ig .  5 .8 2 ) .

Im m e d ia te ly  w i t h in  th e  edge o f th e  le s io n ,  th e  d e g e n e ra t iv e  

p h o to re c e p to r  c e lls  a n d  p ig m e n t e p i t h e l ia l  c e lls  w e re  s im i la r  

in  a p p e a ra n c e  to  th e  s e v e re ly  dam aged  re g io n s  seen a f te r  tw e n ty -  

fo u r  a n d  f o r t y - e ig h t  h o u rs  o f re c o v e ry .  V a c u o la t io n  a nd  

d e g e n e ra tio n  w e re  s t i l l  o c c u r r in g  w i t h in  th e  in n e r  a nd  o u te r  

n u c le a r  la y e r s .  C o n s id e ra b le  q u a n t i t ie s  o f p h o to re c e p to r  a nd  

p ig m e n t e p i t h e l ia l  c e l l  d e b r is  w e re  p re s e n t ( F ig .  5 .8 3 ) .  Below  

th e  d e g e n e ra te  p ig m e n t e p ith e l iu m  lo n g  c y to p la s m ic  p rocesses  

w e re  seen e x te n d in g  a lo n g  B ru c h 's  m em brane (F ig s .  5 .83  a n d

5 .8 4 ) .  I t  w as th o u g h t  t h a t  these  p rocesses w e re  e x te n s io n s  o f 

th e  v ia b le  p ig m e n t e p ith e liu m  a t th e  edge o f th e  le s io n .  Below  

th e  s e v e re ly  dam aged  r e t in a ,  a t  th e  edges o f th e  le s io n ,  num erous  

m o n o n u c le a r c e l ls  w e re  p re s e n t w i t h in ,  a n d  e x te r n a l to ,  th e  

c h o r io c a p i l la r is  ( F ig . 5 .8 3 ) .

In  one o f th e  t is s u e  b lo c k s  e xa m in e d  (a n im a l 1 /4 D /1 , 

b lo c k  D 3 ), th e re  w a s , p e r ip h e r a l  to  th e  s e v e re ly  dam aged  t is s u e ,  

an  a re a  o f r e t in a  s h o w in g  c o n s id e ra b le  p h o to re c e p to r  lo ss  ( F ig .

5 .8 5 ) .  W ith in  th is  b lo c k ,  th e  r e p a i r  o f th e  dam aged  t is s u e  was 

w e l l  a d v a n c e d . D e g en e ra te  re c e p to r  c e lls  w e re  p re s e n t a lth o u g h  

few  in  n u m b e r. T here  w as l i t t l e ,  i f  a n y ,  p h o to re c e p to r  d e b r is  

seen w i t h in ,  o r  b e lo w , th e  o u te r  n u c le a r  la y e r .  As in  o th e r  

re g io n s  o f r e t in a ,  p r e v io u s ly  d e s c r ib e d , re p la c e m e n t o f re c e p to r  

c e l ls  b y  M u lle r  c e l l  c y to p la s m  h a d  o c c u rre d  th ro u g h o u t  th e  o u te r  

n u c le a r  la y e r .  Once a g a in  M u lle r  c e l l  n u c le i w ere  p re s e n t w i t h in  

w h a t re m a in e d  th e  o u te r  n u c le a r  la y e r .  The s u r v iv in g  p h o to 

re c e p to rs  show ed a c o n s id e ra b le  re d u c t io n  in  th e  le n g th  o f t h e i r  

in n e r  a n d  o u te r  segm en ts . T h is  a p p e a ra n c e  m ay h a v e  been d u e , 

in  p a r t ,  to  la c k  o f o r ie n ta t io n  o f th e  in n e r  a n d  o u te r  segm ents 

( F ig .  5 .8 6 ) .  The lo s s  o f re c e p to r  c e lls  w as re f le c te d  w i t h in
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th e  o u te r  p le x ifo rm  la y e r ,  w h e re  th e re  w as a c o n s id e ra b le  

re d u c t io n  in  th e  n u m b e r o f re c e p to r  c e l l  syn a p se s  ( F ig . 5 .8 5 ) .

The re m a in d e r  o f th e  r e t in a ,  th e  in n e r  la y e rs  o f th e  r e t in a  a n d  

th e  p ig m e n t e p ith e l iu m ,  w e re  n o rm a l in  a p p e a ra n c e , as w as th e  

c h o ro id .

W ith in  th e  le s io n s ,  th e  r e t in a  a n d  th e  c h o ro id  show ed 

u n ifo rm ,  severe  d am ag e . T h is  s e v e re ly  dam aged  t is s u e  c o u ld  

be d iv id e d  in to  tw o  c a te g o r ie s .  1. T issue  ta k e n  fro m  w i t h in  

th e  la r g e  le s io n  seen in  a n im a l 1 /4D /1  show ing  l i t t l e  e v id e n c e  

o f re c o v e ry .  These b lo c k s  w e re  s im i la r  in  a p p e a ra n c e  to  some 

o f th e  s e v e re ly  dam aged  t is s u e  e x a m in e d  a f te r  24 h o u rs  re c o v e ry  

( F ig .  5 .8 7 ) .  2 . T is s u e  ta k e n  fro m  w i t h in  th e  s m a lle r  le s io n

in  a n im a l 1 /4 D /1 . W ith in  th is  t is s u e ,  p h a g o c y t ic  c e lls  w e re  

e x tre m e ly  common ( F ig . 5 .8 8 ) .  These d i f fe r e n t  a p p e a ra n c e s  w ere  

th o u g h t  to  be re la te d  to  th e  p a te n c y  o f th e  c h o r o id a l v e s s e ls . 

W ith in  th e  la r g e r  le s io n  th e  c h o r io c a p i l la r is  w as o c c lu d e d  b y  

f i b r i n .  The d ee p e r v e s s e ls  w e re  f i l l e d  w ith  im p a c te d  re d  c e lls  

( F ig .  5 .8 7 ) .  W ith in  th e  s m a lle r  le s io n ,  a n d  to w a rd  th e  edges 

o f th e  la r g e r  le s io n ,  th e  v e s s e ls  o f th e  c h o r io c a p i l la r is  w e re  

f i l l e d  w ith  m o n o n u c le a r c e l ls  ( F ig . 5 .8 8 ) .  I f ,  as w as th o u g h t ,  

these  c e lls  w e re  m o n ocy te s , th e y  c o u ld  be th e  source  o f th e  m a cro 

p h a g e s  seen w i t h in  th e  d am aged  r e t in a l  t is s u e s .  A f te r  some 

o f th e  e a r l ie r  re c o v e ry  p e r io d s  (24 a nd  48 h o u rs )  m o n o n u c le a r 

c e lls  h a d  been seen w i t h in  th e  s t r u c tu re  o f B ru c h 's  m em brane . 

I n  a fo r tu i to u s  s e c tio n  o f th e  t is s u e  fro m  a n im a l 1 /4 D /2  one o f 

these  c e lls  w as seen e x te n d in g  th ro u g h  a l l  th e  la y e rs  o f B ru c h 's  

m em brane ( F ig . 5 .8 9 ) .  The tw o  d i f fe r e n t  a p p e a ra n c e s  o f th e

s e v e re ly  dam aged  r e t in a  stemmed fro m  th e  deg re e  o f in f la m m a to ry  

c e l l  in v a s io n .  T h is  in  t u r n  w o u ld  be re la te d  to  th e  a c c e s s ib i l i t y
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o f th e  dam aged  t is s u e  to  in f la m m a to ry  c e l ls .  Access to  th e  

dam aged  t is s u e  w o u ld  be p ro m o te d  b y  a p a te n t  c h o r o id a l c i r c u la 

t io n  a nd  in h ib i te d  b y  o c c lu s io n  o f th e  c h o ro id a l v e s s e ls .

In  th e  r e t in a l  t is s u e s  w e ll  rem oved  fro m  th e  v is ib le  le s io n s  

(a n im a l 1 /4 D /2 , b lo c k  D2) a b n o rm a lit ie s  in  s t r u c tu r e  w e re  l im ite d  

to  th e  o u te r  segm ents ( F ig . 5 .9 0 ) .  The d is tu rb a n c e s  o f d is c

s ta c k in g  in  th e  ro d s  w as m ore seve re  in  th e  d is t a l  re g io n s  o f 

th e  o u te r  segm en t. The cone c e lls  a p p e a re d  to  la c k  o u te r  

segm en ts . T h e ir  in n e r  segm ents w ere  s w o lle n  a n d  e x te n d e d  to  

th e  p ig m e n t e p ith e liu m  ( F ig .  5 .9 0 ) .  H ow eve r, some cone c e l l  

o u te r  segm ent m a te r ia l  c o u ld  be id e n t i f ie d  a t  th e  le v e l o f th e  

p ig m e n t e p ith e liu m .  T h is  m a te r ia l  w as id e n t i f ie d  as b e lo n g in g  

to  cone c e lls  because  o f tw o  re a s o n s : i t s  deep p e n e tra t io n

in to  th e  p ig m e n t e p ith e l iu m ,  a n d  th e  num erous  e n s h e a th in g  p ig 

m ent e p i t h e l ia l  p ro ce sse s . These c h a r a c te r is t ic s  a re  t y p ic a l  

o f cone o u te r  segm en ts . The re m a in d e r  o f t h is  t is s u e  w as n o rm a l 

in  a p p e a ra n c e .

5 . 5 .5  G roup  1; 1 , 2 a n d  4 Weeks R e co ve ry .

These th re e  re c o v e ry  p e r io d s  w ere  d e s c r ib e d  to g e th e r  

in  th e  s e c tio n  on t h e i r  l i g h t  m ic ro s c o p ic  a p p e a ra n c e . T h is  

a p p ro a c h  w i l l  be a d o p te d  h e re  as th e  t is s u e s  fro m  these  th re e  

re c o v e ry  p e r io d s  w e re  fo u n d  to  h a v e  m uch in  common.

F iv e  o f the se  s ix  a n im a ls  h a d  le s io n s  o f th e  r e t in a  w h ic h  

w e re  seen d u r in g  d is s e c t io n .  The e x c e p tio n  w as a n im a l l / l W / 2  

in  w h ic h  no le s io n  w as v is ib le .  The t is s u e  e x a m in e d  fro m  th is  

a n im a l a p p e a re d  n o rm a l b y  b o th  l i g h t  m ic ro s c o p y  b u t  some p ig 

m ent e p i t h e l ia l  d is tu rb a n c e s  w ere  seen b y  e le c tro n  m ic ro s c o p y . 

The a p p e a ra n c e  o f th e se  t is s u e s  w i l l  be d e s c r ib e d  la t e r .

1 2 0



I n  a l l  th e  t is s u e  e x a m in e d  b y  e le c tro n  m ic ro s c o p y  no 

e x t r a c e l lu la r  c e l l  d e b r is  w as seen. H ow ever, m any c e lls  c o n ta in 

ed phagosom es o r  s e c o n d a ry  lyso so m es .

The a p p e a ra n c e  o f th e  t is s u e s  w i l l  be d e s c r ib e d  u n d e r  

th re e  m a in  h e a d in g s .  1. A re as  sh o w in g  com p le te  lo s s  o f re c e p to r

c e l ls  a n d  p ig m e n t e p i t h e l ia l  c e l ls .  2 . A re a s  s h o w in g  p a r t i a l  

lo ss  o f p h o to re c e p to r  c e l ls .  3* A re as  sh o w in g  p ig m e n t e p i t h e l ia l  

p r o l i f e r a t io n  o r a ty p ic a l  m a c ro p h a g e s .

A re a s  s h o w in g  com p le te  lo s s  o f p h o to re c e p to r  c e lls  a n d

p ig m e n t e p i t h e l ia l  c e lls  w e re  e n c o u n te re d  in  a n im a ls  1 / lW / l ,  

1 /2 W /1 , 1 /2 W /2 , a n d  1 /4 W /2 . The lo ss  o f th e  p h o to re c e p to r  c e l ls

a n d  p ig m e n t e p i t h e l ia l  c e lls  d id  n o t u n d u ly  a f fe c t  th e  s t r u c tu re  

o f th e  in n e r  r e t in a  ( F ig .  5 .9 1 ) .  H ow ever, some lo s s  o f ,  a nd

th ic k e n in g  o f ,  c e l l  p rocesses  w i t h in  th e  in n e r  p le x ifo rm  la y e r  

w as p re s e n t.  The a b s e n t p h o to re c e p to r  c e lls  a n d  p ig m e n t

e p i t h e l ia l  c e lls  w e re  re p la c e d  b y  M ü lle r  c e l ls '  c y to p la s m  w h ic h  

came in to  d ir e c t  c o n ta c t  w ith  B ru c h 's  m em brane ( F ig .  5 .9 1 ) .  

The M ü lle r  c e l ls '  c y to p la s m  im m e d ia te ly  above  B ru c h 's  m em brane 

w as h ig h ly  c o n v o lu te d  a n d  fo rm e d  num erous  in t e r d ig i t a t in g  

p ro ce sse s . These p rocesses  c o n ta in e d  s c a tte re d  s m a ll m ito 

c h o n d r ia ,  a n d  o c c a s io n a lly  c is te rn a e  o f ro u g h  e n d o p la s m ic  

re t ic u lu m  ( F ig . 5 .9 2 ) .  P ig m e n t la d e n  c e lls  w e re  fo u n d  n e a r

to  B ru c h 's  m em brane ( F ig .  5 .9 2 a ) . These c e lls  w e re  th o u g h t

to  be m a c ro p h a g e s , r a th e r  th a n  s u r v iv in g  p ig m e n t e p ith e l iu m ,

as th e  m e la n in  g ra n u le s  w i t h in  t h e i r  c y to p la s m  a p p e a re d  to  be

u n d e rg o in g  d e g ra d a t io n .  A ls o , c e lls  o f th is  ty p e  w e re  n o t seen 

in  in t im a te  a s s o c ia t io n  w ith  B ru c h 's  m em brane as w o u ld  be 

e x p e c te d  o f p ig m e n t e p i t h e l ia l  c e lls  ( F ig . 5 .9 0 a ).

B ru c h 's  m em brane a n d  th e  c h o ro id  in  these  re g io n s  w ere  

a t y p ic a l .  T h e re  w as o fte n  c o n s id e ra b le  th ic k e n in g  o f B ru c h 's
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m em brane . T h is  a p p e a re d  to  be due to  a m a rk e d  in c re a s e  in  

th e  am oun t o f c o lla g e n  p re s e n t ( F ig . 5 .9 2 a ) .  T h is  in c re a s e  in  

c o lla g e n  c o n te n t w as a ls o  p re s e n t w i t h in  th e  in n e r  la y e rs  o f 

th e  c h o ro id  ( F ig .  5 .9 2 b ) . W ith in  th is  t is s u e ,  a n d  in  t is s u e  

e x a m in e d  a f te r  s h o r te r  re c o v e ry  p e r io d s ,  c e lls  w ere  seen w i t h in  

th e  s t r u c tu re  o f B ru c h 's  m em brane . T y p ic a l ly ,  th e se  c e lls  w e re  

m o n o n u c le a r a n d  h a d  s c a n t c y to p la s m , w h ic h  c o n ta in e d  some o f 

th e  o rg a n e lle s  a nd  in c lu s io n  b o d ie s  c h a r a c te r is t ic  o f m onocy tes . 

H o w e ve r, a f te r  th e  lo n g e r  re c o v e ry  p e r io d s ,  c e lls  w ith  more

c o p io u s  c y to p la s m  w h ic h  c o n ta in e d  m e la n in  g ra n u le s  a n d  p o s s ib ly  

s e c o n d a ry  lysosom es w e re  e n c o u n te re d  w i t h in  th e  s t r u c tu r e  o f

B ru c h 's  m em brane ( F ig . 5 .9 2 b ) .

V e ry  o c c a s io n a lly ,  lo ss  o f c e l lu la r  com ponents  e x te n d e d  

b e yo n d  th e  re c e p to r  a nd  p ig m e n t e p i th e l ia l  c e l ls .  In  some 

in s ta n c e s  th e re  w as co m p le te  lo ss  o f re c o g n is a b le  r e t in a l  com

p o n e n ts  a p a r t  fro m  g a n g lio n  c e lls  ( F ig .  5 .9 3 ) .  T h is  t is s u e

a p p e a re d  to  be com posed o f h ig h ly  d is o rg a n is e d  M u lle r  c e lls  a nd  

la r g e  p ig m e n t- la d e n  m a c ro p h a g e s  ( F ig .  5 .9 3 ) .  As in  th e  re g io n s  

o f p h o to re c e p to r  a nd  p ig m e n t e p i t h e l ia l  c e l l  lo ss  a lr e a d y  d e s c r ib e d  

th ic k e n in g  o f B ru c h 's  m em brane w as common. As in  th e  o th e r  

a re a s , p ig m e n te d  c e l ls  w e re  fo u n d  w i t h in  th e  s t r u c tu r e  o f B ru c h 's  

m em brane . The c h o ro id  in  th e se  re g io n s  o f g l io t ic  r e t in a  

f r e q u e n t ly  show ed a m a rk e d  in c re a s e  in  th e  a m oun t o f c o lla g e n  

p re s e n t.  In  such  re g io n s  th e re  w as a ls o  a re d u c t io n  in  b o th  

th e  s iz e , a n d  o c c u rre n c e , o f th e  ve sse ls  o f th e  c h o r io c a p i l la r is  

( F ig s .  5 .9 3  a nd  5 .9 4 ) .

R eg ions s h o w in g  re d u c e d  o c c u rre n c e  o f p h o to re c e p to r  c e lls  

w e re  e n c o u n te re d  in  a l l  a n im a ls  e x a m in e d  1, 2 a n d  4 w eeks a f te r  

e x p o s u re , w ith  th e  e x c e p tio n  o f a n im a l 1 / lW / l .  The deg re e  o f
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p h o to re c e p to r  lo s s  w as h ig h ly  v a r ia b le  r a n g in g  fro m  a s l ig h t  

to  n e a r  com p le te  lo s s .  I t  becam e a p p a re n t th a t  p h o to re c e p to rs  

w e re  o n ly  fo u n d  in  re g io n s  w h e re  th e  p ig m e n t e p ith e liu m  h a d  

s u rv iv e d  ( F ig .  5 .9 5 ) .  F o u r w eeks a f te r  e x p o s u re  p h o to re c e p to r  

c e lls  s h o w in g  re c o g n is a b le  in n e r  a n d  o u te r  segm ents w e re  o n ly  

fo u n d  in  c o n ju n c t io n  w ith  p ig m e n t e p ith e liu m  c e l ls .  R eg ions 

o f a s im i la r  a p p e a ra n c e  w e re  seen as e a r ly  as fo u r  d a y s  a f te r  

th e  l i g h t  e x p o s u re  (see F ig .  5 .8 5 ) .  H o w e ve r, fo u r  d a y s  a f te r

e x p o s u re  th e  re g e n e ra t io n  o f th e  p h o to re c e p to r  in n e r  a nd  o u te r

segm ents w as le s s  a d v a n c e d . F o u r w eeks a f te r  e x p o s u re , p h o to 

re c e p to r  c e lls  w h ic h  w e re  th o u g h t  to  h a ve  s u ffe re d  a s im i la r  

d e g re e  o f dam age  h a d  re c o g n is a b le  in n e r  a n d  o u te r  segm ents 

be lo w  a w e ll  o rg a n is e d  o u te r  l im i t in g  m em brane ( F ig . 5 .9 6 a  a nd  

b ) .  The tw o  re g io n s  co m p a red  w ere  th o u g h t to  h a v e  s u ffe re d  

a s im i la r  deg ree  o f dam age as in  b o th  th e  in n e r  r e t in a ,  th e  

c h o ro id ,  th e  c h o r io c a p i l la r is ,  a n d  th e  p ig m e n t e p ith e liu m  w ere

a l l  o f . s im i la r . : :  a p p e a ra n c e . Dam age w as r e s t r ic te d  to  th e

re c e p to r  c e l ls ,  w h ic h ,  in  b o th  cases h a d  been so re d u c e d  in  

n u m b e r as to  c o m p ris e  a la y e r  o f o n ly  one o r  tw o  n u c le i w i t h in  

th e  o u te r  n u c le a r  la y e r .

M a c ro p h a g e s  w e re  f i r s t  seen in  th e  in te rp h o to re c e p to r  

space  24 to  48 h o u rs  a f te r  th e  l i g h t  e x p o s u re . T h ey  w e re  a 

common f in d in g  b y  th e  fo u r th  d a y  a f te r  e x p o s u re . A f te r  th e  

lo n g e r  re c o v e ry  p e r io d s  (1 , 2 a n d  4 w eeks) m a c ro p h a g e s  w ere

o fte n  seen in  a re a s  w h ic h  h a d  s u ffe re d  e x te n s iv e  lo ss  o f r e t in a l  

e le m e n ts . These m a cro p h a g e s  w e re  e x tre m e ly  la r g e  a n d  p a c k e d  

w ith  m e la n in  ( F ig .  5 .9 3 ) .

R eg ions o f p ig m e n t e p i t h e l ia l  p r o l i f e r a t io n  o r  a ty p ic a l  

m a c ro p h a g e s  w ere  o fte n  a s s o c ia te d  w ith  s l ig h t  d e ta c h m e n t o f 

th e  n e u ra l r e t in a .  Some o f these  a re a s  w e re  th o u g h t ,  on
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i n i t i a l  e x a m in a t io n  b y  l i g h t  m ic ro s c o p y , to  show p ig m e n t

e p i th e l ia l  p r o l i f e r a t io n  ( F ig . 5 .3 5 ) .  E x a m in a t io n  b y  e le c tro n

m ic ro s c o p y , h o w e v e r, f a i le d  to  s u p p o r t  th is  im p re s s io n . E x a m in a 

t io n  o f b lo c k  A3 fro m  a n im a l l / lW / 2  b y  e le c tro n  m ic ro s c o p y  ( l i g h t  

m ic ro g ra p h  F ig . 5 .3 5 ) a llo w e d  th e  m a jo r i t y  o f th e  c e l ls  p re s e n t

b e lo w  th e  n e u ra l r e t in a  to  be id e n t i f ie d  as m a c ro p h a g e s . These 

m a c ro p h a g e s  la y  in n e r  to  a la y e r  o f a ty p ic a l  p ig m e n t e p i t h e l ia l

c e l ls  ( F ig . 5 . 9 7 ) .  I t  w as th o u g h t  th a t  these  c e lls  w e re  t ru e

m a c ro p h a g e s  o f haem otogenous o r ig in  as some d id  n o t c o n ta in  

a n y  m e la n in .  A ls o , c e lls  o f a s im i la r  a p p e a ra n c e  c o u ld  be 

id e n t i f ie d  w i t h in  th e  c h o ro id  a n d  B ru c h 's  m em brane ( F ig . 5 *9 8 ). 

The r e t in a  a d ja c e n t to  these  a c c u m u la tio n s  o f m a c ro p h a g e s  show ed 

o n ly  s l ig h t  a b n o rm a lit ie s  o f th e  re c e p to r  c e l l  o u te r  segm ents 

( F ig .  5 . 9 7 ) .  The c h o ro id  a n d  th e  c h o r io c a p i l la r is  b e low  these  

re g io n s  o f m a c ro p h a g e  a g g re g a t io n  c o n ta in e d  a few  s c a tte re d

m o n o n u c le a r c e l ls  a n d  m a c ro p h a g e s . B ru c h 's  m em brane w as 

s l i g h t l y  th ic k e n e d  a n d  c o n ta in e d  a few  c e lls  (F ig s .  5 .9 7  a n d

5 . 9 8 ) .

The o th e r  re g io n  o f su sp e c te d  p ig m e n t e p i t h e l ia l  p r o l i f e r a 

t io n ,  b lo c k  C2 fro m  a n im a l 1 /4 W /2 , ( l i g h t  m ic ro g ra p h  F ig . 5 .3 6 ) 

w as a g a in  a s s o c ia te d  w ith  a s l ig h t  d e ta ch m e n t o f th e  n e u ra l 

r e t in a .  U n lik e  th e  a re a  a lr e a d y  d e s c r ib e d , b lo c k  A3 a n im a l 

l / lW / 2 ,  lo ss  o f p h o to re c e p to r  c e lls  w as e v id e n t  ( F ig . 5 .9 9 ) .

The p ig m e n te d  c e lls  seen b y  l i g h t  m ic ro s c o p y  w e re  id e n t i f ie d  

as p ig m e n t la d e n  m a c ro p h a g e s . The re m a in d e r  o f th e  c e lls  fo rm 

in g  th is  a re a  o f " p r o l i f e r a t io n "  w e re  th o u g h t to  be M u lle r  c e lls  

( F ig .  5 . 100 ) .  T h e ir  n u c le a r  shape  a n d  c h ro m a tin  p a t te r n ,  a n d  

th e i r  c y to p la s m ic  o rg a n e lle s  w e re  v e ry  s im i la r  to  th e  c e lls  

id e n t i f ie d  as M u lle r  c e lls  w h ic h  h a d  m ig ra te d  in to  th e  o u te r
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r e t in a  as seen in  F ig u re s  5 .8 2 , 5 .8 5 , 5 .91 a n d  5 .9 2 .

D ia g ra m m a tic  sum m a rie s  o f th e  f in d in g s  fo r  each  t is s u e  

b lo c k  e x a m in e d  in  th e  a n im a ls  exposed  to  b o th  th e  lo w e r a n d  

h ig h e r  in te n s i t y  a re  g iv e n  in  f ig u r e s  5 .101 a n d  5 .1 0 2 .
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5 . 6  D IS C U S S IO N

The a b i l i t y  o f th e  r e t in a  to  re c o v e ry  a f te r  a d a m a g in g

l i g h t  e x p o s u re  is  o f o b v io u s  im p o r ta n c e . T h is  is  e s p e c ia l ly  

t r u e  w hen  th e  le v e ls  o f i l lu m in a t io n  p ro d u c e d  b y  some m odern  

d ia g n o s t ic  in s tru m e n ts  a re  c o n s id e re d  ( F ig .  5 .1 0 3 ) .  In  C h a p te r  

F o u r i t  w as show n t h a t  th e  d e g re e  o f dam age s u ffe re d  b y  th e

r e t in a l  a n d  c h o r o id a l t is s u e s  w as re la te d  to  th e  in te n s i t y  o f 

l i g h t  to  w h ic h  th e  eye w as e xpo se d . The deg re e  o f re c o v e ry

show n b y  th e  r e t in a l  a n d  c h o r o id a l t is s u e s  w as l i k e l y  to  be 

re la te d  to  b o th  th e  in t e n s i t y  o f th e  l i g h t  to  w h ic h  th e  eye w as

e xp o se d , a n d  to  th e  le n g th  o f t im e  fo r  w h ic h  th e  re c o v e ry  p ro c e s s 

es w ere  a c t iv e .

To assess th e  e ffe c ts  o f these  v a r ia b le s ,  l i g h t  in te n s i t y  

a n d  re c o v e ry  p e r io d ,  tw o  s e r ie s  o f r a b b i t s  w e re  exposed  to  one 

o r  o th e r  o f th e  tw o  h ig h e s t  l i g h t  in te n s i t ie s .  The tw o  l i g h t  

in te n s it ie s  em p loyed  h a d  a lr e a d y  been show n to  p ro d u c e  r e t in a l  

dam age . In  th e  case o f th e  h ig h e r  l i g h t  in t e n s i t y  c h o r o id a l 

dam age w as a ls o  e x p e c te d . R e t in a l a n d  c h o r o id a l t is s u e s  ta k e n  

fro m  th e  ra b b its  in  b o th  s e r ie s  w e re  th e n  e x a m in e d , b y  l i g h t

a n d  e le c tro n  m ic ro s c o p y , a t v a r io u s  p e r io d s  a f te r  th e  l i g h t

e x p o s u re  (6 h o u rs ,  24 h o u rs ,  48 h o u rs ,  4 d a y s ,  1 w e e k , 2 w e e ks , 

o r  4 w e e k s ).

As w as d is c u s s e d  in  C h a p te r  4 , th e  v a r ia t io n  o f dam age 

seen , even  w i t h in  one e ye , w as c o n s id e ra b le .  H ow eve r, th e  

p ro b le m  o f t is s u e  s e le c tio n  w as s im p l i f ie d  due  to  th e  v i s i b i l i t y  

o f le s io n s  o f th e  r e t in a  d u r in g  d is s e c t io n .  These le s io n s  w e re  

seen in  f iv e  o u t o f th e  fo u r te e n  a n im a ls  in  th e  lo w e r l i g h t

in te n s i t y  g ro u p  a n d  th i r te e n  o u t o f th e  fo u r te e n  a n im a ls  in  th e  

h ig h e r  l i g h t  in t e n s i t y  g ro u p .  In  eyes h a v in g  v is ib le  le s io n s .

126



t is s u e  b lo c k s  w ere  se le c te d  fro m  a re a s  w i t h in  a n d  a ro u n d  th e

le s io n .  In  eyes w h e re  no le s io n  w as v is ib le ,  th e  b lo c k s  e x a m in 

ed w e re  se le c te d  ra n d o m ly  fro m  w i t h in  th e  p r e v io u s ly  i l lu m in a te d  

a re a .

As a lr e a d y  d is c u s s e d  in  C h a p te r 4, i l lu m in a t io n  o f th e  

r e t in a l  a n d  c h o r o id a l t is s u e s  m ust r e s u l t  in  s l ig h t  te m p e ra tu re  

in c re a s e s . In  s tu d ie s  e m p lo y in g  la s e rs  o r  p h o to c o a g u la to rs , 

p r e —e x p o s u re  fu n d u s  o r  b o d y  te m p e ra tu re  has  been fo u n d  to  be 

re la te d  to  th e  th re s h o ld  fo r  p ro d u c t io n  o f a r e t in a l  le s io n  (W ard  

a n d  B ru c e , 1971a; W ard  a n d  B ru c e , 1971b; P o lham us  a nd  W e lch , 

1975). T h is  e ffe c t is  r e la te d  to  th e  am oun t o f e n e rg y  re q u ir e d

to  ra is e  th e  r e t in a l  te m p e ra tu re  s u f f ic ie n t ly  fo r  th e rm a l dam age 

to  o c c u r .  The am oun t o f e n e rg y  re q u ir e d  w o u ld  be d e crea se d  

a t  h ig h  b o d y  te m p e ra tu re s  a n d  in c re a s e d  a t  lo w e r  b o d y  

te m p e ra tu re s . I n  t h is  re s p e c t th e  e ffe c t a p p e a rs  to  be p u r e ly  

p h y s ic a l .

I n  th e  lo n g  te rm  e x p e r im e n ts  o f N oe l, W a lk e r ,  K ang  a n d  

B erm an (1 9 6 6 ); F r ie d m a n  a n d  K u w a b a ra  (1 9 68 ); G r ig o lo  , 

O rz a le s i a n d  V ito n e  (1969) a n d  H annson  (1970a) e le v a te d  b o d y  

te m p e ra tu re  d u r in g  th e  l i g h t  e x p o s u re  in c re a s e d  th e  ra te  o f

a p p e a ra n c e , a n d  th e  e x te n t o f th e  r e t in a l  dam age .

M any in v e s t ig a to r s  h a v e  su g g e s te d  th a t  l i g h t  dam age 

is  s e p a ra te  fro m  th e rm a l dam age  because  th e  l i g h t  le v e ls  a re  

s im p ly  too  lo w  to  cause  d é n a tu ra t io n  o f  r e t in a l  p ro te in s .  

K u w a b a ra  a n d  G orn (1968) show ed no a p p re c ia b le  in c re a s e  in  

r e t in a l  te m p e ra tu re  e le v a t io n  u n d e r  1, OOOf t - c  o f i l lu m in a t io n :

l i g h t  dam age b e in g  p ro d u c e d  b y  e x p o s u re  to  7 5 0 ft-c  in  t h e i r  

s tu d y .  H a rw e rth  a n d  S p e r l in g  (1971 ) p ro d u c e d  b e h a v io r a l 

s e n s i t i v i t y  s h i f ts  a t  p ow e r le v e ls  as lo w  as one th o s a n d th  th e  

le v e l re p o r te d  b y  Ham, W il l ia m s ,  M u e lle r ,  G u e rry ,  C la rk e  a nd
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G eerae tes (1966) fo r  th e rm a l dam ag e , o r  fo r  p ig m e n t e p i t h e l ia l  

dam age as re p o r te d  b y  F r ie d m a n  a n d  K u w a b a ra  (1 9 68 ),

The p r im a r y  s ite  o f th e rm a l dam age is  th e  p ig m e n t e p ith e 

l iu m  a n d  is  re la te d  to  th e  d e n s ity  o f m e la n in  g ra n u le s  p re s e n t 

(G eerae tes  a n d  R id g e w a y , 196-3; Ham , W ie s in g e r , S c h m id t, W il l ia m s ,  

R u f f in ,  S h a ffe r  a nd  G u e r ry ,  1958; L a p p in  a n d  C oogan , 1970). 

T h e rm a l dam age is  g re a te r  in  th e  m ore p ig m e n te d  a re a s  o f an  

in d iv id u a l  eye a n d  g re a te r  in  p ig m e n te d  eyes th a n  in  a lb in o  eyes 

(G e e rae tes , W il l ia m s ,  C h a n , Ham G u e rry  a n d  S c h m id t, 1962; 

G eerae ts  a n d  R id g e w a y , 1963; L a p p in  a n d  C oogan , 1970).

The dam age o b s e rv e d  in  th is  s tu d y  d id  n o t a p p e a r  to  

be re la te d  to  p ig m e n ta t io n ,  a n d  w as o f a h ig h ly  i r r e g u la r  n a tu re ,  

s im i la r  to  th a t  d e s c r ib e d  b y  L a w w il l  (1 9 7 3 ). A lth o u g h  h e a t re le a s e d  

b y  th e  a b s o rp t io n  o f l i g h t  c a n n o t be ru le d  o u t (see A p p e n d ix  

4) i t  seems m ore l i k e l y  t h a t  th e  dam age  o b s e rv e d  in  th is  s tu d y  

w as p ro d u c e d  b y  e x c e s s iv e  i l lu m in a t io n  r a th e r  th a n  h e a t in g .  

P o s s ib le  m echan ism s u n d e r ly in g  l i g h t  dam age h a v e  a lr e a d y  been 

d e s c r ib e d  in  C h a p te r  4.

Im m e d ia te ly  a f t e r  e x p o s u re , a n d  th ro u g h o u t th e  re c o v e ry  

p e r io d s ,  c e l l  dam age a n d  c e l l  lo ss  w as g re a te r  in  th e  h ig h e r  

l i g h t  in te n s i t y  g ro u p . In  th e  lo w e r  in te n s i t y  g ro u p  dam age w as 

m o s tly  r e s t r ic te d  to  th e  p h o to re c e p to rs  a n d  p ig m e n t.  Dam age to  

th e  in n e r  r e t in a  w as r a r e ,  b u t  i t  d id  o c c u r in  some o f th e  t is s u e s  

e x a m in e d  a f te r  th e  lo n g e r  re c o v e ry  p e r io d s  (one to  fo u r  w e e k s ). 

T h is  w i l l  be d is c u s s e d  la t e r .  The m ild e r  ch a n g e s  in  th e  a p p e a r

ance  o f th e  o u te r  r e t in a  w e re  in  g e n e ra l a g re e m e n t w ith  those  

re p o r te d  b y  K u w a b a ra  a n d  O k is a k a  (1 9 76 ), Ham, R u ffo lo , M u e lle r ,  

C la rk e  a n d  Moon (1 9 7 8 ), a n d  F u l le r ,  M achem er a n d  K n ig h to n  (1978) 

even  a lth o u g h  a c o n s id e ra b le  sp ec ies  d if fe re n c e  be tw een  m o n keys .
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used  in  th e  in v e s t ig a t io n s  c i te d ,  a n d  r a b b i t s ,  used  in  t h is  in v e s t 

ig a t io n ,  h a d  been e x p e c te d .

In  th e  g ro u p  exposed  to  th e  h ig h e r  l i g h t  in te n s i t y  s ix  

h o u rs ,  tw e n ty  fo u r  h o u rs  a n d  f o r t y  e ig h t  h o u rs  o f re c o v e ry  w e re  

a s s o c ia te d  w ith  e x te n s iv e  dam age to  th e  p h o to re c e p to rs  a n d  th e  

p ig m e n t e p ith e l iu m .  D u r in g  th e  re c o v e ry  p e r io d s  o f tw e n ty  fo u r  

a nd  f o r t y  e ig h t  h o u rs  d e g e n e ra t in g  c e lls  w e re  o b s e rv e d  w i t h in  

th e  in n e r  n u c le a r  la y e r .  U l t r a s t r u c t u r a l  ch an g es  in  th e  M u lle r  

c e lls  a nd  h o r iz o n ta l c e lls  o f hum an  r e t in a  h a v e  been re p o r te d  

b y  R a d n o t, J a b b a g y , H e sze ig e r a n d  L o va s  (1969 ). These ch a n g e s  

w ere  seen a t th e  end  o f a f o r t y  th re e  m in u te  e x p o s u re  to  l i g h t  

a n d  n o t a f te r  a n y  re c o v e ry  p e r io d .  In  t h is  s tu d y  th e  d e g e n e ra t in g  

c e l ls  in  th e  in n e r  n u c le a r  la y e r  seen w i t h in  f o r t y  e ig h t  h o u rs  

a f te r  e xp o s u re  to  th e  h ig h e r  in t e n s i t y  l i g h t ,  w e re  h o r iz o n ta l,  

b ip o la r  a n d  a m a c r in e  c e l ls .  The M u lle r  c e l ls  a p p e a re d  to  be 

s u r p r is in g ly  r e s is ta n t  to  d am ag e .

D u r in g  th e  e a r ly  s ta g e s  o f re c o v e ry ,  in  re g io n s  o f e x te n s iv e  

dam age to  th e  o u te r  r e t in a ,  M u lle r  c e lls  a p p e a re d  to  be p a r t i c u la r l y  

a c t iv e  in  th e  p rocesses  o f r e p a i r .  T h e ir  c y to p la s m  e x te n d e d  in tp  

th e  vo lu m e  once f i l l e d  b y  re c e p to r  c e l ls .  The M u lle r  c e l ls '  c y to 

p la s m  in  these  a re a s  c o n ta in e d  phagosom es o f re c e p to r  c e l l  m a te r ia l .  

T h is  e x p a n s io n  o f th e  M u lle r  c e l l  c y to p la s m  in to  th e  o u te r  n u c le a r  

la y e r  w as a s s o c ia te d  w ith  m ig ra t io n  o f th e  M u lle r  c e l ls '  n u c le i 

in to  th e  a re a  o f e x p a n d in g  c y to p la s m . The re a so n  fo r  th is  n u c le a r  

m ig ra t io n  is  n o t u n d e rs to o d . In  a re a s  o f e x te n s iv e  M u lle r  c e l l  

re p la c e m e n t, th e  M u lle r  c e lls  w e re  re s p o n s ib le  fo r  th e  p re s e rv a t io n  

o f th e  o u te r  l im i t in g  m em brane , w h ic h  s e p a ra te d  th e  d e g e n e ra t in g  

o u te r  r e t in a  fro m  th e  s u r v iv in g  in n e r  r e t in a .  V e ry  s im i la r  f in d in g s  

w e re  re p o r te d  b y  H ansson (1 9 7 0 a ). H ansson fo l lo w e d  th e  p a t te rn
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o f re c o v e ry  o f th e  r a t  r e t in a  fo l lo w in g  l i g h t  dam age  p ro d u c e d  

a t e le v a te d  b o d y  te m p e ra tu re . A f te r  tw o  weeks o f re c o v e ry ,  H ansson 

re p o r te d  t h a t ,  in  re g io n s  s h o w in g  co m p le te  lo ss  o f p h o to re c e p to rs  

a n d  p ig m e n t e p ith e l iu m ,  th e  M u lle r  c e lls  apposed  B ru c h 's  m em brane . 

S im ila r  re g io n s  w e re  seen in  th is  s tu d y  one w eek a f te r  e x p o s u re  

to  th e  h ig h e r  in t e n s i t y .  A f te r  lo n g e r  re c o v e ry  p e r io d s ,  M u lle r  

c e l l  c y to p la s m  w as fo u n d  to  e x te n d  th ro u g h  th e  o u te r  l im i t in g  

m em brane a nd  c o n ta c t th e  a p ic a l  s u r fa c e  o f th e  p ig m e n t e p ith e liu m .  

These re g io n s  o f M ü lle r  c e l l  a n d  p ig m e n t e p i t h e l ia l  c e l l  c o n ta c t 

w e re  o n ly  o b s e rv e d  in  re g io n s  o f s u r v iv in g  re c e p to r  c e l l  a n d  p ig 

m ent e p i t h e l ia l  c e l ls .  The M u lle r  c e l ls '  c y to p la s m  f i l l e d  th e  en

la rg e d  spaces be tw een  th e  d e c re a se d  num be rs  o f re c e p to r  c e l l  o u te r  

segm en ts , in  w h a t c o u ld  be te rm e d  th e  in t e r  p h o to re c e p to r  space . 

C om ple te  lo ss  o f th e  re c e p to r  c e l ls ,  a nd  fu s io n  o f th e  M u lle r  c e lls  

w ith  th e  p ig m e n t e p ith e l iu m ,  as d e s c r ib e d  b y  K u w a b a ra  a n d  G orn 

(1 9 6 8 ), w as n o t o b s e rv e d  in  th is  s tu d y .  The s u r v iv a l  o f re c e p to r  

c e lls  a p p e a re d  to  be in t im a te ly  a s s o c ia te d  w ith  th e  p re se n ce  o f 

v ia b le  p ig m e n t e p ith e l iu m .  The im p o r ta n c e  o f th e  r e t in a l  p ig m e n t 

e p ith e liu m  in  th e  m a in te n a n c e  o f , th e  r e t in a  has been s tre s s e d  

b y  M e ie r-R u g e  (1 9 6 9 ), S tra a ts m a , H a l l ,  A l la n  a n d  C r e s a te l l i  (1969) 

a n d  H ansson  (1970 a ) .

L a w w il l  (1973) in v e s t ig a te d  th e  e ffe c ts  on th e  r a b b i t  r e t in a  

o f fo u r  h o u r  e xp o s u re s  to  b o th  w h ite  l i g h t  (x e n o n  a rc )  a n d  a 

m o n o ch ro m a tic  sou rce  (a rg o n  la s e r ) .  In  L a w w i l l 's  s tu d y  th e  e ffe c ts  

o f th e  e xp o su re s  w ere  assessed b y  e le c t r o r e t in o g r a p h y , o p h th a lm o 

s c o p y , a n d  h is to p a th o lo g y . The t is s u e  e xa m in e d  h is t o lo g ic a l ly  

w as o b ta in e d  fro m  a n im a ls  k i l l e d  one to  fo u r  m on ths a f te r  e x p o su re , 

Dam age w as assessed on a s c a le  o f 0 to  4+, w ith  th e  r a t in g  d e te r 

m in e d  b y  th e  m ost se ve re  dam age  p re s e n t in  an  e ye . The c r i t e r ia  

used  b y  L a w w il l  a re  g iv e n  b e lo w .
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: m ild  oedema a n d  d is r u p t io n  o f th e  re c e p to r  c e l l  la y e r .

1+ : oedem a, d is r u p t io n  o f re c e p to r  c e l l  o u te r  segm ents a nd

e a r ly  in v o lv e m e n t o f th e  p ig m e n t e p ith e liu m .

2+ : oedem a, a lm o s t t o t a l  d is r u p t io n  o f th e  re c e p to r  c e lls

w ith  c h a n g e s  in  th e  n u c le i ,  a n d  e x te n s iv e  p ig m e n t 

e p i t h e l ia l  c h a n g e s .

3+ : t o t a l  lo s s  o f th e  re c e p to rs  b u t  w ith  p re s e rv a t io n  o f th e

in n e r  n u c le a r  la y e r .

4+ : com p le te  lo ss  o f id e n t i f ia b le  r e t in a l  s t r u c tu r e .

In  L a w w i l l 's  s tu d y ,  as in  t h is  s tu d y ,  th e re  w as c o n s id e r 

a b le  v a r ia t io n  in  th e  d e g re e  o f dam age s u ffe re d  b y  th e  r e t in a .  

L a w w il l  s ta te d  t h a t  th e  deg re e  o f dam age a p p e a re d  to  be d e te rm in e d  

b y  th e  d e n s ity  o f th e  p h o to re c e p to r  c e l ls .  T h is  w o u ld  seem to  

be a re a s o n a b le  p ro p o s it io n  as th e  s tu d ie s  o f N oe l, W a lk e r ,  K ang

a n d  B erm an (1 9 66 ), a n d  G orn  a n d  K u w a b a ra  (1967) im p lie d  th a t  

th e  e ffe c t iv e n e s s  o f a l i g h t  so u rce  in  p ro d u c in g  l i g h t  dam age 

is  r e la te d  to  i t s  e f f ic ie n c y  in  b le a c h in g  th e  p h o to re c e p to r  p ig m e n ts . 

I f  l i g h t  dam age is  m e d ia te d  b y  some b y -p ro d u c t  o f rh o d o p s in  

b le a c h in g ,  th e re  w o u ld  be m ore o f th is  b y -p ro d u c t  in  re g io n s

o f h ig h  re c e p to r  d e n s ity .  (T h is  does n o t ta k e  in to  a c c o u n t th e

e x tre m e  e ffe c t iv e n e s s  o f b lu e  l i g h t  in  p ro d u c in g  l i g h t  dam age . 

T h is  has  a lr e a d y  been d is c u s s e d  in  C h a p te r  4 . )  The a re a  o f 

g re a te s t  p h o to re c e p to r d e n s ity  in  th e  r a b b i t  eye is  fo u n d  in  th e  

re g io n  o f th e  v is u a l  s t re a k  (H u g h e s , 1971). I t  w as in  th a t  re g io n

th a t  L a w w il l  fo u n d  h ig h e s t  deg re e  o f dam age . T h is  f in d in g  w as

n o t c o n firm e d  b y  th is  s tu d y ,  b u t  d if fe re n c e s  in  th e  l i g h t  s o u rce s ,

a re a  o f r e t in a l  i l lu m in a t io n ,  a n d  th e  le n g th  o f th e  e x p e r im e n ta l 

e x p o s u re  m ay a c c o u n t fo r  th is  d is c re p a n c y .
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The a lte r a t io n s  in  r e t in a l  s t r u c tu re  seen b y  L a w w il l  ra n g e d  

fro m  s l ig h t  oedem a, a s s o c ia te d  w ith  d is tu rb a n c e s  o f th e  p h o to 

re c e p to rs  a nd  p ig m e n t e p ith e l iu m ,  to  com p le te  lo ss  o f r e t in a l  

s t r u c tu r e .  C o m p ariso ns  be tw een  L a w w i l l 's  s tu d y  a n d  th is  s tu d y  

a re  d i f f i c u l t  as fo rm a ld e h y d e  f ix a t io n  a n d  c o n v e n t io n a l h is to lo g y  

w e re  em p loyed  in  L a w w i l l 's  in v e s t ig a t io n .  T h e re  a re ,  h o w e v e r, 

s im i la r i t ie s  in  th e  a p p e a ra n c e  o f th e  r e t in a l  t is s u e s .  In  th e  

lo w  in t e n s i t y  g ro u p  o f th is  s tu d y ,  r e t in a l  dam age w as seen tw o  

to  fo u r  w eeks a f te r  e x p o s u re . T h is  dam age d id  n o t a p p e a r  to  

be d i r e c t ly  re la te d  to  th e  l i g h t  e x p o s u re  as th e  re t in a e  o f a n im a ls  

e xa m in e d  up to  a b o u t th e  second w eek o f re c o v e ry  a p p e a re d  to  

be r e g a in in g  t h e i r  n o rm a l a p p e a ra n c e . H o w e ve r, a t  th e  la t e r

re c o v e ry  p e r io d s ,  tw o  a nd  fo u r  w e e ks , re g io n s  o f dam aged  r e t in a  

w e re  seen in  th re e  o u t o f th e  fo u r  a n im a ls .  In  such  re g io n s

th e re  w as d e ta c h m e n t o f th e  n e u ra l r e t in a  a n d  a g e n e ra lis e d  

in t r a - c e l lu la r  oedema o f th e  r e t in a .  F re q u e n t ly  p y k n o t ic  re c e p to r  

c e l l  n u c le i w e re  seen . The a p p e a ra n c e  o f th e  r e t in a  d i f fe r e d  

m a rk e d ly  fro m  th a t  p ro d u c e d  b y  l i g h t  dam age . I t  w as c lo s e r  

in  a p p e a ra n c e  to  t h a t  o f r a b b i t  r e t in a  exposed  to  p e r io d s  o f t o ta l  

a cu te  is c h a e m ia  as d e s c r ib e d  b y  Johnson (1974) a n d  Johnson a n d  

F o u ld s  ( 1978) .  The a p p e a ra n c e  o f th e  r e t in a  a f te r  s ix t y  to  one 

h u n d re d  a n d  tw e n ty  m in u te s  o f a cu te  is c h a e m ia  (Jo h nso n , 

1974 a n d  Johnson a n d  F o u ld s , 1978) w as v e ry  s im i la r  to

th a t  show n in  F ig u re s  5 .5 1 , 5 .5 2  a n d  5 .5 3 . I f  is c h a e m ia  p ro d u c e s

an  a p p e a ra n c e  s im i la r  to  th a t  seen in  th is  s tu d y ,  i t  seems 

l i k e l y  th a t  th e  u n d e r ly in g  m echan ism s o f dam age m ay be s im i la r .  

Two o f th e  fo u r  b lo c k s  e x h ib i t in g  an  " is c h a e m ia "  p a t te rn  o f dam age 

show ed i r r e g u la r i t ie s  o f th e  c h o ro id a l v a s c u la tu r e .  T h e re  w as 

e ith e r  in v a s io n  o f th e  c h o r io c a p i l la r is  b y  in f la m m a to ry  c e lls  o r  

b lo c k a g e  o f th e  c h o r io c a p i l la r is  b y  im p a c te d  re d  c e lls  a n d  p la te le ts .  

The m any is c h a e m ic  s tu d ie s  co n d u c te d  in  p r im a te s  a re  n o t c o m p a r

a b le ,  as p r im a te s  possess a r e t in a l  c i r c u la t io n ,  w h ic h  th e  r a b b i t
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la c k s .  The p re sen ce  o r  absence  o f a r e t in a l  c i r c u la t io n  w o u ld  

be c r u c ia l  in  d e te rm in in g  th e  s p a r in g  o r  lo ss  o f th e  in n e r  r e t in a  

fo l lo w in g  c e s s a tio n  o f b lo o d  f lo w  in  th e  c h o ro id .

The lo w e r in te n s it ie s  e m p loye d  b y  L a w w il l  (1973) re s u lte d  

in  w h a t he te rm s  1+ a n d  2+ c h a n g e s . These 1+ a n d  2+ ch an g es  

w ere  a s s o c ia te d  w ith  d is tu rb a n c e s  o f th e  r e t in a l  p ig m e n t e p ith e liu m .  

S im i la r ly ,  in  th is  s tu d y ,  d is tu rb a n c e s  o f th e  r e t in a l  p ig m e n t 

e p ith e liu m  w ere  seen a f te r  th e  lo n g e r  re c o v e ry  p e r io d s  in  th e  

lo w e r in te n s i t y  g ro u p .  th e se  re g io n s  o f p ig m e n t e p i t h e l ia l  

d is tu rb a n c e s  w ere  in v a r ia b l y  a s s o c ia te d  w ith  fo ld in g  o r  d e ta ch m e n t 

o f th e  n e u ra l r e t in a .  P ig m e n t e p i t h e l ia l  d is tu rb a n c e s  o f a s im i la r  

a p p e a ra n c e  to  those  d e s c r ib e d  in  th is  s tu d y  (F ig s .  5 .4 7 , 5 .4 9 ,

5 .9 7  a n d  5 . 98 ) have  been d e s c r ib e d  in  th e  r a b b i t  r e t in a ,  fo l lo w in g  

e x p e r im e n ta l r e t in a l  d e ta c h m e n t (Johnson  a nd  F o u ld s , 1977) a n d

in  th e  rh e s u s  m onkey r e t in a  fo l lo w in g  r e t in a l  d e ta c h m e n t (M achem er, 

1968 ; K r o l l  a nd  M achem er, 1968; a n d  M achem er a n d  L a q u a , 1975).

In  th is  a n d  o th e r  s tu d ie s ,  re g io n s  o f su sp e c te d  p ig m e n t 

e p i t h e l ia l  p r o l i f e r a t io n  o r  " b u d d in g " ;  d e s c r ib e d  b y  Johnson a nd  

F o u ld s  ( 1977) ,  h a v e  been a s s o c ia te d  w ith  th e  p re se n ce  o f m a c ro 

p h a g e s  in  th e  s u b - r e t in a l  sp a ce . I n  a s tu d y  o f th e  r a b b i t  p ig 

m ent e p ith e liu m  fo l lo w in g  p h o to c o a g u la t io n  G lo o r (1969) o b s e rv e d  

m ito s is  a n d  p r o l i f e r a t io n  o f th e  p ig m e n t e p ith e l iu m .  He c o n c lu d e d  

th a t  p ig m e n t e p i t h e l ia l  m ito s is  a n d  p r o l i f e r a t io n  g a v e  r is e  to  th e  

m a c ro p h a g e s  seen in  h is  s tu d y .  G lo o r p ro p o se d  th e  te rm  "p ig m e n t 

e p i t h e l ia l  m a c ro p h a g e " as th e  nam e fo r  a p ig m e n t e p i t h e l ia l  c e l l  

w h ic h  b e h a ve s  l i k e  a m a c ro p h a g e . In  1975 M a n d e lc o rn , M achem er, 

F in e b e rg  a n d  H e rch  d e m o n s tra te d  p r o l i f e r a t io n  o f i n t r a v i t r e a l  

r e t in a l  p ig m e n t e p i t h e l ia l  c e l l  a u to t ra n s p la n ts ,  in  rh e s u s  m onkey 

e yes . P e rh a p s  m ore c o n c lu s iv e ly  M u e lle r-J e n s e n , M achem er a n d  

A z a rn ia  (1975) d e m o n s tra te d  s im i la r  p r o l i f e r a t io n  a n d  r e d i f f e r e n t ia 
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t io n  o f r a b b i t  r e t in a l  p ig m e n t e p i t h e l ia l  c e lls  a u to t ra n s p la n te d  

in  c e l l  t ig h t  d i f fu s io n  c h a m b e rs . T h is  a p p ro a c h  rem oved  th e  

p o s s ib i l i t y  o f s e c o n d a ry  c o n ta m in a t io n  o f th e  t r a n s p la n te d  c e l ls ,  

b u t  d id  n o t rem ove th e  p o s s ib i l i t y  t h a t  th e  c e lls  w e re  c o n ta m in a te d  

in  th e  f i r s t  p la c e  b y  c e lls  o f o th e r  th a n  p ig m e n t e p i t h e l ia l  o r ig in .  

These s tu d ie s  s t r o n g ly  s u g g e s t th a t  th e  r e t in a l  p ig m e n t e p ith e liu m  

o f th e  rh e s u s  m onkey a n d  th e  r a b b i t  a re  c a p a b le  o f p r o l i f e r a t io n  

a n d  r e d i f fe r e n t ia t io n  in to  m a c ro p h a g e - l ik e  c e l ls .  t h is  w as o b v io u s 

l y  one sou rce  o f th e  m a c ro p h a g e s  seen in  th is  s tu d y .

In  b o th  th e  lo w e r a n d  h ig h e r  l i g h t  in te n s i t y  g ro u p s  m a cro 

p h a g e s  w ere  o b s e rv e d  am ong th e  p h o to re c e p to r  a n d  p ig m e n t e p i t h e l ia l  

c e l l  d e b r is .  In  b o th  g ro u p s  th e y  w e re  p re s e n t w i t h in  tw e n ty  

fo u r  to  f o r t y  e ig h t  h o u rs .  In  th e  h ig h e r  in te n s i t y  g ro u p  th e y  

w ere  p a r t i c u la r l y  num erous  b y  th e  fo u r th  d a y  o f re c o v e ry .  The 

o r ig in  o f these  m a cro p h a g e s  is  in  some d o u b t.  As a lr e a d y  s u g g e s t

ed th e  r e t in a l  p ig m e n t e p ith e liu m  c o u ld , e i th e r  b y  p r o l i f e r a t io n  

o r  b u d d in g ,  g iv e  r is e  to  th e se  c e l ls .  Such an o r ig in  fo r  th e  

m a c ro p h a g e s  seen in  th is  s tu d y  w as c o n s id e re d . H ow eve r, i t  w as 

th o u g h t u n l ik e ly  th a t  th e  m a jo r i t y  o f th e  m a c ro p h a g e s  seen in  

th is  s tu d y  o r ig in a te d  fro m  th e  p ig m e n t e p ith e liu m  fo r  th e  fo l lo w in g  

re a so n s  ;

1) No m ito t ic  f ig u r e s  w ere  e v e r o b s e rv e d  w i t h in  th e  p ig 

m ent e p ith e liu m  o r th e  r e t in a .  The fa c t  th a t  none w e re  seen does 

n o t p re c lu d e  t h e i r  e x is te n c e . th is  f in d in g  is  in  c o n t ra s t  to  th e  

o b s e rv a t io n s  o f I s h ik a w a ,  Uga a n d  I k a i  (1 9 7 3 ), Is h ik a w a  a n d  

I k a i  (1974) a n d  W a llo w  Tso a n d  F in e  (1975) a l l  o f whom re p o r te d  

m ito t ic  f ig u r e s  in  the  r e t in a  fo l lo w in g  p h o to c o a g u la t io n .

2) In  th e  re g io n s  o f  g re a te s t  dam age m a c ro p h a g e s  w ere  

common. In  these  a re a s  th e  p ig m e n t e p ith e liu m  h a d  been d e s tro y e d  

b y  th e  p h o t ic  in s u l t .  T h e re fo re  i t  c o u ld  n o t be th e  sou rce  o f
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these  m a c ro p h a g e s . P r o l i f e r a t io n  o f r e t in a l  p ig m e n t e p i t h e l ia l  

c e lls  a t  th e  edges o f th e  le s io n  a n d  su b s e q u e n t m ig ra t io n  o f p ig 

m ent e p i t h e l ia l  m a c ro p h a g e s  w as n e v e r  o b s e rv e d . S l id in g  o f s u r 

v iv in g  p ig m e n t e p i t h e l ia l  c e l ls  b e n e a th  d e g e ra te  p ig m e n t 

e p ith e liu m  w as seen a t th e  edges o f th e  le s io n s  { F ig .  5 .8 4 ) .

The m a cro p h a g e s  seen w i t h in  th e  r e t in a  w ere  th o u g h t to  

be o f haem otogenous o r ig in  fo r  th e  fo l lo w in g  re a s o n s :

1) B enea th  s e v e re ly  dam aged  re g io n s  o f r e t in a ,  w h e re  

m a cro p h a g e s  w ere  p le n t i f u l ,  m o n o n u c le a r c e lls  f i l l e d  th e  v e s s e ls  

o f th e  c h o r io c a p i l la r is  a n d  w e re  common in  th e  e x t r a v a s c u la r  

t is s u e s  o f th e  c h o ro id .  I f ,  as w as  th o u g h t ,  the se  c e l ls  w e re  mono

c y te s , th e y  re p re s e n te d  a so u rce  fo r  th e  m a c ro p h a g e s  seen in

th e  s u b r e t in a l  sp ace .

2) th e  m o n o n u c le a r c e l ls  w e re  a ls o  o b s e rv e d  w i t h in  th e

s t ru c tu re  o f B ru c h 's  m em brane . T hey  u s u a l ly  la y  im m e d ia te ly  

b e lo w  th e  basem en t m em brane  o f th e  p ig m e n t e p ith e l iu m .  On 

one o cc a s io n  a fa v o u ra b le  s e c tio n  re v e a le d  one o f these  c e lls  

p e n e tr a t in g  th e  co m p le te  th ic k n e s s  o f B ru c h 's  m em brane ( F ig . 

5 .8 9 ) .  As th e  n u c le u s  o f th e  c e l l  re m a in s  in  th e  p la n e  o f s e c tio n  

th ro u g h o u t  th e  re g io n  o f p e n e tra t io n  o f B ru c h 's  m em brane i t  is  

a p p a re n t  th a t  B ru c h 's  m em brane does n o t re p e re s e n t a b a r r ie r

to  th e  m ig ra t io n  o f the se  m o n o n u c le a r c e lls  fro m  th e  c h o ro id  in to  

th e  r e t in a .

F o llo w in g  r e t in a l  d e ta c h m e n t in  th e  r a b b i t  c e lls  o f haem oto

genous o r ig in  h a ve  been seen w i t h in  th e  s t r u c tu r e  o f B ru c h 's

m em brane , a nd  am ong p r o l i f e r a te d  r e t in a l  p ig m e n t e p i t h e l ia l  c e lls  

(Johnson  a n d  F o u ld s , 1977). F o llo w in g  m ixe d  s y m p a th e t ic  a nd  

le n s  in d u c e d  o p h th a lm it is  c e lls  o f haem otogenous o r ig in  h a v e  been 

o b s e rv e d  b e lo w  th e  Basem ent m em brane o f th e  p ig m e n t e p ith e liu m  

(Lee a nd  G r ie rs o n , 1977).
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D u r in g  th e  e a r ly  s ta g e s  o f p h a g o c y to s is  o f re c e p to r  c e l l  

a n d  p ig m e n t e p i t h e l ia l  c e l l  d e b r is ,  f o r t y  e ig h t  h o u rs  to  fo u r  d a y s  

a f te r  th e  p h o t ic  in s u l t ,  m a c ro p h a g e s  w e re  v e ry  common. These 

p h a g o c y t ic  c e lls  w e re  u l t r a  s t r u c t u r a l l y  v e ry  s im i la r  to  those  

d e s c r ib e d  b y  H annson  (1 9 7 0 a ). H a n nso n  th o u g h t  th a t  th e  p h a g o -  

c y to s in g  c e l ls  w e re  p a r t l y  d e r iv e d  fro m  g l i a l  c e lls  in  th e  in n e r  

h a l f  o f th e  r e t in a  a n d  p o s s ib ly  fro m  b lo o d  c e l ls ,  as in  th e  case  

o f b r a in  m a c ro p h a g e s  (K o n ig s m a rk  a n d  S id m a n , 1963). I n  th e  

s tu d y  o f H annson  th e  p h a g o c y to s in g  c e l ls  a p p e a re d  d u r in g  th e  

second  d a y  o f re c o v e ry  a n d  r a p id l y  rem oved  th e  c e l l  d e b r is .  

M ost o f th e  c e l l  d e b r is  w as rem oved  w i t h in  one w eek a n d  l i t t l e  

re m a in e d  th e r e a f te r .  These o b s e rv a t io n s  o f H annson  a re  v e ry  

s im i la r  to  w h a t w as seen in  th e  h ig h e r  in te n s i t y  g ro u p  o f th is  

in v e s t ig a t io n .  T h e re  w e re , h o w e v e r, some d if fe re n c e s .  A c c o rd in g  

to  H annson  th e  p h a g o c y to s in g  c e l ls  f i r s t  a p p e a re d  in  th e  in n e r  

r e t in a  a n d  m ig ra te d  o u tw a rd  in to  th e  p h o to re c e p to r  d e b r is .  

S im i la r ly ,  in  a n o th e r  l i g h t  dam age  s tu d y  in  th e  r a t .  O 'S teen  a n d  

L y t le  ( 1971 ) f i r s t  n o te d  th e  p re se n ce  o f p h a g o c y to s in g  c e lls  in  

th e  o u te r  p le x ifo rm  a n d  re c e p to r  c e l l  la y e r s .  In  a la t e r  p a p e r ,  

(O 'S te e n  a n d  K a r c io g lu ,  1974) l i g h t  dam aged  r a ts  w e re  in je c te d  

in t r a v e n o u s ly  o r  i n t r a v i t r e a l l y  w i th  f in e  c a rb o n  p a r t ic le s  in  an  

a tte m p t to  fo l lo w  th e  p a t te r n  o f in v a s io n ,  m ig ra t io n  a n d  e g re s s io n  

o f th e  c a rb o n  f i l l e d  p h a g o c y te s  in  eyes w ith  d e g e n e ra te  re t in a e .  

T h ey  c o n c lu d e d  th a t  r e t in a l  d e b r is  w as rem oved  b y  tw o  p o p u la t io n s  

o f c e l ls :  m o n o n u c le a r c e l ls  o f v a s c u la r  o r ig in ,  a n d  p ig m e n t

e p i t h e l ia l  c e l ls .  F o llo w in g  r e t in a l  dam ag e , m o n o n u c le a r c e lls  

w e re  f i r s t  d e te c te d  in  th e  v it r e o u s  b o d y .

A t la t e r  re c o v e ry  p e r io d s  th e y  w ere  seen p ro g r e s s iv e ly  

d e e p e r in  th e  in n e r  p le x i fo r m  la y e r  a n d  o u t to  th e  b ip o la r  la y e r ,  

w h e re  th e y  w e re  seen w i t h in ,  o r  p a r t i a l l y  w i t h in ,  th e  r e t in a l
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c a p i l la r ie s .  T h ey  c o n c lu d e d  th a t  these  m o n o n u c le a r c e lls  e n te re d  

th e  eye th ro u g h  th e  c e n t r a l  r e t in a l  a r te r y  o r  i t s  c a p i l la r ie s ,  a nd  

le f t  th ro u g h  th e  c e n t r a l  r e t in a l  v e in .  T hey  a ls o  c o n c lu d e d  th a t  

p h a g o c y t ic  c e lls  d id  n o t le a v e  th e  r e t in a  b y  w a y  o f th e  c h o ro id a l 

c i r c u la t io n ,  as fo l lo w in g  i n t r a v i t r e a l  in je c t io n  o f c a rb o n  p a r t ic le s ,  

p h a g o c y te s  c o n ta in in g  c a rb o n  p a r t ic le s  w ere  n e v e r o b s e rv e d  in  

th e  c h o ro id  o r  c h o r o id a l v e s s e ls . In  th e  s tu d y  o f O 'S teen  a n d  

K a r c io g lu ,  p ig m e n t e p i t h e l ia l  c e lls  w h ic h  h a d  p r o l i f e r a te d  b y  

m ito t ic  a c t i v i t y ,  o c c u r re d  as s in g le  c e lls  s e p a ra te d  fro m  B ru c h 's  

m em brane b y  th e  p h o to re c e p to r  d e b r is .  A f te r  d ir e c t  e x p o s u re  to

c a rb o n  p a r t ic le s ,  p ig m e n t e p i t h e l ia l  c e l l  phagosom es c o n ta in e d  

b o th  c a rb o n  a nd  la m e lla te d  d is c s  o f o u te r  segm ent m a te r ia l .  T h ey  

c o u ld  n o t d e te rm in e  w h e th e r these  c e lls  le f t  th e  eye th ro u g h  th e  

r e t in a l  c a p i l la r ie s  o r  re tu rn e d  to  B ru c h 's  m em brane to  re - e s ta b l is h  

c o n t in u i t y  in  th e  p ig m e n t e p ith e l iu m .

The u l t r a s t r u c tu r e  o f th e  p h a g o c y t ic  c e l ls  seen in  th e  

s tu d ie s  o f H annson  ( 1970 W , O 'S teen  a n d  L y t le  (1971) a n d  0  ' S teen

a n d  K a rc io g lu  (1974) a n d  t h e i r  p e r io d  o f p e a k  a c t i v i t y  (2 -4  d a y s  

a f te r  th e  i n i t i a l  dam age to  th e  r e t in a )  w as v e r y  s im i la r  to  th a t  

seen in  th is  s tu d y .  H o w e ve r, in  th e  s tu d ie s  c i te d ,  th e  p h a g o 

c y t ic  c e lls  e n te re d  a n d  le f t  th e  r e t in a  v ia  th e  c e n t r a l  r e t in a l

a r te r y  a n d  th e  c e n t r a l  r e t in a l  v e in .  In  th is  s tu d y  i t  a p p e a rs  

th a t  th e  m a jo r i t y  o f th e  p h a g o c y t ic  c e lls  e n te re d  th e  r e t in a  fro m  

th e  c h o r o id a l c i r c u la t io n ,  p a s s in g  th ro u g h  B ru c h 's  m em brane . 

T h is  d if fe re n c e  in  th e  b e h a v io u r  o f the  p h a g o c y t ic  c e l ls  ca n  p ro 

b a b ly  be e x p la in e d  b y  th e  fa c t  th a t  th e  r a t  possesses a r e t in a l  

c i r c u la t io n  w h ic h  th e  r a b b i t  la c k s .  I f  th e  p h a g o c y to s in g  c e lls  

a re  o f haem otogenous o r ig in  in  b o th  th e  r a t  a n d  th e  r a b b i t ,  th e y  

h a v e  l i t t l e  o p t io n  in  th e  r a b b i t  b u t  to  e n te r  th e  r e t in a  fro m  th e
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c h o r o id a l c i r c u la t io n .  I t  is  p o s s ib le  th a t  b lo o d  b o rn e  c e lls  c o u ld  

e n te r  th e  r a b b i t  r e t in a  fro m  th e  v e sse ls  o f th e  m e d u lla te d  n e rv e  

f ib r e s .  M o n o n u c le a r c e lls  w ere  o b s e rv e d  a ro u n d  th e  v e s s e ls  in  

th is  a re a  a n d  am ong th e  f ib r e s  o f th e  c o r t ic a l  v i t r e o u s .  I t  w as 

th o u g h t  u n l ik e ly  h o w e v e r, th a t  these  c e lls  w o u ld  m ake a n y  s ig n i f i 

c a n t c o n t r ib u t io n  to  th e  p o p u la t io n  o f p h a g o c y to s in g  c e l ls .

O 'S teen  a n d  K a r io g lu  (1974) re p o r te d  t h a t ,  fo l lo w in g  i n t r a 

v i t r e a l  in je c t io n  o f c a rb o n  p a r t ic le s ,  c a rb o n  c o n ta in in g  p h a g o c y te s  

w e re  n e v e r  o b s e rv e d  in  th e  c h o ro id .  T h ey  c o n c lu d e d  th a t  i t  w as

u n l ik e ly  th a t  r e t in a l  p h a g o c y te s  escaped  fro m  th e  r e t in a  b y  p a s s in g  

th ro u g h  B ru c h 's  m em brane a n d  in to  th e  c h o r o id a l c i r c u la t io n .  

H ow eve r, fro m  th e  re s u lts  o f th is  s tu d y ,  i t  w as th o u g h t  th a t  th e

r e t in a l  p h a g o c y te s  le f t  th e  s ite  o f dam age v ia  B ru c h 's  m em brane

a n d  th e  c h o r io c a p i l la r is .  In  f ig u r e  5 .9 2 b  a c e l l  c o n ta in in g  p ig m e n t 

e p ith e liu m  l ik e  m e la n in  g ra n u le s  ca n  be seen w i t h in  th e  s t r u c tu re  

o f B ru c h 's  m em brane . I t  w as th o u g h t th a t  c e lls  o f th is  n a tu re  

h a d  been p re v io u s ly  a c t iv e  p h a g o c y te s  (hence  th e  m e la n in ) ,  w h ic h  

w e re  le a v in g  th e  s ite  o f r e t in a l  dam age , a n d  m ig r a t in g  to w a rd  

th e  c h o r o id a l v a s c u la tu re .

P ig m e n t c o n ta in in g  m a cro p h a g e s  w ere  a common fe a tu re  o f 

th e  c h o ro id  in  th e  h ig h e r  in t e n s i t y  g ro u p . I t  w as th o u g h t th a t  

some o f these  c e lls  m ay h a v e  been r e t in a l  p h a g o c y te s , w h ic h  h a d  

m ig ra te d  b a c k  in to  th e  c h o ro id .  I t  is  p o s s ib le ,  h o w e v e r, th a t  

c e lls  such  as th e  one show n in  F ig u re  5 .92b  m ay be m ig r a t in g

in to  th e  r e t in a ,  a nd  n o t o u t o f  i t .  The m e la n in  c o n te n t o f th e

c e lls  b e in g  d e r iv e d  fro m  dam aged  c h o r o id a l m e la n o c y te s .

In v a s io n  o f th e  r e t in a  b y  p h a g o c y t ic  c e lls  w h ic h  a p p e a r  

to  o r ig in a te  in  th e  c h o ro id  a n d  e n te r  th e  r e t in a  th ro u g h  B ru c h 's  

m em brane has been o b s e rv e d  in  r a b b i t  re t in a e  dam aged  b y  d ia m in o -  

d ip h e n o x y p e n ta n e ., (O rz a le s i,  G r ig n o lo ,  C a la b r ia ,  C a s te lla z z o ,
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1967) b u t  n o t tho se  dam aged  b y  so d iu m  io d a te  o r  f lu o r id e  (G r ig n o lo ,  

O rz a le s i a n d  C a la b r ia ,  1966, O rz a le s i,  G r ig n o lo  a n d  C a la b r ia ,  1967). 

H ansson  (1970a),. c H ansson  a n d  S o u ra n d e r (1970) re p o r te d ,  fo l lo w 

in g  l i g h t  in d u c e d  r e t in a l  d e g e n e ra t io n  in  th e  r a t ,  l i p i d  la d e n  

m a cro p h a g e s  p asse d  th ro u g h  an  a p p a r e n t ly  in ta c t  B ru c h 's  m em brane 

to  a p p e a r  in  th e  c h o ro id ,  o fte n  p e r iv a s c u la r l y . F o llo w in g  e x p o s u re  

o f m onkey eyes to  l i g h t  fro m  an  in d i r e c t  o p h th a lm o sco p e  Tèo (1973) 

c o n c lu d e d  th a t  th e  p h a g o c y t ic  c e lls  le f t  th e  s ite  o f i n ju r y  b y  w a y  

o f th e  c h o r o id a l v a s c u la tu r e .  I t  seems p o s s ib le  th a t  th e  p a t te rn  

o f p h a g o c y te  in v a s io n  a n d  e g re s s io n  is  re la te d  to  th e  e x te n t o f 

r e t in a l  a n d  c h o ro id a l dam age p ro d u c e d  b y  th e  l i g h t  e x p o s u re , o r 

o th e r  in s u l t  e m p lo y e d . In  th e  p re s e n t s tu d y  a n d  t h a t  o f H ansson 

(1970.a) c h o r o id a l dam age  w as o c c a s io n a lly  e n c o u n te re d . C om ple te  

lo ss  o f th e  c h o r io c a p i l la r is  w as seen in  th is  s tu d y ,  a n d  in v a s io n  

o f th e  dam aged  c h o r io c a p i l la r is  b y  m esenchym a l c e lls  w as o b s e rv e d  

b y  H ansson  (1970 a ) .  P h a g o c y te s  le a v in g  th e  r e t in a  m ig h t be 

in f lu e n c e d  b y  th e  deg re e  o f dam age  p re s e n t,  n o t o n ly  in  th e  r e t in a ,  

b u t  a ls o  in  th e  c h o ro id .  I t  is  in te r e s t in g  to  no te  t h a t  th e  r e t in a l  

d e g e n e ra t io n  in d u c e d  b y  d ia m in o d ip h e n o x y p e n ta n e  (O r;z a le s i,  

G r ig n o lo ,  C a la b r i  a n d  C a s te lla z z o , 1967) r e s u lts  in  r a p id  a n d  com

p le te  d e s tru c t io n  o f th e  p ig m e n t e p ith e l iu m .  The d e g e n e ra t io n  in d u c e d  

b y  io d a te  o r  f lu o r id e  r e s u l t  in  a p a tc h y  d e s tru c t io n  o f th e  p ig m e n t 

e p ith e l iu m .  I t  a p p e a rs  t h a t  w h e re  th e re  was com p le te  d e s t ru c t io n  

o f th e  p ig m e n t e p ith e liu m  n o n -n a t iv e  p h a g o c y t ic  c e l ls  in v a d e  th e  

r e t in a  a n d  a re  a c t iv e  in  th e  re m o v a l o f c e l lu la r  d e b r is .  I f  p ig m e n t 

e p i t h e l ia l  c e lls  s u r v iv e ,  th e se  s u r v iv in g  c e lls  become m ore m a c ro -  

p h a g ic  in  c h a r a c te r  a n d  a re  a c t iv e  in  th e  re m o v a l o f c e l lu la r  

d e b r is ,  w ith o u t  a n y  a s s is ta n c e  fro m  n o n -n a t iv e  p h a g o c y t ic  c e l ls .  

S im ila r  r e s u lts  a re  o b ta in e d  fo l lo w in g  r e t in a l  d e g e n e ra t io n  in d u c e d
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b y  io d o a c è t ib -  a c id  (O rz a le s i,  C a la b r ia  a n d  G ig n o lo , 1970). lo d o -  

a c e t ic  a c id  a p p e a rs  to  be h ig h ly  s p e c if ic  in  i t s  a c t io n ,  c a u s in g  

d e s t ru c t io n  o f th e  re c e p to r  c e l ls  b y  le a v in g  th e  p ig m e n t e p ith e liu m  

a n d  in n e r  r e t in a  in t a c t .  F o llo w in g  p o is o n in g  b y  io d o a c e tic  a c id ,  

re c e p to r  d e b r is  is  rem oved  b y  p ig m e n t e p i t h e l ia l  c e lls  a n d  M u lle r  

c e l ls .  I t  a p p e a rs  t h a t  th e  fa te  o f th e  p ig m e n t e p ith e l iu m ,  fo l lo w 

in g  a d m in is t r a t io n  o f r e t in o - to x ic  c o m p o u n d s , o r  e x p o s u re  to  d am ag 

in g  i l lu m in a t io n ,  is  im p o r ta n t  in  d e te rm in in g  w h ic h  c e lls  a re  

re s p o n s ib le  fo r  th e  p h a g o c y to s is  o f c e l l  d e b r is .  I f  th e  p ig m e n t 

e p ith e liu m  s u rv iv e s ,  i t  a nd  p o s s ib ly  th e  M ü lle r  c e l ls ,  a re  re s p o n s 

ib le  f o r  th e  re m o v a l o f  d e b r is .  I f  th e  p ig m e n t e p ith e liu m  is  

d e s tro y e d , n o n -n a t iv e  c e lls  in v a d e  th e  r e t in a  a n d  a re  re s p o n s ib le  

fo r  th e  re m o v a l o f c e l l  d e b r is .

One f u r t h e r  p ie c e  o f e v id e n c e  p o in ts  to  a haem otogenous 

o r ig in  fo r  th e  p h a g o c y t ic  c e l ls  seen in  th is  s tu d y .  P h a g o c y t ic  

c e lls  w e re  u s u a l ly  most num erous  a t  th e  edges o f s e v e re ly  dam aged  

re g io n s .  I t  w as th o u g h t  t h a t  t h is  v ig o ro u s  re sp o n se  w as due  to  

th e  p a te n c y  o f th e  s u r ro u n d in g  c h o r o id a l v e s s e ls . In  th e  c e n tre  

o f severe  le s io n s  th e  c h o r o id a l v e s s e ls  w e re  o c c lu d e d  b y  im p a c te d  

re d  c e l ls ,  f i b r i n  c lo ts  a n d  d e g ra n u la te d  p la te le ts .  T h e re fo re , 

i f  th e  p h a g o c y t ic  c e lls  w e re  o f haem otogenous o r ig in ,  th e y  w o u ld  

be f a r  m ore num erous  a t th e  edges o f th e  le s io n s  w h e re  th e y  h a d  

e a s ie r  access to  th e  dam aged  t is s u e s .  As a lr e a d y  s ta te d ,  th is  

w as in  fa c t  seen.

In  th e  im m e d ia te  e ffe c ts  s tu d y  i t  w as th o u g h t  th a t  o c c lu s io n  

o f th e  c h o r io c a p i l la r i s , o r  d e e p e r c h o r o id a l v e s s e ls , w o u ld  g iv e  

r is e  to  re g io n s  o f in c re a s e d  r e t in a l  dam age due  to  th e  co m b ine d  

e ffe c ts  o f l i g h t  e x p o s u re  a n d  is c h a e m ia . T h is  p ro ce ss  w as a ls o  

th o u g h t to  be re s p o n s ib le  fo r  th e  a re a s  o f e x trem e  r e t in a l  dam age 

seen in  th e  re c o v e ry  s e r ie s  o f e x p e r im e n ts .

140



I n  th e  g ro u p  exposed  to  th e  h ig h e r  l i g h t  in t e n s i t y ,  a f te r

one , tw o  o r  fo u r  w eeks re c o v e ry ,  re g io n s  o f com p le te  lo ss  o f p h o to 

re c e p to r  a n d  p ig m e n t e p i t h e l ia l  c e l ls  w e re  seen. I n  the se  a re a s  

th e re  w a s , o c c a s io n a lly ,  an  a s s o c ia te d  lo s s  o f th e  c h o r io c a p i l la r is .

I t  w as u s u a l ly  re p la c e d  b y  f ib r o b la s t s  a n d  c o lla g e n  f ib re s »  B ru c h 's  

m em brane , a d ja c e n t to  the se  a re a s ,  show ed a h ig h ly  i r r e g u la r  

th ic k e n in g .  The- c o lla g e n o u s  la y e r s  o f B ru c h 's  a p p e a re d  to  h a ve  

in c re a s e d  m a rk e d ly  in  th ic k n e s s .  The sou rce  o f th is  c o lla g e n  is  

in  some d o u b t.  The c e lls  seen w i t h in  B ru c h 's  m em brane  m ay h a ve  

been re s p o n s ib le ,  b u t  t h is  is  h ig h ly  u n l ik e ly  i f  th e y  w e re  m o n ocy te s . 

The tw o  re m a in in g  p o s s ib i l i t ie s  a re :  1) I t  w as p ro d u c e d  b y

c h o r o id a l f ib r o b la s t s .  2) I t  w as se c re te d  b y  th e  M u lle r  c e l ls ,

w h ic h  h a d  re p la c e d  th e  o u te r  r e t in a .  F ib r o b la s t ic  in v a s io n  o f 

B ru c h 's  m em brane fo l lo w in g  th e  p a s s a g e  o f th e  m o n o n u c le a r c e lls

w o u ld  be th e  m ost fa v o u ra b le  a l t e r n a t iv e .

T h ic k e n in g  o f B ru c h 's  m em brane , w ith  o r  w ith o u t  lo ss  o f 

th e  c h o r io c a p i l la r is ,  m u s t h a v e  a c o n s id e ra b le  e ffe c t on th e  d i f fu s io n  

o f m e ta b o lite s  a n d  m e ta b o lic  b y -p ro d u c ts  to  a n d  fro m  th e  r e t in a .

I t  seems v e ry  l i k e l y  t h a t  th e  c o n d it io n  o f B ru c h 's  m em brane w i l l  

e x e r t  a c o n s id e ra b le  in f lu e n c e  on th e  deg re e  o f re c o v e ry  a c h ie v e d  

b y  th e  r e t in a .

In  th e  n o n - s u r v iv a l  s e r ie s  o f e x p e r im e n ts  i t  w as fo u n d  th a t  

th e  cone c e l ls '  o u te r  a n d  in n e r  segm ents w e re  m ore s u s c e p t ib le  

to  l i g h t  dam age th a n  t h e i r  ro d  e q u iv a le n ts .  S im ila r  f in d in g s  h a ve  

been re p o r te d  in  p ig e o n  re t in a e  dam aged  b y  c o n t in u o u s  i l l u m in a 

t io n  fro m  f lu o re s c e n t la m p s  ( M a r s h a l l ,  M e lle r io  a n d  P a lm e r, 1972). 

C u r io u s ly  th e  in c re a s e d  s e n s i t i v i t y  o f th e  cone c e l l  o u te r  segm ent 

does n o t a p p e a r  to  in f lu e n c e  th e  s u r v iv a l  o f th e  c e l l  o r  i t s  e v e n tu a l 

re g e n e ra t io n  o f o u te r  segm ent m a te r ia l .  I n  a s tu d y  o f l i g h t  

dam aged  r a ts  s u p p o s e d ly  la c k in g  p h o to re c e p to rs  A n d e rso n  a n d  O 'S teen
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(1972) d e m o n s tra te d  th a t  th e  r a ts  possessed b o th  b la c k /w h i te  a nd  

p a t te r n  re c o g n it io n .  I t  w as la t e r  d e m o n s tra te d  b y  L a  V a i l  (1976a) 

t h a t  th e re  w e re  in  fa c t  s u r v iv in g  p h o to re c e p to r  e lem en ts  in  th e  

c h r o n ic a l ly  l i g h t  dam aged  r a t  r e t in a .  These s u r v iv in g  e lem en ts  

w e re  la t e r  id e n t i f ie d  as cones (C ic e ro n e , 1976). In  t h is  in v e s t ig a 

t io n ,  in  th e  g ro u p  exposed  to  th e  h ig h e r  l i g h t  in t e n s i t y ,  cones 

w e re  f r e q u e n t ly  e n c o u n te re d  am ong th e  s u r v iv in g  p h o to re c e p to r  c e l ls .  

They c o u ld  be id e n t i f ie d  as cones on th e  b a s is  o f t h e i r  n u c le a r  

c h ro m a tin  p a t te rn  a n d  th e  p re se n ce  o f s y n a p t ic  p e d ic le s .  T hey  

a p p e a re d  to  c o m p rise  f a r  m ore th a n  t h e i r  p re d ic te d  8% o f th e  

p h o to re c e p to r  p o p u la t io n  (H u g h e s , 1971). To a c c o u n t fo r  th is  

d is c re p a n c y  i t  is  n e c e s s a ry  o n ly  to  h y p o th e s is e  s e le c tiv e  lo ss  o f 

ro d  p h o to re c e p to r  c e l ls .

In  th e  h ig h  in te n s i t y  g ro u p ,  re g e n e ra t io n  o f p h o to re c e p to r  

o u te r  segm ent m a te r ia l  b e g a n  a b o u t one w eek a f te r  th e  p h o t ic  in s u l t .  

I t  s t i l l  a p p e a re d  to  be p ro g re s s in g  fo u r  w eeks a f te r  th e  p h o t ic  

in s u l t .  T h e re fo re  th e  re g e n e ra t io n  o f th e  o u te r  segm ents a p p e a re d  

to  be c o n s id e ra b ly  s lo w e r th a n  t h a t  p re d ic te d  b y  th e  s tu d ie s  o f 

Y oung  ( 1967 ) ;  Bok a n d  H a ll  (1 9 7 1 ); La  V a i l ,  S idm an  a n d  O 'N e il 

( 1972 ) ;  a n d  Wyse (1 9 80 ). These s tu d ie s  in d ic a te d  a com p le te  t u r n 

o v e r  o f th e  r a t  o u te r  segm ent in  a b o u t n in e  d a y s .  I n  th e  h ig h e r

in te n s i t y  g ro u p  o f t h is  s tu d y ,  th e  s u r v iv in g  p h o to re c e p to rs  s t i l l  

a p p e a re d  a b n o rm a lly  s h o r t ,  e ven  a f te r  tw e n ty  e ig h t  d a y s  o f re c o v e ry  

T h is  d is c re p e n c y  in  th e  ra te  o f o u te r  segm ent re g e n e ra t io n  w as 

p r o b a b ly  due  to  dam age o f th e  in n e r  segm ent a n d  even  th e  c e l l  

b o d y  o f th e  re c e p to r .  T hus  th e  r e p a ir  p rocesses w o u ld  be more 

in v o lv e d  a nd  c o n s e q u e n tly  ta k e  lo n g e r .  A lso  co m p le te  re g e n e ra t io n  

o f an  o u te r  segm ent is  p ro b a b ly  m ore d e m a n d in g  th a n  th e  g r a d u a l 

tu r n o v e r  o f an  a lr e a d y  e x is t in g  o u te r  segm ent.
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T h e re  re m a in s  th e  p o s s ib i l i t y  th a t  some o f th e  d e g e n e ra t iv e  

ch a n g e s  seen w i t h in  th e  e x p e r im e n ta l t is s u e  w ere  th e  r e s u l t  o f age 

c h a n g e s . L ig h t  dam age  a n d  age c h a n g e s , in  th e  r a t ,  h a v e  been 

show n to  p ro d u c e  a s im i la r  m o rp h o lo g y  (W eissa  a n d  S to tz e r, 1974).

Age ch a n g e s  in  th e  r a t  ta k e  s e v e ra l y e a rs  to  d e v e lo p . The lo n g 

est s u r v iv a l  p e r io d  em p loye d  in  t h is  in v e s t ig a t io n  w as tw e n ty  e ig h t  

d a y s  a n d  c o n t ro l eyes w e re  u s u a l ly  o f n o rm a l a p p e a ra n c e . T h e re 

fo re  i t  ca n  be c o n c lu d e d  t h a t  th e  c h a n g e s  seen in  th e  e x p e r im e n ta l 

eyes in  th is  s tu d y  w e re  a t t r ib u t a b le  to  l i g h t  e x p o s u re  o r  to  i t s  

s e c o n d a ry  e ffe c ts .
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F ig u re s  5 .1  to  5 .4  show th e  p o s it io n s  o f th e  r e t in a l  le s io n s  seen 

d u r in g  d is s e c t io n .  I f  no le s io n  w as seen d u r in g  d is s e c t io n  no

d ia g ra m  is  sh ow n . The k e y  show n be low  re fe rs  to  a l l  fo u r  f ig u r e s *
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Figure 5-5 ( 2 / 6 h / l  block D4).  Light micrograph showing the 

appearance  of the re t ina ,  s ix  hours after exposure  to l i ght  of  

the lower i n t en s i t y .  A: amacrine  cel l  ; H : h o T l / o n t i i l  C i -11 (x 400)

Figure  5 .6  ( 2 / 6 h / l  block D4).  Light micrograph showing the

appearance  of the outer re t ina ,  s i x  hours after exposure  to l ight  

of the lower i n t en s i t y .  OS: outer segments;  PE: pigment epi thel ium;  

IRC: impacted red c e l l s  (x 1000).



Figure 5.7  ( 2 / 2 4 h / l  block D2). Light micrograph showing the

outer ret ina and the chor ioca pi 11 a r i s , twenty four hours af ter  

exposure  to l ight o( the lower in t ens i t y .  ONL: outer nucleur

layer;  PL: pigment epi thel ium;  CC : chor i oca pi l l ar i s  (x 1000).

Figure  5 .8  ( 2 / 2 4 h / 1 block C l ) .  Light micrograph showing the

ret ina ,  twenty four hours af ter  exposure  to l ight  of the lower  

i n t ens i t y .  Arrows: di srupted pigment ep i the l ia l  c e l l s ;  OS outer

s e g m e n t s ;  A:  a m a c r i n e  c e l l  ( x  4 0 0 ) .



Figure 5 . 9  ( 2 / 4 8 h / l  block A2).  Light micrograph showing the

outer re t ina ,  forty e ight  hours af ter  exposure  to l ight  of the  

lower i n t en s i t y .  Ma: macrophage ; PE: pigment epi thel ium; Arrow:

Mononuclear cel l  within Bruchs membrane (x 1 ,000) .

Figure  5 .10  (2/4D/1 block C4).  Light micrograph showing the

ret ina and choroid,  four d a y s  af ter  exposure  to l ight  of the lower  

i n t en s i t y .  Numerous phagosomes are present  within the pigment

e p i t h e l i u m  ( x  4 0 0 ) .



Figure  5.11 (2 /4D/2 block A l ) .  Light micrograph showing the

a ppearance  of the outer r et ina ,  four d a y s  af ter  exposure  to l i ght  

of the lower i n t e n s i t y .  One of the ce l l s  forming the i r re gu l a r  

l ay e r  above the pigment epi thel ium is shown.  PE: pigment e p i t h 

el ium (x 1000).

Figure  5 .12  ( 2 / l W/ l  block C2).  Light micrograph showing the

appearance  of the re t ina ,  one week af ter  exposure  to l ight  of

the lower i n t en s i t y .  There is a small  l es ion of the pigment e p i t h 

el ium o v e r l y i n g  a v es s e l  of the c h o r i c o c a p i l l a r i s . The vesse l

contains  a small  thrombus of red ce l l s  and p l a t e l e t s .  PE: pigment  

epi thel ium; Arrow : thrombosed v ess e l  (x 400).
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Figure 5.13 (2 /2W/1 block A2).  Light micrograph of the ret ina ,  

two weeks after exposure  to l ight  of the lower i nt ens i t y ,  showing  

poss ibl e  hyp er pl as ia  of the pigment epi thel ium (x AOO).

Figure 5.14 (2/2W/1 block A2),  Light micrograph of the ret ina ,

two weeks after exposure  to l ight  of the lower i nt ens i t y .  The 

remainder of the area seen in f igure  5.13 is shown (x 400).
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Figure 5.15 (2/2W/1 block Cl ) .  Light micrograph showing the

appearance  of the ret ina ,  two weeks after exposure to l ight  of 

the lower intens i ty .  There is s l i ght  oedema of the ent ire ret ina  

(x 400).

Figure 5.16 (2/2W/1 block D3). Light micrograph showing the

appearance  of the ret ina ,  two weeks after exposure to l ight  of 

the lower i nt ens i t y .  There is prominent oedema of the inner  

ret ina .  Many of the receptor cel l  nuclei  are pyknotic (x 400).
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Figure 5.17 (2/4W/1 block A2).  Light micrograph showing the

appearance  of the ret ina ,  four weeks after exposure  to l ight  of 

the lower i nt ens i t y .  There are minor di s turbances  of the outer  

ret ina.  The pigment epi thel ium is vacuolated.  Arrows : vacuoles

(x 400).

Figure 5.18 (2/4W/1 block C2).  Similar to f igure 5.17 but showing  

greater  di s turbances  of the outer segments and more ex t ens i ve  

vacuolat ion of the pigment epi thel ium (x 400).
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Figure 5-19 i 2 / l \ î / 2  block D2). Light micrograph showing d egener 

a t ive  changes  within the ret ina ,  four weeks af ter  exposure  to 

l ight of the lower intens i ty  1 x 400).

5.20 (2/4W/2 block 1)2). Light micrograph showing the appearance

of the pigment epi thel ium and the choroid,  under ly i ng  regions  

of retina such as shown in f igure 5.19.  The pigment epi thel ium  

conta ins  many small  vacuo l e s .  The choroidal  v e s s e l s  are f i l l ed  

with impacted red c e l l s .  PL: pigment epi thel ium; IRC: impacted

r e d  c e l l s  ( x  4 0 0 ) .
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F ig u r e  5.21 ' 1 bh 1 A2 > Light micrograph showing the appearance

ol I he rei i na and choroid,  s ix hours after exposure to l ight  of 

I he higher  intens i tv .  Many of the receptor cel l  nuclei  are pyknotic  

I her e is a cons iderable  amount of photoreceptor debris  present .  

INb: inner' nuc lea r layer;  ONL: outer nuclear  layer  (x 250).

Figure 5.22 11/bh/ l  block D4). Light micrograph of the ret ina

and choroid,  s ix hours after exposure to l ight  of the higher i nt ens 

ity.  Areas of ret ina showing s l ight  int race l lu lar  oedema were

often adjacent  to regions  of choroid in which the blood ves s e l s  

were f i l led with impacted red c e l l s .  IRC: impacted red ce l l s

( x  4 0 0 ) .
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Figu re  5 . 2 3  ' l /2Z.h/2  block A2K L ight micrograph of the re t in a ,

i\N’cn i\ '  lour  l iours a l t e r  ex posu re to l igh t  of the h igher  in te n s i t y .  

Pvkno l ic  nuclei  arc present in both the inner nuc lear  laye r  and 

tha' outer nuc lea r lave r .  Severely damaged pigment ep i the l ium 

IS separated from Bruch 's  membrane by a f ib rous  m a te r ia l .  INL: 

inne r  nuc lear  L iye r :  ON h : outer  nuc lear  laye r ;  PF: pigment

e p i the l ium ;  f'M: f ib rous  m a te r ia l  i x  4001.

F igure  5.24 ( l /24h /2  block P I ) .  L ight m icrograph of the re t in a ,  

twenty four  hours a f te r  exposure to l igh t  of the h igher  i n te n s i t v .

C e l l u la r  damage is evident in a l l  layers of the re t in a .  ILM: 

inne r  l im i t i n g  membrane: Me: Mu l le r  cell  cvtoplasm x 400).
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Figure  5.25 ( l / 4 8 h / l  block B2). L igh t  micrograph showing the

appearance of the re t ina  and choroid  fo r ty  e ight nours a f te r  

ex posure to l ig h t  of tl ie h ighe r  i n te n s i ty .  There is extens ive 

damage to both the neura l  re t ina  and the pigment ep i the l ium .

The chorioca pi 1 la r is  is occluded by p la te le ts  and red ce l ls .  

CC : cho r iocap i l  l a r i s  ( x 4001.

F igure  5.26 { l / 4 8 h / l  block A3). L igh t  m icrograph showing the

appearance of the re t ina  and choro id , fo r ty  e igh t  hours a f te r  

exposure to l ig h t  of the h ig h e r  i n te n s i ty .  In the less severely  

damaged regions the inner- re t ina  was of more normal appearance.

However, there was s t i l l  extens ive damage to the outer re t in a .

The vessels of the chor iocap i  l l a r i s  are f i l l e d  w i th  mononuclear 

ce l ls  ( x 250).
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Figure  5.27 ( l / 4 8 h / l  block L)2). L igh t  m ic rograph showing the

a ppca ra ncc of the re t in a ,  in a p e r ip h e ra l  region of the les ion,

l o r l y  eight hours a f te r  exposure to l i g h t  of the h igher  in te n s i t y .

There are pyknot ic  nuclei  w i t h in  the outer nuc lear  l a y e r .  The

receptor cel l  outer  segments are reduced in leng th .  ONL: outer

nuc lea r  laye r ;  OS: outer  segments (x 400).

F igu re  5.28 (1/4D/1 block 08) .  L ight  m ic rograph showing the

appearance of the oute r  re t ina  and choro id ,  in the centre of 

a lesion, four days a f te r  exposure to l ig h t  of the h ighe r  in te n s i t y .  

I'here is severe damage to the oute r  re t in a .  The cho ro ida l  vessels 

are f i l l e d  w i th  impacted red ce l ls .  1 PC : imj iacted red ce l ls

( X 4 0 0 ) .
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Figure 5.29 (1/4D/1 block D3). Light micrograph showing the

appearance  of the outer ret ina and choroid,  at the edge of a

les ion,  four days  after exposure to l ight  of the higher  i n t en s i t y .

The sub- re t i na l  space  is f i l led with macrophages .  The ch o r io ca p i l l ar i s  

conta ins  many mononuclear c e l l s .  Ma: macrophages;  Arrows:

mononuclear ce l l s  (x 400).
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Figura' 5 . 3 0  ' I 41' I block 1'o ' . L ight micrograph showing the

>'( • 1 I .( IK o!  t h e  re tm u .  m u per i ph. re. I region of the lesion, 

tour d u \ -  . l i te r  expoMirv' to l igh t  ol the t i igher  in te n s i t y .  Much 

ol t h e  v'u ! e t te i i ru i  h.i -  i>een re [> lu cod nv .Müller ce l l  cytoplasn i.  

Arrows: Mu.h't i. e I I nuclei  ' x 350'.
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F igu re  5 . 3 1  (1/4D/1 block D3). L ig h t  m ic rog raph  showing the

appearance of the re t in a  and cho ro id ,  four  days a f te r  exposure 

to l igh t  of the h ig h e r  i n t e n s i t y .  In the region shown there is

a ra p id  t ra ns i t ion from mi ld  to severe damage. Where there

is ex tens ive  loss of photoreceptor  c e l l s ,  M u l le r  ce l ls  are present

w i t h in  the outer  n uc lea r  la y e r .  Arrows: Mill 1er ce l ls ;  Ma: macro-

[>hago I X 2 5 0 1 .

E

F igu re  5.32 (1/2W/2 block C2). L igh t  m ic rograph  showing the

appearance of the r e t in a ,  two weeks a f te r  exposure to l ig h t  of 

the h ighe r  in t e n s i t v .  fhere  is com[)lete loss of the [Photoreceptors 

and the [)igment o p i the l iun i .  M u l le r  c e l l s '  cy top lasm occupies 

a l l  of the outer  r e t in a .  Me: M u l le r  cell  cy top lasm; Arrows:

th icke n in g s  of 13 r tie i t 's  membrane I x 40Ü ) .
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Figure 5-33 (1/4W/2 block C2l .  I. igh i  m ic rogra  [)h showing the

appearance of the re t in a  and ch o ro id ,  lou r  weeks a l t e r  ex[)Osuie 

to l ig h t  of the h ig h e r  i n t e n s i t y .  As shown in f i g u re  5.32, the 

oute r  re t in a  has been re[) I a ceil bv M i l l i e r  ce l l  cvto[) lasm. Adjacent 

to B ru ch 's  membrane are la rge  [t igmented ce l l s .  It is thought 

tha t  these ce l ls  are macrophages but th is  is not c e r ta in .  Pc: 

p igmented ce l ls  (x 400): P.M. B ru ch 's  membrane: Ar rows:

th ic k e n in g s  of B ru c h 's  membrane i x LOOK
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F igu re  5-34 (1/4W/2 block 1)2 ) . b igh t  m ic rog raph  showing an

area of [martial photorecepto r  loss, four  weeks a f te r  exposure 

to the h ig h e r  i n t e n s i t v .  The presence of [ ihotoreceptors  is in t imate-  

Iv a ssoc i a 1 eil w i th  the presence of [)igment e p i t h e l i a l  ce l ls  i x 

250 I .
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Figure 5.35 ( l / l W/ 2  block A3). Light micrograph of the ret ina,  one  

week after exposure to the higher  int ens i t y ,  showing an area of 

suspected pigment ep i the l ia l  pro l i f erat ion . Ma: macrophage;

PP: prol i ferated pigment epi thel ium (x 400).

Figure 5.36 (1/4W/2 block C2).  Light micrograph of the ret ina,

four weeks after exposure to l ight  of the higher  int ens i t y .  The 

pigmented ce l l s  are di f ferent  in appearance  to those seen in f igure  

5.35.  These large  pigmented ce l l s  are thought to be macrophages .  

Pc: pigmented ce l l s  (x 400).
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E-’ igu rc  ‘ ) . 3 7  I 4V. .' t b . c . k  H3 ' . l ight m ic rograph of the re t in a  

a n c i  c t i o c c i d .  I o n -  w e e k  > a l t e r  ex[)Osure to l ig h t  of the h ig h e r  

I fit et)-a t v . I tie regiot i  > h o w  n has suffered cons iderab le  loss of 

t e l  I tia I ce l ls .  Large [)igmented ce l ls .  p ro ba b ly  macrophages,

are preset) I a d | acen t to B ruch 's  membrane. fhe c h o r io c a p i l l a r i s  

is absent in the region shown. Pc: [ugmented ce l ls  ( x  2 5 0 ) .
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Figure  5.38 ( 2 /b h / l  block D4). Flectron m ic rograph  showing

tlie a pfu-' iuance ol the re t ina  and choro id ,  s ix hours a f te r  exposure 

to l igh t  oi the lower in t e n s i t y .  PF: pigment e p i the l iu m ;  CIS:

cone inner  segment; Arrows:  swol len M u l le r  ce l l  m i tochond r ia ,

IRC: impacted red ce l ls  (x 1,000).
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Figure  5.39 ( 2 /6 h / l  block D4). Electron m icrograph showing the 

pigment ep i the l ium  and receptor  ce l l  inne r  and outer  segments, 

s ix  hours a 1 te rexposure to l ig h t  of the lower i n t e n s i t y .  ROS: 

rod outer segment; CIS: cone inne r  segment; Mt: m i tochondr ia  ;

Ld: l i p i d  d ro p le t ;  N: nucleus (x 3,600).
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F i g u r e  5 .4 0  ( 2 / 6 h / l  b l o c k  D 4 ) .  E le c t r o n  m i c r o g r a p h  s h o w in g  the

o u t e r  n u c l e a r  l a y e r  a n d  the  o u t e r  p l e x i f o r m  l a y e r ,  s i x  h o u r s  

a f t e r  e x p o s u r e  to l i g h t  o f  th e  l o w e r  i n t e n s i t y .  Rn: ro d  n u c l e u s ;

Cn:  cone n u c l e u s ;  Me: M u l l e r  c e l l  c y t o p l a s m ;  Cp:  cone p e d i c l e  ;

Rs : ro d  s p h e r u l e  ; A r r o w s :  d i s t e n d e d  M u l l e r  c e l l  m i t o c h o n d r i a

(x 3 ,600) .
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Figu re  5.41 (2 /2 4 h / l  block D l ) .  Electron m icrograph showing

the appearance of the outer  r e t in a ,  twenty four  hours a f te r  exposure 

to l i g h t  of the lower in t e n s i t y .  Ev: elect ron lucent ves ic les ;

Mt: mitochondr ia  ; N: pigment e p i th e l ia l  nuc leus; CIS: cone

inner  segment; Arrows;  d i s in te g ra t i n g  receptor ce l l  nucle i  ' x 

1900).
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F i g u r e  5 .4 2  ( 2 / 4 8 h / 2  b l o c k  A 2 ) .  E l e c t r o n  m i c r o g r a p h  s h o w i n g

th e  a p p e a r a n c e  o f  t h e  o u t e r  r e t i n a  a n d  c h o r o i d , f o r t y  e i g h t  h o u r s  

a f t e r  e x p o s u r e  to  l i g h t  o f  the  l o w e r  i n t e n s i t y .  OS: o u t e r  s e g m e n ts ;  

PE: p i g m e n t  e p i t h e l i u m ;  A r r o w :  c e l l  i n  B r u c h ' s  m e m b ra n e  ( x  1,000).
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Figure 5 .43  (2 /48h/2  block A2).  Electron micrograph of a macro

ph ag e ,  seen in the subre t i na l  space ,  forty e ight  hours after e xp o s 

ure to l ight  of the lower i n t en s i t y .  RIS: rod inner segment;

Ph: phagosomes of receptor ce l l  material  (x 6 ,000) .



I '  '2 J ^ '

F i g u r e  5 .44  ( 2 /4 8 H /2  b lo c k  A 2 ) .  E le c t r o n  m i c r o g r a p h  s h o w i n g

the  c e l l  seen in  B r u c h ' s  m em bra ne  i n  F i g u r e  5 .42  a t  h i g h e r  p o w e r .  

PE: p ig m e n t  e p i t h e l i u m ;  Pbm: p ig m e n t  e p i t h e l i u m  basem en t  mem

b r a n e ;  CC : c h o r i o c a p i l l a r i s  ( x  7 , 6 0 0 ) .
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Figure 5.45 a.  (2/4D/1 block C4); b. (2/4D/1 block A2). Electron 

micrographs showing the appearances  of the pigment epi thel ium,  

four days  after exposure  to l ight  of the lower i n t en s i t y .  In

a.  the pigment epi thel ium is packed with phagosomes.  In b.

there appears  to be "budding" of the pigment epi thel ium (both

X  1 5 0 0 ) .



F ig u re  5 .4 6  ( 2 / 4 D /1  b lo c k  C 4 ) .  E le c t r o n  m i c r o g r a p h ,  a t  h i g h e r

m a g n i f i c a t i o n ,  o f  p i g m e n t  e p i t h e l i u m  show n  i n  F i g u r e  5 . 4 5 a .  

P h :  p ha g oso m e s ;  Mg :  m e l a n i n  g r a n u l e s  ( x  16 ,5 0 0 ) .
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Figure 5.47 (2/4D/1 block A2).  Electron micrograph,  at h igher

magni f i cat ion ,  of the pigment epi thel ium shown in Figure 5 .45b.  

The cel l  appears  to be constr icted at the level  of the zonula  

adh aerens .  ZA: zonula adhaerens  (x 6 ,600) .
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Figure  5-48 (2 /1W/] block C2). Electron micrograph of the outer

re t in a ,  one week a f te r  exposure to l i g h t  of the lower in t e n s i t v .  

Abnormal i t ies  of the pigment ep i the l ium were on lv  seen ad jacent 

to regions of occluded c h o r io c a p i l l a r i s .  Ev : electron lucent vesic le  

Ld: l i p id  d rop le t :  IRC: impacted red cel ls  (x 1,700).
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Figure  5.49 (2/2W/1 block C2). Electron m ic rograph of' the outer

re t ina  and choro id ,  two weeks a f te r  exposure to l ig h t  of the lower 

in te n s i t y .  by l ig h t  microscopy th is  region was thought  to show 

pigment e p i th e l ia l  p ro l i f e r a t i o n .  Ma: macrophage: PE: pigment

e p i t h e l i u m ;  A r r o w :  c e l l  w i t h i n  B r u c h ’ s m e m b r a n e  ( x  1 , 000 ) .



Figure 5 .50 (2/2W/1 block C2). Electron micrograph,  at h igher

m agnif icat ion ,  of the region shown in figure  5 .49 .  A c e l l  is  

present within Bruch's  membrane. BM: Bruch's  membrane; Ec:

endothel ia l  ce l l  cytoplasm; Ma: macrophage; PE: pigment ep i th e 

lium; C: cel l  of unknown or ig in  (x 3 ,800) .
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Figure 5.51 (2/2W/1 block D3). Electron micrograph showing

the appearance of the ret ina and choroid, two weeks after  exposure  

to l ight  of the lower in ten s i ty .  There is in tra ce l lu la r  oedema

of the inner nuclear  la y e r .  Receptor cell  cytoplasm is shrunken  

and dense ly  s ta ined .  INL: inner nuclear layer;  Rn: rod nucleus;  

Cn: cone nucleus; Me: Muller ce l l  cytoplasm; PE: pigment e p i th e 

lium (x900).
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Figure 5-52 (2/2W/1 block D3). Electron micrograph showing,

at higher  magnif icat ion ,  the pigment epithel ium seen in Figure  

5. 51. The cell  is nearly  normal in appearance apart from d i s t e n 

sion of its  mitochondria.  Mt: swollen mitochondria; CC: chorio-

c a p i l l a r i s  ( x  3 , 8 0 0 ) .
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F igu re  5-53 (2/2W/1 b lock D3). Electron m ic rograph  showing,

at s l i g h t l y  g rea te r  m a g n i f i c a t io n ,  the inne r  re t in a  shown in F igure

5.51- OS: outer  segments; 15: inn e r  segments; Rn: rod nucleus; 

Cn: cone nuc leus; Me: M u l le r  ce l l  cy top lasm; Mn: M u l le r  ce l l

nuc leus; A: amacrine c e l l ;  11: ho r izon ta l  c e l l ;  IFE: inner

p l e x i f o r m  l a y e r ;  G:  g a n g l i o n  c e l l  ( x  1 , 200 ) .
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F igu re  5.54 (2/4W/1 b lock A4). Electron m ic rograph  showing the 

appearance of the cho ro id ,  fou r  weeks a f te r  exposure to l i g h t  

of the lower i n t e n s i t y .  E x t r a - v a s c u la r  i n f l a m m a to r y  ce l ls  are 

a b un d a n t .  Ma: macrophage (x 1,650).
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F i g u r e  5 -55  (2/4W/1 block D2). Electron m ic rograph showing

the appearance of the oute r  r e t in a ,  four weeks a f te r  exposure 

to l ig h t  of the lower in te n s i t y .  PE: pigment e p i the l iu m ;  Ed:

l i p i d  d ro p le t ,  SER: smooth endoplasmic re t icu lum ;  ROS: rod outer

segment; Arrows: f loccu la te  m a te r ia l  w i th in  rod oute r segment n:

C I S :  c o n e  i n n e r  s egmen t  ( x  3 . 700 ) .
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Figure  5-56 (2/4W/2 block D2). Electron micrograph showing

degenerat ive  changes in the neura l  r e t in a ,  four weeks a f te r  expos

ure to l ig h t  of the lower in te n s i t y .  G: gang l ion  ce l l ;  A: amacrine 

ce l l ;  11: hor izon ta l  ce l l ;  M: Mu l le r  ce l l ;  ONE: outer  nuc lear

la ye r ;  IS: inne r  segments; OS: outer  segments (x 1,000).
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Figure 5.57 (2/4W/2 block D2). Electron micrograph showing

the appearance  of the pigment epithel ium and c h o r i o c a p i l l a r i s , 

in an area of ret ina l  d e g e n e r a t io n , four weeks after exposure  

to l ight  of the lower in t en s i t y .  SER: smooth endoplasmic ret iculum;  

Ed : l ip id  droplet;  Mt: mitochondria ; Ec: endothe l ia l  ce l l  cy to 

plasm; IRC: impacted rod c e l l s  (x 3,200).
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Figure 5.58 ( l / 6 h / l  b lock 32). Electron m icrograph  showing the

appearance of the outer  re t in a  and choro id ,  s ix  hours a f te r  expos

ure to l i g h t  of the h ig h e r  i n t e n s i t y .  ONL: oute r  nuc lear  la y e r ;

Arrows: p ykn o t ic  receptor  ce l l  nuc le i ;  PE: pigment ep i the l ium

( x  9 0 0 L
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F i g u r e  5 -59  ( l / 6 h / l  b lo c k  B2) .  E le c t r o n  m i c r o g r a p l i  s h o w in g  the  

a p p e a r a n c e  o f  the  p ig m e n t  e p i t h e l i u m ,  s i x  h o u rs  a f t e r  e x p o s u r e  

to l i g h t  o f  the  h i g h e r  i n t e n s i t y .  Eh : pha gosom e;  M l :  mi toc i ion  d r i a

Mg: m e la n i n  g r a n u l e s ;  OS: o u t e r  segment m a t e r i a l  <x S . 500),
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F i g u r e  5 .6 0  ( l / 6 h / 2  b l o c k  D 4 ) .  E le c t r o n  m i c r o g r a p h  o f  the  n e u r a l  

r e t i n a  s i x  h o u r s  a f t e r  e x p o s u r e  to l i g h t  o f  the  h i g h e r  i n t e n s i t y .  

The p a t t e r n  o f  d a m a g e  is  not  c h a r a c t e r i s t i c  o f  t h a t  p ro d u c e d  

b y  l i g h t .  G: g a n g l i o n  c e l l ;  IN L :  i n n e r  n u c l e a r  l a v e r ;  ONE:

o u t e r  n u c l e a r  l a y e r ;  IS:  i n n e r  s e g m e n t s ;  OS: o u t e r  s e g m e n t s

t X 1 . 200 ).



F i g u r e  5 .61 ( l / 6 h / 2  b l o c k  D 4 ) .  E l e c t r o n  m i c r o g r a p h  s h o w i n g  the

a p p e a r a n c e  o f  t h e  p i g m e n t  e p i t h e l i u m ,  a d j a c e n t  to a r e a s  o f  r e t i n a l  

d e g e n e r a t i o n ,  s i x  h o u r s  a f t e r  e x p o s u r e  to l i g h t  o f  the  h i g h e r  

i n t e n s i t y .  M t :  m i t o c h o n d r i a ;  RER: r o u g h  e n d o p l a s m i c  r e t i c u l u m ;

SER: smooth  e n d o p l a s m i c  r e t i c u l u m ;  Ec : e n d o t h e l i a l  c y t o p l a s m ;

l l g :  d e n s e l y  s t a i n i n g  m a t e r i a l  t h r o u g h t  to be h a e m o g lo b in  o r  one

o f  i t s  b r e a k d o w n  p r o d u c t s  ' x  8 , 8 0 0 ) .
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Figure 5.62 ( l / 2 4 h / l  b lock B2). Electron m ic rog raph  showing

the appearance of the ou ter  re t in a  and c h o r io c a p i l l a r i s ,  twenty  

fou r  hours a f te r  exposure to l i g h t  of the h ig h e r  i n t e n s i t y .  CC : 

c h o r io c a p i l l a r i s  ; PE: pigment e p i the l iu m ;  ONL: outer  nu c le a r

l a y e r  ( x  1 , 1 0 0 ) ,
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Figure 5 .63  ( l / 2 4 h / 2  block A2). Electron micrograph showing

the appearance  of the neural r e t i n a , twenty four hours after  

exposure  to l ig h t  of the h igher  in ten s i ty .  G: gan g l io n  c e l l ;

INL: inner  nuclear  layer;  ONL: outer nuclear  layer;  CS; cy s t ic

s p a c e s ;  OS: o u t e r  s e g m e n t  m a t e r i a l  ( x  950) .
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F ig u re  5.64 ( l / 2 4 h / l  b lock B2). Electron m ic rograph  showing

the appearance of the p igment ep i the l ium  and chor ioca pi l ia  r i  s , 

twenty  fou r  hours a f te r  exposure to l i g h t  of the h ig h e r  i n t e n s i t y .  

FE: pigment e p i th e l iu m ;  Ei: f i b r i n  (x 2,200).
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F i g u r e  5 . 6 5  ( l / 2 4 h / l  b l o c k  A 2 ) .  E le c t r o n  m i c r o g r a p h  s h o w i n g

the  p re s e n c e  o f  p l a s m a  a n d  f i b r i n ,  b e tw ee n  B r u c h ' s  m e m b ra ne  

a n d  the  p i g m e n t  e p i t h e l i u m ,  t w e n t y  f o u r  h o u r s  a f t e r  e x p o s u r e

to l i g h t  o f  the  h i g h e r  i n t e n s i t y .  Fi : f i b r i n  ( x  9 , 0 0 0 ) .
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Figure  5 .66  ( l / 2 4 h / 2  block C2). Electron micrograph showing

the app earance  of s u r v iv in g  pigment ep ithel ium ,  twenty four hours  

after  exposure  to l ig h t  of the h igher  in t e n s i t y .  Mt: mitochondria;  

Ld: l ip id  droplet;  Ph: phagosome; MO: mononuclear ce l l  (x

3 , 800).
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F i g u r e  5 -67  ( l / 2 4 h / 2  b l o c k  C 2 ) .  E le c t r o n  m i c r o g r a p h  s h o w i n g

th e  a p p e a r a n c e  o f  M u l l e r  c e l l s '  c y t o p l a s m  a t  the  l e v e l  ol the  

o u t e r  l i m i t i n g  m e m b ra n e ,  t w e n t y  f o u r  n o u r s  a f t e r  e x p o s u r e  to 

l i g h t  o f  th e  h i g h e r  i n t e n s i t y .  M v :  M i c r o v i l l i ;  M t :  m i t o c h o n d r i a

( x  1 8 , 0 0 0 ) .
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F igu re  5.68 ( l / 2 4 h / l  b lock B l ) .  Electron m ic rog rap l i  showing

the appearance of the c h o r i o c a p i l l a r i s , twenty  four  hours a l t e r  

exposure to l i g h t  of the h ig h e r  in t e n s i t y .  Cel ls ,  thought to be 

monocytes, are present w i t h i n ,  and between, the vessels ol the 

c h o r io c a p i l l a r i s .  MC: monocyte <x 3,700).
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Figure 5 .69  ( l / 4 8 h / l  block C l ) .  Electron micrograph of the outer  

ret ina and choroid ,  forty e ight  hours after exposure  to l igh t  

of the h igher  in t en s i t y .  OS: outer segment material;  PE: pigment

epithel ium; CC : c h o r io c a p i l la r is ;  MO: mononuclear cel ls; PL:

plasma ; Fi : f ib r in  (x  1 ,000) .
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F igu re  5.70 ( i / 4 8 h / l  b lock C l ) .  Electron m ic rograph  showing

the appearance of the inne r  re t i n a ,  fo r ty  e ight  hours a f te r  expos

ure to l i g h t  of the h ig h e r  i n t e n s i t y .  Arrows:  pykno t ic  and d i s 

in t e g r a t i n g  nuc le i ;  Me: M i l l i e r  ce l l  cy top lasm; Mn : M i l l le r  ce l l

n u c l e u s ;  G:  g a n g l i o n  c e l l  ( x  1 , 200 ) .
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F igu re  5.71 ( l / 4 8 h / l  b lock C l ) .  Electron m ic rog raph  showing

the appearance of the r e t in a ,  in the reg ion of the oute r  l im i t i n g

membrane, fo r ty  e igh t  hours a f te r  exposure to l i g h t  of the h ig h e r

in te n s i t y .  Rn: rod nuc leus; Me: M u l le r  ce l l  cy top lasm; Arrows:

M u l le r  ce l l  m i tochond r ia ;  SL: secondary lysosomes (x 4,600).
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F igu re  5-72 ( l / 4 8 h / l  b lock B2). Electron m ic rog raph  of the

pigment ep i the l ium  and choro id  , fo r t y  e igh t  hours a f te r  exposure 

to l ig h t  of the h ig h e r  i n t e n s i t y .  PE: pigment e p i th e l iu m ;  Ma:

macrophage; F : f i b r o b la s t ;  F i :  f i b r i n  (x 3,500).
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F i g u r e  5 .7 3  ( l / 4 8 h / l  b l o c k  B2) .  E le c t r o n  m i c r o g r a p h  o f  a c h o r o i d a l  

v e n u l e ,  f o r t y  e i g h t  h o u r s  a f t e r  e x p o s u r e  to l i g h t  o f  the  h i g h e r  

i n t e n s i t y .  The l i n i n g  e n d o t h e l i u m  is  s e v e r e l y  d a m a g e d  a n d  m a n y  

i n f l a m m a t o r y  c e l l s  f i l l  the  lum en  o f  the  v e s s e l .  PMN: p o l y 

m o r p h o n u c l e a r  l e u c o c y t e ;  MC:  m o n o c y t e ;  PL :  p l a t e l e t  ( x  3 , 6 0 0 ) .



a
i

F i g u r e  5 .74  ( l / 4 8 h / l  b lo c k  A 2 ) .  E le c t r o n  m i c r o g r a p h  s h o w in g

a less s e v e r e l y  d a m a g e d  r e g i o n  o f  n e u r a l  r e t i n a ,  f o r t y  e i g h t  

h o u r s  a f t e r  e x p o s u r e  to l i g h t  o f  the  h i g h e r  i n t e n s i t y .  G: g a n g l i o n  

Mn: M u l l e r  c e l l  n u c l e u s ;  A r r o w s :  p y k n o t i c ,  a n d  d i s i n t e g r a t i n g ,

r e c e p t o r  c e l l  n u c l e i  ( x  900) .
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F igure  5.75 ( l / 4 8 h / l  block A2). Electron micrograph showing

the appearance of the pigment ep i the l ium and choro id , fo r ty  eight 

hours a f te r  exposure to l i g h t  of the h ighe r  in te n s i t y .  OS: outer

segment m a te r ia l ;  PE: pigment ep i the l ium ;  CC : chorioca pi 1 la r i  s ;

BM: Bruch 's  membrane; Ma: macrophage; MO: mononuclear cell

between vessels of the c horioca pi 11 a r i s ; Arrow: ce l l  w i th in  Bruch 's  

membrane (x 1,500).
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F i g u r e  5 .7 6  ( l / 4 8 h / l  b l o c k  D2) .  E le c t r o n  m i c r o g r a p h  s h o w in g

th e  a p p e a r a n c e  o f  the  o u t e r  r e t i n a ,  i n  a p e r i p h e r a l  r e g io n  o f  

a l e s i o n ,  f o r t y  e i g h t  h o u r s  a f t e r  e x p o s u r e  to l i g h t  o f  the  h i g h e r  

i n t e n s i t y .  A r r o w s :  p y k n o t i c  a n d  d i s i n t e g r a t i n g  n u c l e i ;  Rn:

r o d  n u c l e u s ;  Cn :  cone n u c l e u s ;  Mn: M u l l e r  c e l l  n u c l e u s ;  Me:

M u l l e r  c e l l  c y t o p l a s m ;  PE:  p i g m e n t  e p i t h e l i u m  ( x  1 , 400) .



'ÉSêf'M4

»
#

%

F i g u r e  5 .77  ( l / 4 8 h / l  b lo c k  D2).  E le c t r o n  m i c r o g r a p h ,  s h o w in g

a t  h i g h e r  m a g n i f i c a t i o n ,  the  o u t e r  r e t i n a  seen in  F i g u r e  5 .7 6 .  

IS: i n n e r  se gm en t ;  OS: o u t e r  segment  m a t e r i a l ;  PE: p ig m e n t

e p i t h e l i u m  ( x  3 , 5 0 0 ) .
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F i g u r e  5 .7 8  ( l / 4 8 h / l  b l o c k  D 2 ) .  E le c t r o n  m i c r o g r a p h  s h o w i n g ,  

a t  h i g h e r  m a g n i f i c a t i o n ,  one o f  th e  M u l l e r  c e l l  n u c l e i  o b s e r v e d  

w i t h i n  th e  o u t e r  n u c l e a r  l a y e r  i n  F i g u r e  5 -76 .  Mn: M u l l e r  c e l l

n u c l e u s ;  PRn: p y k n o t i c  r o d  n u c l e u s ;  Ph:  phagosom es  o f  r e c e p t o r

c e l l  m a t e r i a l ;  A r r o w s :  d i s t e n d e d  M u l l e r  c e l l  m i t o c h o n d r i a  ' x

4 , 6 0 0 ) .



Figure 5-79 ( l / 4 8 h / 2  block B2).  Electron micrograph of the outer

ret ina and choroid,  forty e ight  hours after exposure  to l ight  

of the higher  i n t en s i t y .  The neural  ret ina does not appear  to

nave  suffered any damage but the pigment epi thel ium is highly 

unusual  in appearance .  PE: pigment epi thel ium (x 1,000).



Figure 5.80 ( l / 4 8 h / 2  block B2). Electron micrograph,  at higher  

ma g n i f i c a t i o n , of the pigment epi thel ium shown in Figure 5-79.  

Ap: apical  processes;  Ph: phagosome; Mt: mitochondria;  SEP:

smooth endoplasmic ret iculum; Bl: basal  info ldings;  N : nucleus

(x 8 ,000) .
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Figu re  5.81 (.1/4D/1 block B3). F igures 5.81, 5.82 and 5.83 a re

e lect ron m ic rographs of the same t issue b lock.  The f ie lds  shown 

are a p p ro x im a te ly  300pm a p a r t .  F igure  5.81 shows the appearance 

of the re t ina  and choro id ,  at the extreme edge of a les ion, four  

days a f te r  exposure to l ig h t  of the h igher  in te n s i t y .  S t ru c tu ra l  

abriof Ilia 1 i i ies  are l im i ted  to the outer  segments ana the pigment 

e p i the l iu m .  OS; outer segments; PK: pigment e p i the l iu m .

( X bO O  ) .
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F ig u re  5.82 (1/4D/1 block B3). Electron m icrograph showing the

appearance of the re t in a  and choroid four  days a f te r  exposure 

to l i g h t  of the h ig h e r  in te n s i t y .  The f ie ld  shown is a p p ro x im a te ly

300pm fu r th e r  toward the lesion than the f ie ld  shown in F igure

5 . 8 1 . There is a loss of photoreceptor ce l ls .  Macrophages are 

p le n t i f u l  in the s u b re t in a l  space. The pigment ep i the l ium  is

g r e a t l y  extended in d i re c t io n  of inc reas ing  seve r i ty  of damage. 

Arrow: pigment e p i t h e l ia l  extens ion; Ma: macrophage ; Mn : M u l le r

ce l l  nucleus; ONE: outer nuc lear  layer  ' x 9001.
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Figure 5.83 (1 /40/1 block B3). Electron m ic rog raph  showing the

appearance oi  the r e t in a ,  and choro id ,  four davs a f te r  ex[)Osure 

to l i g h t  of the h ig h e r  i n t e n s i t y .  The f ie ld  shown is approx i ma tel y 

300pm fu r th e r  in to  the lesion than tnat shown in F igure  5.B2.

The re t ina  has suffered co n s id e ra b ly  more damage. The vessels 

of the ch o r io ca p i l  l a r i s  are f i l l e d  w i th  mononuclear ce l ls ,  proba b ly  

monocytes. MO; mononuclear ce l ls ;  Ma; macrophage; Mn: M u l le r  

ce l l  nuc leus; CS; cys t ic  spaces ; HP; extensions ol t lie fugment 

e p i the l iu m .  i x 900 )



Figure 5.84 (1/4D/1 block B3).  Electron micrograph,  showing

at higher  magni f i cat ion ,  the pigment epi the l ia l  processes  seen 

in Figure 5.83.  The processes  appear to extend along Bruch's  

membrane below the degenerate  pigment epi thel ium.  DPE:

d e g e n e r a t e  p i g m e n t  e p i t h e l i u m ;  EP:  e x t e n s i o n s  o f  v i a b l e  p i g m e n t

e p i t h e l i u m  ( x  2 , 0 0 0 ) .



;4-

i r
,R|

M .

:

.< F )W

> ^ c ^ ‘ 1 :

Figure 5.85 (1/4D/1 b lock D3). Electron m icrograph  showing the 

appearance of the r e t in a ,  four  days a f te r  exposure to l igh t  o! 

the h ig h e r  i n t e n s i t y .  In the region shown there is consider.!  hi e 

photoreceptor  loss. Arrows; pykno t ic  and degenera t ing  re^ ep:ei  

ce l l  nuc le i ;  Mn; M u l le r  ce l l  nucleus;  Me; Mui le r -ceM \ ' p . "  ' : 

Ma; Macrophage; IS; inne r  segment; PK: pi grmai : it:..-,.

( x  1 , 3 5 0 ) .
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Figure 5.86 (1/4D/1 b lock D3). Electron mlcrograp)h s l iowing,

at h ighe r  m a g n i f i ca t io n ,  the appearance of the s u r v iv in g  photo

receptors,  four  days a f te r  exposure to l igh t  of the h igher

in te n s i t y .  Hn: rod nucleus; Mn: Mu l le r  cell  nucleus; Mv: Muller

cel l  micro v i l l i ;  Mt: m itochondr ia  'A iu l le r  c e l l ' :  Ph: pha gosome ;

I : c e l l  j u n c t i o n s  o f  o u t e r  l i m i t i n g  m e m b r a n e  ' x 3 . 0 0 0 ' .



Figu re  5.87 (1/4D/1 block C2). Electron m ic rograph  showing the

appearance of the oute r  re t in a  and the choro id ,  four  days a l t e r  

exposure to l i g h t  of the h ig h e r  i n te n s i t y .  The f ie ld  shown is 

from the centre of the les ion. ONE: outer nuc lear  la ye r :  OS:

oute r segment m a te r ia l ;  PE: pigment ep i the l ium ;  CC: ch o r io -

c a p i l l a r i s ;  IRC: impacted rod ce l ls  (x 850).
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Figu re  5.88 (1/4D/2 block C2). Electron m ic rograph  showing

the appearance of the re t in a  and the choro id ,  four  days a f te r

exposure to l i g h t  of the h ig h e r  in t e n s i t y .  The t issue shown is

from a smal le r  lesion than tha t  shown in F igure  5.87. Macrophages 

are abundant w i t h in  the oute r  re t in a ,  some are present w i th in

the inne r  nuc lear  l a y e r .  The c h o r io c a p i l l a r i s  is f i l l e d  w i th  mono

nuc lear  ce l ls .  Ma: macrophage;  Mn : M u l le r  ce l l  nuc leus;

‘. lO: m o n o n u c l e a r  c e l l  ' x 850>.



F igu re  5.89 (1/4D/2 b lock B2). Electron m ic rograph  showing

a mononuclear ce l l  pass ing  th rough  B ruch 's  membrane, four  days 

a f te r  exposure to l i g h t  of the h ig h e r  i n t e n s i t y .  MO: mononuclear

c e l l ;  BM : B ru c h ’ s membrane; Arrows: pigment e p i t h e l ia l  base

m e n t  m e m b r a n e ;  CC : c h o r i o c a p i l l a r i s  ( x  8 , 6 0 0 ) .
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F ig u re  5 -90  (1/4D/1 block D l ) .  Electron m icrograph  showing

a m i ld l y  damaged reg ion of outer  re t in a ,  four  days a f te r  exposure 

to l i g h t  of the h ig h e r  i n t e n s i t y .  There are d is tu rbances  of the 

rod oute r  segments. The pigment e p i t h e l ia l  m i tochondr i . j  .jru 

more densely s ta ined than normal .  RÜS; rod outer  segment; 

CIS: cone inne r  segment; COS: cone outer  segment; Mt: mi to 

c h o n d r i a  ( X  3 , 5 0 0 )  ,
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F igu re  5-91 (1/2W/2 block C2). Electron m ic rograph  of the re t ina

and the cho ro id ,  two weeks a f te r  exposure to l i g h t  of the h ig h e r  

i n t e n s i t y .  The photoreceptors and the pigment ep i the l ium  are 

complete ly  absent .  M u l le r  ce l l  cy toplasm is in d i rec t  contact 

w i th  B ru ch 's  membrane. There are th ic ke n in g s ,  and c e l l u l a r  

i n f i l t r a t i o n , of B ru ch 's  membrane. Macrophages and mononuclear 

ce l ls  are common in the inne r  regions of the cho ro id .  Mn: Mu l le r

ce l l  nuc leus: Me: M u l le r  ce l l  cytoplasm ; Arrows: th icke n in g s

o f ,  a n d  c e l l  w i t h i n ,  B r u c h ' s  m e m b r a n e ;  MO: m o n o n u c l e a r  c e l l s

' x 1 , 000  >.



F ig u re  5 -92  a a n d  b (b o th  1 / lW / l  b lo c k  C 2 ). a ) E le c tro n  m ic ro 

g ra p h  s h o w in g  th e  a p p e a ra n c e  o f th e  M ü lle r  c e l l  c y to p la s m , in  

an  a re a  o f co m p le te  p h o to re c e p to r  a n d  p ig m e n t e p i t h e l ia l  lo s s ,

one w eek a f t e r  e x p o s u re  to  l i g h t  o f th e  h ig h e r  in t e n s i t y .  Me: 

M u lle r  c e l l  c y to p la s m ; BM: th ic k e n e d  B ru c h 's  m e m b ra ne ; M.i :

m a c ro p h a g e , (x  2 ,6 0 0 ) .  b ) Same as a ) b u t s h o w in g  the  p re sen ce  

o f p ig m e n te d  a n d  n o n -p ig m e n te d  c e l ls  w i t h in  th e  s t r u c iu r e  o f

B ru c h 's  m e m b ra ne . Me: M u l le r  c e l l  c y to p la s m ; Be: p ig m e n te d

c e l l ;  NPc:  n o n - p i g m e n t e d  c e l l ;  B.M : B r u c h ' s  m e m b r a n e  ' x

2 , 600 ) .
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F ig u re  5 -9 3  (1 /4 W /2  b lo c k  D 2 ). E le c tro n  m ic ro g ra p h  s h o w in g

th e  a p p e a ra n c e  o f th e  r e t in a ,  in  a re g io n  o f p ro fo u n d  c e l lu la r  

lo s s , fo u r  w eeks a f t e r  e x p o s u re  to  l ig h t  o f the  h ig h e r  in t e n s i t y .  

G: g a n g lio n  c e l l ;  M n: M u lle r  c e l l  n u c le u s ; Me: M u lle r  c e ll

c y to p la s m ; Pc: p ig m e n te d  c e l ls ,  th o u g h t to  be m a c ro p h a g e s ;

BM: B ru c h 's  m e m b ra ne ; A r ro w : p ig m e n te d  c e ll w i t h in  the  s t r u c tu r e

o f  B r u c h ' s  m e m b r a n e  ( x  1 , 8 0 0 ) ,



Figu re  5-94 (1/4W/2 block C2). Electron m icrograph showing

the appearance of B ruch 's  membrane and the choro id ,  in an area 

of receptor and pigment e p i t h e l ia l  ce l l  loss, four  weeks a f te r  

exposure to l i g h t  of the h ig h e r  in te n s i t y .  There are th icken ings  

of B ruch 's  membrane. The c h o r io c a p i l l a r i s  is absent,  or ol h ig h ly  

a t y p ic a l  appearance. Arrows; th icken ings  of B ruch 's  membrane; 

CC: g re a t l y  reduced vessel of the chorioca p 111 a r i s . Tfie endot hel i a I

ce l ls  show c rc n e l la t io n  of th e i r  nuclei  which suggest:  corit r <ik t ion 

of the ce l ls  i x 2,000).
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F ig u re  5.95 {1/4W/2 block D2). Electron m ic rograph  showing

the appearance of the re t in a  and the choro id ,  fou r  weeks a f te r  

exposure to l i g h t  of the h ig h e r  in t e n s i t y .  S u rv iv in g  photoreceptors 

occur on ly  in assoc ia t ion w i th  v ia b le  pigment e p i the l ium .  Rn: 

rod nuc leus; PE: pigment ep i the l ium ;  Me: M u l le r  ce l l  cy toplasm

(x 900).



F ig u re  5 -9 6  (a) 1/4D/1 b lock D2; b) 1/4W/2 block D 3 ). Electron

m ic rog raphs  showing the appearance of the rod inne r  and ou ter  

segments, a) 4 days and b) 4 weeks, a f te r  exposure to l ig h t  

of the h ig h e r  i n t e n s i t y .  The reg ions shown are thought  to have 

suffered a s im i l a r  degree of i n i t i a l  damage. Rn; rod nuc leus; 

IS: inne r  segment; OS: ou ter  segment; Mn: M u l le r  cel l  nuc leus;

Me: M u l le r  ce l l  cy top lasm; j :  junc t ions  of the oute r  l im n i n g

m e m b r a n e ;  PE:  p i g m e n t  e p i t h e l i u m  ' b o t h  x 3.  lOi ) ' .
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F igu re  5.97 ( l / l W / 2  b lock A3). Electron m ic rograph  showing

an area of suspected p igment e p i t h e l ia l  p r o l i f e r a t i o n ,  one week 

a f te r  exposure to l i g h t  of the h ig h e r  in te n s i t y .  By l ig h t  microscopy 

th is  area was thought  to show pigment e p i t h e l ia l  prol  i fera t i o n . 

Electron microscopy suggested tha t  the m a jo r i t y  of the ce l ls  were 

macrophages. PE: pigment e p i the l iu m ;  Ma: macrophage <x 850).



F ig u re  5.98 ( l / l W / 2  b lock A3). E lectron m ic rog raph  showing ,

at s l i g h t l y  h ig h e r  power,  a reg ion  of suspected pigment e p i t h e l i a l  

p r o l i f e r a t i o n  one week a f te r  exposure  to l i g h t  of the h ig h e r  i n t e n s i t y  

The m a jo r i t y  of the ce l ls  present  are thought to be macro[)hages.

A s i m i l a r i t y  of the ce l ls  in the re t i n a ,  to the ce l l  between B ru ch 's  

membrane and the ch o ro id ,  is a p p a ra n t .  PE: pigment e p i th e l iu m ;

Ma: ce l ls  thought  to be macrophages; Ar row:  ce l l  pa rt 1 v w i t h in

B r u c h ’ ^ m e m b r a n e  ' x 1,200. ' .
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F ig u re  5 .9 9  (1 /6 W /2  b lo c k  C 2 ). E le c tro n  m ic ro g ra p h  s h o w in g

an a re a  o f s u s p e c te d  c e l l  p r o l i f e r a t io n ,  fo u r  w eeks a f te r  e x p o s u re  

to  l i g h t  o f th e  h ig h e r  in t e n s i t y .  The c e l ls  w i t h in  th is  re g io n

o f su s p e c te d  p r o l i f e r a t io n  w e re  o f tw o  ty p e s :  la r g e  p ig m e n te d

c e l ls ,  a n d  i r r e g u la r l y  s h a p e d  n o n -p ig m e n te d  c e l ls .  PE: p ig m e n t

e p i t h e l i u m ;  Pc :  p i g m e n t e d  c e l l ;  1C: i r r e g u l a r l y  s h a p e d  c e l l

( x  1 , 2 0 0 L
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F igu re  5.100 ( l /AW/2  block C2). Electron m ic rograph  showing,

at h ig h e r  power, the area of suspected p r o l i f e r a t io n  seen in F igure  

5 . 9 9 . The la r g e r  pigmented ce l ls  are thought to be pigment laden 

macrophage. The i r r e g u l a r l y  shaped ce l ls ,  on the basis of t f ie i r  

nuc lea r  appearance, cy top lasmic  appearance, and th e i r  a b i l i t y  

to fuse w i th  B ruch 's  membrane, are thought to be Mul le r  ce l ls .  

Me: Mu l le r  ce l l  cy top lasm; Pc: pigment laden macrophage ; BM:

B r u c h ' s  m e m b r a n e  ( x 2 , 3 0 0  1 .
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COMPARISON OF LEVELS OF RETINAL ILLUMINATION

1INDIRECT OPHTHALMOSCOPE 68.6 mWcm"’̂

SLIT-LAMP ^ 217 MWcM'2
9

SURGICAL MICROSCOPES 
------ :— —— :— .... ........... . 460 mWcm"̂ --970 mWcm"̂ |

1 C a lk in s ,  J .L .  a nd  H o ch h e im e r, D .F . (1980)

2 H o c k h e im e r, B .F . ,  D 'A n n a , S. A. a n d  C a lk in s , j . L .

Figure 5.103
Table showing retinal illumination levels 

associated with various light sources.
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6 .1  FINDINGS IN  RELATION TO AIMS

The a im s o f th is  p ro je c t  w e re :

1) To in v e s t ig a te  th e  f in e  s t r u c tu r a l  ch a n g e s  in  th e  r a b b i t

re in a e  r e s u l t in g  fro m  m o d e ra te  in t e n s i t y ,  m o d e ra te  d u r a t io n  (1 

h o u r ) ,  e xp o su re s  to  w h ite  l i g h t .

2} To d e te rm in e  th e  th re s h o ld  fo r  l i g h t  dam age .

3) To in v e s t ig a te  q u a l i t a t i v e ly  a n d  q u a n t i t a t iv e ly  dam age to  

in d iv id u a l  r e t in a l  com ponents  r e s u l t in g  fro m  v a r io u s  deg rees  o f 

s u p e r th re s h o ld  l i g h t  e x p o s u re .

4) To in v e s t ig a te  a n y  p o s s ib le  e ffe c t o f l i g h t  on th e  s t r u c tu re  

o f th e  c h o ro id ,  a nd  to  assess th e  ro le  o f c h o r o id a l dam age in  

p ro d u c in g  s e c o n d a ry  r e t in a l  c h a n g e s .

5) To s tu d y  th e  r e p a i r  p rocesses  fo l lo w in g  l i g h t  dam age .

These a im s s h a l l  be d is c u s s e d  in  th e  o rd e r  g iv e n  a b o ve .

1) th e  l i g h t  le v e ls  e m p loyed  in  th is  in v e s t ig a t io n  w e re  ch ose n ,

a t  f i r s t  s u b je c t iv e ly ,  to  be c o m p a ra b le  w i th  th e  l i g h t  le v e ls  used  

in  such  p ro c e d u re s  as in d i r e c t  o p h th a lm o s c o p y . The le v e ls  o f 

r e t in a l  i l lu m in a t io n  w ere  la t e r  c a lc u la te d  (a s  s u ita b le  e q u ip m e n t 

becam e a v a i la b le ) .  A good a g ree m e n t w as fo u n d  be tw een  th e  

l i g h t  le v e ls  em p loye d  in  t h is  in v e s t ig a t io n  a n d  th e  le v e ls  o f 

i l lu m in a t io n  e x p e r ie n c e  b y  hum an  r e t in a  d u r in g  in d i r e c t  o p h th a lm o 

s c o p y . The le v e ls  o f r e t in a l  i l lu m in a t io n  in  t h is  s tu d y  w e re

—2 —2 be tw een  20mWcm a n d  84mWcm . I n d i r e c t  o p h th a lm o s c o p y  has

been show n (C a lk in s  a n d  H o ch h e im e r, 1980) to  r e s u l t  in  r e t in a l

—2i l lu m in a t io n  le v e ls  o f a b o u t 69mWcm

The a p p e a ra n c e  o f th e  l i g h t  dam aged  r e t in a l  t is s u e s  w as 

s im i la r  to  p r e v io u s ly  p u b lis h e d  d e s c r ip t io n s  a p a r t  fro m  th e  v a r ia 

t io n  in  dam age seen w i t h in  in d iv id u a l  eyes . T h is  v a r ia t io n  has 

a lr e a d y  been d is c u s s e d . In  th e  n o n - s u r v iv a l  e x p e r im e n ts , w h e re
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th e  a n im a ls  w e re  k i l l e d  im m e d ia te ly  a f te r  th e  e x p e r im e n ta l l i g h t  

e x p o s u re , u l t r a s t r u c t u r a l  a b n o rm a lit ie s  w ere  f i r s t  e n c o u n te re d  

in  g ro u p  4. The p ig m e n t e p i t h e l ia l  c e lls  in  th e  a n im a ls  in  th is  

g ro u p  o c c a s io n a lly  h a d  ro u n d e d  n u c le i ,  s w o lle n  m ito c h o n d r ia ,  

a n d  d is te n d e d  sm ooth e n d o p la s m ic  re t ic u lu m .  B o th  th e  ro d  a n d  

cone c e lls  show ed a b n o rm a lit ie s  o f t h e i r  in n e r  a n d  o u te r  segm en ts : 

th e  cone c e lls  e x h ib i t in g  a s l i g h t l y  g re a te r  d e g re e  o f dam ag e . 

As a l l  these  in d ic a t io n s  o f dam age a p p e a re d  s im u lta n e o u s ly  in  g ro u p  

4, th e  p r im a r y  s ite  o f l i g h t  dam age re m a in s  o b s c u re . The u n 

e xp e c te d  s e n s i t i v i t y  o f th e  cone c e lls  to  dam age does le a d  one 

to  su sp e c t th a t  th e  cone re c e p to r  c e lls  w e re  th e  p r im a r y  s ite

o f u l t r a s t r u c t u r a l  dam ag e . H o w e ve r, i t  does n o t fo l lo w  th a t  th e y  

w e re  th e  p r im a r y  s ite  o f fu n c t io n a l  im p a irm e n t.  The h is to c h e m ic a l 

s tu d ie s  o f H annson  (1 9 7 0 b ), a n d  th e  re p o r t  o f Ham, M u e lle r  a n d  

S lin e y  (1976) in d ic a t in g  in c re a s e d  r e t in a l  s e n s i t i v i t y  to  dam age 

a t  s h o r t  w a v e le n g th s ,  te n d  to  s u g g e s t th a t  im p a irm e n t o f some 

e n zym ic  fu n c t io n  o f th e  r e t in a l  p ig m e n t e p ith e liu m  m ay be th e

i n i t i a l  s ite  o f dam ag e . U l t r a s t r u c t u r a l  ch an g es  in  th e  p h o to 

re c e p to r  m ay be th e  f i r s t  in d ic a t io n s  - o f dam age , b u t  th is  is  n o t

s u r p r is in g  due to  th e  in t im a te  m e ta b o lic  r e la t io n  be tw een  th e  

p ig m e n t e p ith e liu m  a n d  th e  re c e p to r  c e l ls .

As th e  in te n s i t y  o f i l lu m in a t io n  w as in c re a s e d  (g ro u p s  3, 

2 a n d  1) dam age to  th e  o u te r  r e t in a  became m ore s e ve re . A t 

th e  tw o  h ig h e s t  in te n s it ie s  e m p lo ye d , se ve re  dam age to  th e  o u te r  

r e t in a  w as a s s o c ia te d  w ith  a p p re c ia b le  dam age to  th e  in n e r  r e t in a ,  

p a r t i c u la r l y  th e  h o r iz o n ta l ,  b ip o la r  a nd  a m a c rin e  c e l ls .  A t th e  

h ig h e s t  in te n s i t y  em p loye d  v a r y in g  deg rees  o f dam age  w e re  seen 

in  a l l  th e  c e l ls  o f th e  r e t in a .  I t  seemed p ro b a b le  th a t  th e  

in c re a s e d  s e v e r ity  o f dam age to  th e  in n e r  r e t in a ,  a t  th e  h ig h e r  

in te n s i t ie s ,  m ay be due  to  im p a irm e n t o f th e  t r a n s p o r t  system s
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o f th e  p ig m e n t e p ith e l iu m .  T h is  w o u ld  d e p r iv e  th e  r e t in a  o f 

e s s e n t ia l m e ta b o lite s , a n d  p r o b a b ly  p ro d u c e  an  is c h a e m ia - l ik e  

p a t te r n  o f dam ag e . In  some in s ta n c e s , e s p e c ia l ly  in  th e  h ig h e r

in te n s i t y  g ro u p s , o c c lu s io n  o f th e  c h o r io c a p i l la r is  b y  p la te le ts  

a n d  im p a c te d  re d  c e lls  w as p r o b a b ly  re s p o n s ib le  fo r  th e  dam age 

to  th e  in n e r  r e t in a .

2) The f i r s t  d e f in i te  s t r u c tu r a l  ch a n g e s  w e re  o b s e rv e d  in  g ro u p

4. T h is  g ro u p  w as exposed  to  an  e s tim a te d  r e t in a l  i l lu m in a t io n  
_2

o f 29mWcm fo r  one h o u r .  The t o ta l  e n e rg y  d e l iv e re d  to  th e
_2

r e t in a  w as th e re fo re  a b o u t 104Jcm . From  th e  A m e r ic a l N a t io n a l

S ta n d a rd  fo r  th e  sa fe  use o f la s e rs  (ANSI Z -136 -1 -1976  as q u o te d

b y  C a lk in s  a n d  H o ch h e im e r, 1980 ), the  m ax im um  p e rm is s ib le
_2

e x p o s u re  (MPE) fo r  a r e t in a l  i l lu m in a t io n  le v e l o f 29mWcm is  

101 seconds. H o w e ve r, th e  MPE is  c a lc u la te d  to  l ie  tw o  o rd e rs  

o f m a g n itu d e  b e lo w  th e  le v e l o f i l lu m in a t io n  w h ic h  w o u ld  r e s u lt  

in  a 50% p r o b a b i l i t y  o f p ro d u c in g  an o p h th a lm o s c o p ic a lly  v is ib le  

le s io n s  o f m onkey re t in a e .  T h e re fo re , e xp o s u re  t im e s , a t  th is  

le v e l o f i l lu m in a t io n ,  w o u ld  h a v e  to  be in  th e  o rd e r  o f 168 m in u te s  

( 101 s e c .^ x  1 00  ̂ p ro d u c e  an  o p h th a lm o s c o p ic a lly  v is ib le  le s io n .

The MPE a n d  th e  MPE x  100 fo r  th e  l i g h t  in te n s it ie s  used  

in  th is  in v e s t ig a t io n  h a v e  been c a lc u la te d  (F ig u re  6 .1 ) .

The MPE X 100 g iv e s  th e  le v e l o f i l lu m in a t io n  a t w h ic h  

le s io n s  o f th e  r e t in a  w o u ld  be e x p e c te d  to  become v is ib le .  I n  

th is  s tu d y ,  le s io n s  o f th e  r e t in a  w e re  seen in  g ro u p s  1 a n d  2.

—2The e s tim a te d  r e t in a l  i l lu m in a t io n  in  these  g ro u p s  w as 0.084Wcm 

a n d  0.038Wcm • The MPE x  100 fo r  Q .08m W cm "^ a n d  0.Q38mWcm~^

;a re  56 m in u te s  a nd  126 m in u te s  r e s p e c t iv e ly .  T h e re fo re , a s  . th e  

e xp o su re s  w ere  o f 60 . m in u te s , th e  p re d ic te d  a p p e a ra n c e  o f v is ib le  

le s io n s  a g re e s  w e l l  w i th  t h e i r  a c tu a l a p p e a ra n c e .
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3) The q u a l i t a t iv e  re s u lts  o f th e  im m e d ia te  e ffe c ts  s tu d y  w e re  

show n in  F ig u re  4 .4 0 . H o w e ve r, the se  o b s e rv a t io n s  c a n  be show n 

g r a p h ic a l ly  ( F ig .  6 . 2 ) .  I t  is  a p p a re n t  th a t  th e  cone c e lls  a re  

th e  r e t in a l  c e l l  ty p e  most s e n s it iv e  to  dam age , fo llo w e d  b y  th e

ro d  c e lls  a n d  p ig m e n t e p i t h e l ia l  c e l ls .  The c e lls  o f th e  in n e r  

n u c le a r  la y e r  a p p e a re d  to  be s l ig h t l y  le ss  s e n s it iv e  to  dam age

th a n  e ith e r  th e  p ig m e n t e p ith e liu m  o r re c e p to r  c e l ls ,  b u t  m ore 

s e n s it iv e  th a n  e ith e r  th e  M u lle r  c e lls  o r  th e  g a n g lio n  c e l ls .  

The M ü lle r  c e lls  a n d  th e  g a n g lio n  c e lls  w ere  o f s im i la r  s e n s i t i v i t y  

to  dam age a t th e  h ig h e r  l i g h t  in te n s i t ie s ,  b u t  th e  M u lle r  c e lls

a p p e a r  to  be s l ig h t l y  m ore s e n s it iv e  a t  th e  lo w e r  in te n s i t ie s .

The q u a n t i ta t iv e  re s u lts  o f t h is  s tu d y  w e re  d is a p p o in t in g ,  

as c o r re la t io n s  be tw een  l i g h t  in te n s i t y  a n d  c o u n ts  fo r  v a r io u s

c e l l  com ponents  w i t h in  th e  o u te r  n u c le a r  la y e r  w e re  p o o r .  Reasons 

fo r  th is  p o o r c o r r e la t io n  h a v e  a lr e a d y  been d is c u s s e d  in  C h a p te r  

4 . The m ethod o f q u a n t i f ic a t io n  d id  a p p e a r to  be s e n s it iv e  to  

c h a n g e s  in  th e  m o rp h o lo g y  o f th e  o u te r  n u c le a r  la y e r .  U n fo r tu n a te 

l y  th e  v a r ia t io n  w i t h in  a n d  be tw een  a n im a ls  w as so la r g e

as to  m ask a n y  p o s i t iv e  r e s u lts .  The v a r ia t io n  w i t h in  th e  

e x p e r im e n ta l t is s u e s  is  p r o b a b ly  r e la te d  to  th e  le n g th  o f th e

e x p o s u re  p e r io d  (1 h o u r ) .  T h is  lo n g  e xp o s u re  p e r io d  w o u ld  a llo w

re g io n s  o f severe  dam age to  d e v e lo p . P o s s ib le  re a so n s  fo r  th is  

h a v e  a lr e a d y  been d is c u s s e d  in  C h a p te rs  4 a n d  5 , j-o ca l

o c c lu s io n s  o f th e  c h o r io c a p i l la r is  b e in g  th e  m a in  c a n d id a te  fo r  

th e  p ro d u c t io n  o f th e  v a r ia t io n  seen in  r e t in a l  dam age .

A s e r ie s  o f e x p e r im e n ts  in v e s t ig a t in g  th e  co m b ine d  e ffe c ts  

o f v a r io u s  p e r io d s  o f a cu te  p re s s u re  in d u c e d  is c h a e m ia  c o u p le d  

w ith  e xp o s u re  to  l i g h t  h a v e  been c o n d u c te d . These e x p e r im e n ts  

w i l l  be re p o r te d  e lse h w e re  (M cK e ch n ie , Johnson a n d  F o u ld s ) .
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The l i g h t  in te n s i t y  e m p loye d  in  th a t  in v e s t ig a t io n  w as s im i la r

—2to  th a t  to  w h ic h  g ro u p  5 w as e xp o se d . T h a t w as 23mWcm fo r

one h o u r .  In  a d d it io n  one eye o f each  e x p e r im e n ta l a n im a l w as

made is c h a e m ic  fo r  one o f th e  fo l lo w in g  p e r io d s ,  15, 30, 45 o r

60 m in u te s . The r e t in a l  dam age p ro d u c e d  b y  th is  p ro c e d u re  w as 

m ore severe  th a n  th a t  p ro d u c e d  b y  l i g h t ,  o r  b y  is c h a e m ia , in  

is o la t io n .  The r e t in a l  dam age seen in  th e  co m b ine d  l i g h t  a nd

is c h a e m ia  e x p e r im e n ts  w as v e r y  s im i la r  to  th a t  seen in  t h is  s tu d y  

w h e re  th e  c h o r io c a p i l la r is  h a d  been o c c lu d e d  b y  in f la m m a to ry  

c e l ls ,  p la te le ts  o r  im p a c te d  re d  c e l ls .  In  th e  com b ine d  l i g h t  

a n d  is c h a e m ia  e x p e r im e n ts  th e  m o rp h o lo g y  o f th e  dam aged  t is s u e s  

v a r ie d  l i t t l e  w ith  lo c a t io n .  T h is  w as f u r th e r  e v id e n c e  th a t  fo c a l 

o c c lu s io n  o f th e  c h o r io c a p i l la r is  w as re s p o n s ib le  fo r  th e  v a r ia t io n  

seen in  th e  p u r e ly  l i g h t  dam age e x p e r im e n ts .

4) C h o ro id a l dam age w as o n ly  o b s e rv e d  in  th e  g ro u p s  exposed  to  

th e  h ig h e s t  l i g h t  in te n s i t y  (G ro u p  1 ) . The dam aged  c h o r o id a l 

c e lls  b e in g  f ib r o b la s ts  a n d  e n d o th e lia l c e l ls .  These dam aged  

c e l ls  w ere  o n ly  fo u n d  on th e  r e t in a l  a sp e c t o f th e  c h o ro id .  F o c a l 

o c c lu s io n s  o f th e  c h o r io c a p i l la r is  w e re  seen in  th e  g ro u p s  exposed  

to  lo w e r  l i g h t  in te n s i t ie s .  The consequences o f the se  o c c lu s io n s  

o f th e  c h o r io c a p i l la r is  h a ve  a lr e a d y  been d is c u s s e d .

5) The tw o  h ig h e s t l i g h t  in te n s it ie s  e m p loyed  in  th e  in v e s t ig a 

t io n s  d e s c r ib e d  in  C h a p te r  4 w e re  chosen fo r  f u r t h e r  in v e s t ig a t io n  

in to  th e  re c o v e ry  p ro ce sse s . T h e y  w e re  chosen  because  th e y  w ere  

a lr e a d y  k n o w n - to  cause  dam age to  th e  p h o to re c e p to rs  a n d  th e  p ig 

m ent e p ith e liu m ,  w ith  th e  a c c u m u la t io n  o f c e l lu la r  d e b r is  in  th e  

s u b r e t ln a l  sp ace . The a im  o f t h is  p a r t  o f th e  s tu d y  w as to  

in v e s t ig a te  th e  a p p e a ra n c e  o f th e  r e t in a  a n d  c h o ro id  a t v a r io u s  

tim e s  a f te r  th e  p h o t ic  in s u l t  to  d e te rm in e  th e  fa te  o f th e  c e l lu la r  

d e b r is  d e b r is  p ro d u c e d  b y  th e  i n i t i a l  in s u l t .
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The f in d in g s  o f th is  p a r t  o f th e  s tu d y  w e re  d e s c r ib e d  in  

C h a p te r  5 . D ia g ra m m a tic  re p re s e n ta t io n s  o f th e  re s u lts  a re  show n 

in  F ig u re s  5*101 a n d  5 .1 0 2 .

In  th e  g ro u p  exposed  to  th e  lo w e r in te n s i t y  th e  f in d in g s  

o f no te  w e re :-

a ) The a s s o c ia t io n  be tw een  seve re  r e t in a l  dam age a n d  

o c c lu s io n  o f th e  c h o r io c a p i l la r is .

b ) The a p p e a ra n c e  o f c e l lu la r  dam age w i t h in  r e t in a  one 

to  fo u r  w eeks a f te r  th e  e x p o s u re  to  l i g h t .  The ca use  o f t h is  

d e la y e d  r e t in a l  dam age  re m a in s  o b s c u re  b u t  s e c o n d a ry  r e t in a l  

dam age due to  d e la y e d  a p p e a ra n c e  o f c a p i l la r y  dam age w i t h in  

th e  c h o ro id  seems a p o s s ib i l i t y .

In  th e  g ro u p  exposed  to  th e  h ig h e r  in te n s i t y  th e  f in d in g s  

o f n o te  w e re :

a ) The good a s s o c ia t io n  be tw een  re g io n s  o f se ve re  r e t in a l  

dam age a n d  o c c lu s io n  o f th e  c h o r o id a l v e sse ls  o r  c h o r io c a p i l la r is .

b ) The phagocytos is  o f re c e p to r  c e l l  d e b r is  b y  M u lle r  c e l ls .

c ) The e x p a n s io n  o f M u lle r  c e l ls '  c y to p la s m  to  re p la c e  lo s t  

e lem en ts  o f th e  o u te r  n u c le a r  la y e r ,  a nd  th e  a c c o m p a n y in g  m ig ra t io n  

o f th e  c e l ls '  n u c le i .

d ) The in v a s io n  o f th e  l i g h t  dam aged  r e t in a  b y  in f la m m a to ry  

c e lls  o f v a s c u la r  o r ig in ,  a n d  th e  r e la t io n  be tw een  in f la m m a to ry  

c e l l  in v a s io n  a n d  p a te n c y  o f th e  c h o r o id a l c i r c u la t io n .

e) The m ig ra t io n  o f m onocytes  th ro u g h  B ru c h 's  m em brane . 

M a c ro p h a g e s  d e r iv e d  fro m  th e se  c e lls  w e re , in  th e  m a in , re s p o n s 

ib le  fo r  th e  re m o v a l o f c e l lu la r  d e b r is .

f )  The a s s o c ia t io n  o f p ig m e n ta ry  d is tu rb a n c e s ,  e .g .  h y p e r 

p la s ia  a n d  b u d d in g  o f th e  p ig m e n t e p ith e liu m  w ith  th e  lo n g e r  

re c o v e ry  p e r io d s .
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g ) The re g e n e ra t iv e  c a p a b i l i t ie s  o f th e  p h o to re c e p to rs  in  

th e  p re sen ce  o f p ig m e n t e p ith e l iu m .

h )  The h ig h  s u r v iv a l  o f cone c e lls  fo l lo w in g  l i g h t  dam age , 

even  th o u g h  t h e i r  o u te r  segm ents a p p e a r  to  be v e ry  s u s c e p t ib le  

to  dam age .

6.2 Possible Modifications of Experimental Design

One o f th e  m a in  causes o f c o n c e rn  a nd  d i f f i c u l t y  in  these  

e x p e r im e n ts  w as th e  system  used  to  i l lu m in a te  th e  e x p e r im e n ta l 

e yes . In  a n y  fu tu r e  e x p e r im e n ts  i t  w o u ld  be p re fe ra b le  to  use

a m o d if ie d  fu n d u s  c a m e ra , o r  a t  le a s t  an  o p t ic a l  sys tem  s im i la r  

to  t h a t  used  in  th e  fu n d u s  c a m e ra . W ith  th is  ty p e  o f o p t ic a l  

a r ra n g e m e n t i t  w o u ld  be p o o s s ib le  to  o b se rve  th e  fu n d u s  o f th e

e x p e r im e n ta l eye d u r in g  th e  co u rs e  o f th e  l i g h t  e x p o s u re . T h is  

w o u ld  a llo w  o b s e rv a t io n s  to  be m ade on th e  fo rm a tio n  o f le s io n s ,  

such  as w e re  seen in  th e  n o n - s u r v iv a l  e x p e r im e n ts , a n d  th e

re s o lu t io n  o f le s io n s ,  such  as w ere  seen in  th e  s u r v iv a l  e x p e r i

m e n ts . The r a te  o f fo rm a t io n ,  th e  tim e  o f a p p e a ra n c e , a n d  th e

ra te  o f re s o lu t io n ,  o f these  le s io n s  is  n o t kn ow n  fro m  th e  p re s e n t 

in v e s t ig a t io n .

G ive n  d ir e c t  v is u a l is a t io n  o f  th e  r a b b i t ' s  fu n d u s  d u r in g

th e  e x p e r im e n ta l e x p o s u re  i t  w o u ld  be p o s s ib le  to  m ake m ore e x a c t 

m easurem en ts  o f th e  a re a  o f r e t in a l  i l lu m in a t io n .

In  th e  e x p e r im e n ta l d e s ig n ,  th e  p o s s ib i l i t y  o f c o n t in u o u s ly  

m e a s u r in g  th e  o u tp u t  o f th e  l i g h t  sources  u s in g  a ra d io m e te r

w as c o n s id e re d . U n fo r tu n a te ly ,  th e  cos t o f su ch  e q u ip m e n t w as

p r o h ib i t iv e .  The absence  o f such  m e a s u r in g  e q u ip m e n t w as 

re c o g n is e d  as a f la w  in  th e  e x p e r im e n ta l d e s ig n  b u t  l i t t l e  c o u ld  

be done to  r e c t i f y  th e  p ro b le m .
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In  r e la t io n  to  th e  e x p e r im e n ts  o f Ham, M u e lle r  a n d  S lin e y  

{ 1976 ) ,  i t  w o u ld  h a v e  been a d v a n ta g e o u s  to  h a ve  been a b le  to  

a l t e r  th e  w a v e le n g th  d is t r ib u t io n  o f th e  l i g h t  re a c h in g  th e  r e t in a .  

T h is  c o u ld  be a c h ie v e d  b y  th e  use o f in te r fe re n c e  f i l t e r s ,  e i th e r  

n a r ro w  b a n d  p ass  f i l t e r s  o r  b y  use o f c o m b in a tio n s  o f lo n g  a nd  

s h o r t  w a v e le n g th  p ass  f i l t e r s .  W ith  c o m b in a tio n s  o f these  f i l t e r s  

i t  w o u ld  be p o s s ib le  to  a c h ie v e  b a n d p a sse s  fro m  a b o u t lOnm to  

lOOnm in  w id th .  One u n fo r tu n a te  consequence  o f such  f i l t e r i n g  

system s is  th e  need fo r  a p o w e r fu l l i g h t  so u rce  o f r e la t iv e ly  

even  o u tp u t  a c ro ss  th e  w a v e le n g th s  c o n s id e re d  fo r  in v e s t ig a t io n .  

In  t h is  re s p e c t xe n o n  a rc  la m p s  a re  p ro b a b ly  id e a l .

6 .3  O th e r P o s s ib le  E x p e r im e n ta l T e c h n iq u e s

In  th e  n o n - s u r v iv a l  e x p e r im e n ts , one o f th e  m a jo r  d i f f i c u l t i e s  

w as th e  la c k  o f lo c a l is a t io n  o f th e  s ite s  o f r e t in a l  dam age . 

I t  is  p ro b a b le  th a t  f lu o re s c e in  a n g io g ra p h y  w o u ld  show w h e re  

th e re  w ere  d e fe c ts  in  th e  p ig m e n t e p ith e l iu m .  T h is  w o u ld  a llo w  

more a c c u ra te  lo c a l is a t io n  o f le s io n s  o f th e  r e t in a .  I t  w o u ld  

a ls o  be o f in te r e s t  to  fo l lo w  th e  p a t te r n  o f re c o v e ry  b y  re p e a te d  

f lu o re s c e in  a n g io g ra p h y .

The p o s s ib i l i t y  o f u s in g  ERG’ s to  s tu d y  th e  i n i t i a l  deg ree  

o f d am ag e , a n d  th e  p ro g re s s  o f re c o v e ry  was c o n s id e re d . H ow ever; 

due  to  th e  sys tem  o f i l l u m in a t io n ,  th e  r e t in a  is  o n ly  p a r t l y  

i l lu m in a te d .  T h is  c o u p le d  w ith  th e  i r r e g u la r  n a tu re  o f  th e  le s io n s  

g r e a t ly  re d u ce s  th e  v a l i d i t y  o f th e  ERG in  a s s e s s in g  th e  deg re e  

o f r e t in a l  dam ag e . Some s tu d ie s  w e re  c o n d u c te d  in to  th e  use 

o f ERGs b u t  these  w e re  n o t s u c c e s s fu l.  A f te r  e x p o s u re  to  d a m a g in g  

le v e ls  o f i l lu m in a t io n  ERGs w e re  n o t re c o rd a b le .  A t lo w e r  le v e ls  

o f i l lu m in a t io n  th e  re c o v e ry  o f th e  ERG w as v e r y  s im i la r  to  th e  

n o rm a l d a r k  a d a p t io n  c u rv e  o b ta in e d  b y  m e a s u r in g  ERG w a ve
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fo rm  a m p litu d e s  a t v a r io u s  tim e s  a f te r  th e  c e s s a tio n  o f i l lu m in a t io n .

6.4  Future Lines of Investigation

The fu tu r e  l in e s  o f in v e s t ig a t io n  f a l l  in to  tw o  c a te g o r ie s :

1) A d d it io n a l  te c h n iq u e s .

2) New e x p e r im e n ta l m ode ls .

A d d it io n a l  te c h n iq u e s  in c lu d e  th e  c y to -c h e m ic a l d e m o n s tra tio n  

o f a c id  p h o s p h a ta s e  (G o m o ri, 1952) a n d  a r y l  s u p h a ta s e  (G o ld f is c h e r , 

1965) in  th e  p h a g o c y t ic  c e lls  p re s e n t w i t h in  th e  r e t in a ,  a n d  

c h o ro id ,  a f te r  d a m a g in g  e x p o s u re s . T h is  m ay be u s e fu l in  th e  

d e te rm in a t io n  o f th e  o r ig in s  o f these  p h a g o c y t ic  c e l ls .  These 

te c h n iq u e s  w ere  used  s u c c e s s fu lly  b y  E ssne r a n d  G o r r in  (1979) 

to  d e m o n s tra te  th e  p re sen ce  o f a c t iv e ly  p h a g o c y t ic  c e lls  in  th e  

re t in a e  o f r a ts  w ith  in h e r i te d  r e t in a l  d y s tro p h y .

H anson (1970b), b y  l i g h t  m ic ro s c o p y  a n d  h is to c h e m is t r y ,  

s u c c e s s fu lly  d e m o n s tra te d  a re d u c t io n  in  th e  a c t iv i t ie s  o f th e  

fo l lo w in g  enzym es in  th e  l i g h t  dam aged  r a t  r e t in a  : a ) C ytoch rom e

o x id a s e , b ) _ N ic o t in a m id e  a d e n in e  d in u c le ;o it id e  d ia p h o ra s e . c ) 

S u c c in a te  d e h y d ro g e n a s e . d ) L a c ta te  d e h y d ro g e n a s e .

I t  w o u ld  be o f in te r e s t  to  re p e a t th is  ty p e  o f e x p e r im e n t 

b u t  u s in g  th e  h ig h e r  re s o lu t io n  a ffo rd e d  b y  EM c y to c h e m is try .  

S e lig m a n , K a rn o v s k y ,  W a s s e rk ru g  a n d  H e n ke r (1968) h a v e  d e v is e d  

a te c h n iq u e  s u ita b le  fo r  th e  e le c tro n  m ic ro s c o p ic  lo c a l is a t io n  o f 

c y to ch ro m e  o x id a s e  a c t i v i t y .  I t  is  p ro b a b ly  p o s s ib le  to  s ta in

fo r  n ic o t in a m id e  a d e n in e  d in u c le o t id e  d ip h o ra æ  a c t i v i t y  a nd  s u c c in a te  

d e h y d ro g e n a s e  a c t i v i t y  b y  th e  use o f f e r r ic y a n id e  o r  n i t r o - s u b -  

s t i tu te d  té t r a z o liu m  s a l ts .  S im i la r ly ,  la c ta te  d e h y d ro g e n a s e

a c t i v i t y  ca n  be d e m o n s tra te d  b y  th e  a p p ro p r ia te  use o f té t r a z o liu m  

s a lts  (L e w is  a n d  K n ig h t ,  1977). W ith  these  te c h n iq u e s  i t  m ay 

be p o s s ib le  to  lo c a l is e  th e  m e ta b o lic  o r ig in  o f l i g h t  dam age h y p o 

th e s is e d  b y  Ham, M u e lle r  a n d  S lin e y  (1976 ).
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I f  l i g h t  dam age re s u lts  fro m  some m e ta b o lic  d is tu rb a n c e  

o f th e  c e l l  i t  is  p o s s ib le  t h a t  p h o to s e n s it is in g  a g e n ts  such  as 

th e  p h e n o th ia z in e s ,  th e  p s o ra le n s ,  a n d  th e  te t r a c y c l in e s  m ay 

e n h a n ce , o r  p ro d u c e  l i g h t  dam age a t u n u s u a l ly  lo w  le v e ls  o f 

i l lu m in a t io n .  P h e n o th ia z in e  has been show n to  in d u c e  a tro p h y  

o f th e  p h o to re c e p to rs  a n d  p r o l i f e r a t io n  o f th e  p ig m e n t e p ith e liu m  

( C e r le t t i  a n d  M e i.e r-R u g e , 1967). S tu d ie s  u t i l i s in g  EM c y to 

c h e m is try  in  c o m b in a t io n  w ith  v a r io u s  p h o to s e n s it is in g  a g e n ts  

m ay be u s e fu l in  e l lu c id a t in g  th e  m e ta b o lic  o r ig in  o f l i g h t  dam age .

New e x p e r im e n ta l m odels to  s tu d y  th e  e ffe c ts  o f l i g h t  on 

t is s u e s  c o u ld  in c lu d e  th e  use o f t is s u e  c u ltu r e  sys tem s. I t  seems 

p ro b a b le  th a t  l i g h t  o f s h o r t  w a v e le n g th s ,  a ro u n d  400nm, m ay 

dam age c e lls  b y  th e  p h o to c h e m ic a l p ro d u c t io n  o f h ig h ly  re a c t iv e  

r a d ic le s ,  o r  io n s ,  w h ic h  cause  c h e m ic a l m o d if ic a t io n  o f o th e r  

n e a rb y  m o le cu les  o f th e  c e l l .  I f  t h is  is  th e  ca se , th e n  i t  s h o u ld  

be p o s s ib le  to  p ro d u c e  " l i g h t  d am ag e " in  c e lls  o th e r  th a n  tho se  

o f th e  r e t in a .  The a b i l i t y  to  c o n d u c t s tu d ie s  on s im p le  sys tem s , 

such  as c u ltu r e d  f ib r o b la s ts  o r  p ig m e n t e p ith e l iu m ,  m ay g r e a t ly  

s im p l i f y  c y to c h e m ic a l a nd  b io c h e m ic a l s tu d ie s  o f l i g h t  dam age .
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LIGHT INTENSITY (Wcm“^) MPE (seconds) MPExlOO (minutes)

0 .084  34 . 56

0 .038  76 126

0.032  91 151

0 .029  101 168

0.023  126 210

0.020  146 243

F ig u re  6 .1

T a b le  g iv in g  the  l ig h t  in te n s it ie s  used  in  th is  in v e s t ig a t io n  

a nd  the  m ax im um  p e rm is s ib le  e x p o s u re  (M PE) c a lc u la te d  fro m  th e  

re co m m e n d a tio n s  o f A m e ric a n  N a t io n a l S ta n d a rd  fo r  th e  Safe Use

o f L a s e rs  (A N S I Z -1 3 6 . 1 -1 9 7 6 ). The MPExlOO g iv e s  th e  e x p o s u re

tim e  a t w h ic h  th e re  w o u ld  be a 50% p r o b a b i l i t y  o f p ro d u c in g  an

o p h th a lm o s c o p ic a lly  v is ib le  le s io n .
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G ra p h ic  re p re s e n ta t io n  o f the  q u a l i t a t iv e  re s u lts  g iv e n  in  

F ig u re  4 -40 .
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LIG HT DAMAGE'IMMEDIATE EFFECTS SERIES

GROUP AND 
INTENSITY DESIGNATION WEIGHT SEX COLOUR ANAESTHETIC DATE

1 L D l . l 1 . 8 kg 0* B 9 ml 7.10.77
LD1.2 1 . 8 kg " Br 8 ml 30, 8.77
LD1.3 1 . 5 k 6 B 8 W 8ml 30. 8.77
LD1.4 1 . 8 kg B 8 W 9 ml 30. 8.79

2 LD2.1 2 . 1 kg Fa 8 W 1 0 . 5m l 7.11.77
ID2.2 1 . 9 kg B 8 W 8h l 31.10.77
LD2.3 1 . 9 kg B 8 W 9 m l 19.11.78
LD2.4 1 . 7 kg B 8 M 8m l 19.11.78

3 LD3.1 1 . 3 kg Br 7m l 21.10.77
LD3.2 2 . 3 kg Br 10m l 21.10.77
LD3.3 1 . 8 kg Dg 8 W 9m l 3. 9.79
LD3.4 2 . 1 kg Dg 8 W 10m l 3. 9.79

4 LD4.1 2 . Dkg B 8 W 9 . 5 m l 10.11.77
LD4.2 2 .Ü K 6 B 8 W 9 . 5 m l 10.11.77
LD4.3 1 . 5 kg Dg 8 W 8 m l 17.11.78
LD4.4 1 . 5 kg Dg 8 W 8 m l 17.11.78

5 LD5.1 1 . 3 kg G 8 W 6m l 23.11.77
LD5.2 1 . 5 kg G 8 W 7 .5 m l 23.11.77

6 LD6.1 2 . 4 kg " Db 10m l 20.10.77

ANAESTHETIC Î . V .  40% URETHANE 

COLOUR CODE:

8 BLACK D S & W

B & W BLACK AND WHITE Dg

Br brow n  Dg & W
Br 8 H BROWN AND WHITE Fa 8 H 
Db dark b ro w n  G & W

DARK BROWN AND WHITE 

DARK GREY

DARK GREY AND WHITE 

FAWN AND WHITE 

grey  AND WHITE

Figure A l-1

T a b le  g iv in g  th e  d e ta i ls  o f th e  a n im a ls  used  in  the  " L ig h t  

Dam age Im m e d ia te  E ffe c ts "  e x p e r im e n ts .
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LIGHT DAMAGE RECOVERY SERIES

HIGHER
INTENSITY

DESIGNATION REC . PERIOD WEIGHT SEX COLOUR a n a e s t h e t ic DATE '• TIME KILLED

LDRi/6 / I 5 HOURS 1.8 KG (f G & W 6 m l 5.2.79 12.30
LDRl/6 /2 6 HOURS 1.7 KG B & W 8m l 15.5.79 14.45
LÛR1/24/1 24 HOURS 1.8 KG B a W 7 m l 29.1.79 12.15
UIRl/24/2 24 HOURS 1.8 KG B a w 6 m l 29.1.79 15.15
LDRl/48/1 48 HOURS 1.7 KG G a w 6 , 5 m l 30.1.79 12.15
LDRl/48/2 48 HOURS 2.2 KG B r 8 m l 9.5 .79 14.40
L0R1/4D/1 4 DAYS 1.4 KG D g  a W 6m l 5.2 .79 14.40
LDR1/4D/2 4 DAYS 1.6 KG " 6 a w 8 m l 4.5.79 11.50
LDRI/lW/l 1 WEEK 1.8 KG G a w 8 , 5 m l 30.1.78 10.50
LÛR1/1H/2 1 WEEK 2.1 KG B a w 8 m l 5.5.79 14.30
U)R1/2N/1 2 WEEKS 1.8 KG G a w 7m l 12.1.79 10.45
LÛR1/2W/2 2 WEEKS 2.0  KG G a H ■ 8 m l 12.1.79 12.40
LDR1/4W/1 4 WEEKS 1.7 KG G a H 7m l 15.1.79 11.30
LDR1/4W/2 4 WEEKS 2.3 KG " B r  a H 9 m l 15.1.79 14.45

LOWER

INTENSITY

DESIGNATION

ANAESTHETIC 3ml SAGATAL + ImL HEPARIN (5000 I .U .  5ml) + 6 ml  SALINE

LIGHT DAMAGE RECOVERY SERIES

REG. PERIOD HEIGHT SEX COLOUR ANAESTHETIC DATE TIME KILLED

LÛR2/6 / I 6 HOURS 2.3 KG (f B a W 7 m l 30.10.78 -
LDR2/6 /2 6 HOURS 1.7 KG B a w 8 m l 31.10.78 -
LDR2/24/1 24 HOURS 2.0 KG n B a w 8 m l 2.11.78
LDR2/24/2 24 HOURS 1.6 KG m B a H 8m l 13.11.78 11.45
LDR2/48/1 48 HOURS 1.9  KG # B a w 9 m l 11.12.78 14.00
LDR2/48/2 48 HOURS 1.9 KG m B a w 9 m l 11.12.78 15.30
LDR2/4Û/1 4 DAYS 1,8 KG # B a W 8m l 30.11.78 12.30
LDR2/4D/2 4 DAYS 1.7 KG m B a w 8 m l 30.11.78 15.10
LDR2/1W/1 1 WEEK 1.8 KG B a w 8 m l 22.11.78 10.50
LDR2/1W/2 1 WEEK 1.9 KG K B a w 8 m l 22.11.78 14.00
LÛR2/2H/1 2 WEEKS 1.7 KG m B a H 6m l 7.11.78 11.45
LDR2/2W/2 2 WEEKS 2.0  KG G a w 9 m l 7.11.78 14,30
L0R2/4W/1 4 WEEKS 2.3 KG B a w 1 0 m l 6.11.78 15.00
LDR2/4H/2 4 WEEKS 1.1 KG D g a w 7 m l 6.11.78 16.40

ANAESTHETIC 2m l SAGATAL + 1m l HEPARIN (5000 I .U .  5 m l ) +  7m l  SAL

F ig u re  A l- 2

T a b le  g iv in g  th e  d e ta i ls  o f th e  a n im a ls  used  in  th e  " L ig h t  

Dam age R e c o v e ry " e x p e r im e n ts .

1 5 7



A P P E N D I X  2

MEASUREMENT OF L IG H T IN TE N S IT IE S  AND ASSOCIATED

PARAMETERS

158



L I G H T  I N T E N S I T Y  MEASUR EM ENT S

The l i g h t  in t e n s i t y  m easurem en ts  w e re  made u s in g  a R ank 

H ila g e r  FT32 th e rm o p ile .  A l l  m easurem ents  w e re  m ade a t 50cm. 

fro m  th e  end  o f th e  l i g h t  g u id e .  F o r each  l i g h t  so u rce  th e  fo u r  

p o s s ib le  c o m b in a tio n s  o f l i g h t  im p u t a n d  o u tp u t  w e re  m e a su re d . 

The ends o f th e  l i g h t  g u id e  w as m a n ip u la te d  to  o b ta in  th e  m a x i

mum o u tp u t  fro m  th e  th e rm o p ile .

L IG H T SOURCE 1

0 .6 2  mWcm ^

0.40

0.40

0 .55

0 .4 9 .2 5  mWcm
-2

LIG HT SOURCE 2 

0 .4 2  mWcm ^

0 .44

0.40

0 .40

0 . 41 .5  mWcm-2 AVERAGE

C om bined  a v e ra g e  0.91mWcm -2

The m axim um  l i g h t  in t e n s i t y  used  in  t h is  in v e s t ig a t io n  

__2
w as 0.91mWcm m easu red  a t  50cm . fro m  th e  end  o f th e  l i g h t  

g u id e .  In te n s it ie s  a t  o th e r  d is ta n c e s  fro m  th e  end  o f th e  l i g h t  

g u id e  w e re  c a lc u la te d  b y  a p p ly in g  th e  la w  o f in v e rs e  s q u a re s  

( F ig .  A 2 -2 ) .
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BEAM ENERGY DISTRIBUTION AND TOTAL BEAM ENERGY

The r a d ia l  e n e rg y  d is t r ib u t io n  w i t h in  the  beam  w as m easured  

15cm. fro m  th e  end  o f th e  f ib r e  o p t ic  l i g h t  g u id e .  The p h o to 

d io d e  c i r u c i t  show n in  F ig u re  A 2.1  w as u se d . The d is t r ib u t io n  

o b ta in e d  is  show n in  F ig u re  A 2 .5 .

From  m easurem en ts  o f th e  l i g h t  in te n s i t y  w i t h in  th e  beam

i t  w as kn o w n  th a t  th e  m axim um  e n e rg y  w i t h in  th e  beam  a t 15cm.

—2fro m  th e  end  o f th e  l i g h t  g u id e  w as lO.OSmWcm

We know  lO.OSmWcm -25 .7  a r b i t r y  u n i ts  cm (F ig .A 2 .5 )

1 a r b i t r y  u n i t lO.OSmW
577”

1 .76mW

To f in d  th e  t o ta l  e n e rg y  w i t h in  th e  beam

E TOT I n te g r a l  o v e r th e  w h o le  beam  o f th e  r a d ia l  

e n e rg y  d is t r ib u t io n  ( i . e .  F ig .  A 2 .5 )

X s c a lin g  fa c to r  ( i . e .  1 .7 6 m W (a rb . u n i ts )  )

660mW
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AR EA  AND I N T E N S I T Y  OF R E T I N A L  I L L U M I N A T I O N

H ughes (1972) g iv e s  a sch e m m a tic  eye fo r  th e  r a b b i t .  T h is  

m ode l is  used  to  h e lp  e v a lu a te  th e  i l lu m in a t io n  f a l l i n g  on th e  

r a b b i t ' s  r e t in a  fro m  a f ib r e  o p t ic  l i g h t  g u id e  p la c e d  a d ja c e n t  

to  th e  c o rn e a l v e r te x .

• The r a y  d ia g ra m , u t i l i s i n g  H ughes p a ra m e te rs ,  is  show n 

in  F ig u re  A 2 .6 .

From  th e  d ia g ra m , b y  s im i la r  t r ia n g le s  th e  fo l lo w in g  a re  

o b ta in e d  :

Yi -  Yi

a n d  Yi -  Yi

F rom  (1 ) f( % -  Yi .)

i . e .  Yz ( f — s )

f

Y i

s '+  f'

1 )

2 )

SYi

Sizes fro m  H ughes

s = d ia a n c e to  c o rn e a  + 4.0m m  

s' = d is ta n c e  to  c o rn e a  + 4.7mn 

Ÿ ~ 13.3mm 

f = 9.9m m

I . e . (3 ) [ f - s ^ O . i f  f -  s =  0 no r e a l  
I  o r  v i r t u a l  im a g e  is  fo rm e d

From  (3 ) Yz -  Yi T T & r “ %

f - ( f - s  )
Yi

f -  s

Yi
f -  s )

1 6 1



Now s u b s t i tu te  in to  (2 ) fo r  ŷ . -  a n d  y^

Yi

I . e .

I . e .

I . e .

I . e .

( f -
Yl '

( f -  s ) (s ' + P)

f

s ( s '  + P )

S ^ ( f  -  S )

( s '  + f '  ) 

S'f 

f 's

s' . f ' .
Cf -  s )

-  (4 )

T h us  e q u a tio n s  (3 ) a n d  (4 ) m ay be used  to  d e r iv e  v a lu e s  

fo r  a n d  s' fro m  th e  p o s i t io n  a n d  s ize  o f th e  so u rce  a n d  th e  

p a ra m e te rs  g iv e n  b y  H u g he s .

F o r a 5mm. d ia m e te r  f ib r e  o p t ic  p la c e d  2mm fro m  th e  c o rn e a .

y%, = r a d iu s  o f  e f fe c t iv e  so u rce

9 .92 .5  .
9 -9  -  (2.0m m  + 4.0m m ) 

i . e .  r a d iu s  o f e f fe c t iv e  so u rce  = 6 .35m m .

E q u a t io n  (4 ) g iv e s :

s' = p o s it io n  o f e f fe c t iv e  so u rce  fro m  p la n e  H' 

(2 .0  + 4 .0 )m m  13.3mm

( 9. 9mm^ -  ( 2. Omm+4. Omm^ )

= 20.46m m (= d is ta n c e  to  c o rn e a  + 4.7m m  = 15.76mm to  c o rn e a )

H ughes d e s c r ib e d  th e  r e t in a  as b e in g  p o s it io n e d  a t a r a d iu s  

o f 9.6m m  w ith  a c e n tre  o f c u r v a tu r e  o f 8.3m m  to  th e  p o s te r io r  o f 

th e  c o rn e a .
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Thus th e  d is ta n c e  fro m  th e  e f fe c t iv e  source  to  th e  r e t in a  is

( 20 . 46mm -  4.7m m ) + (9 .6m m  + 8.3m m )

= 33 .66  

i . e .  s a y  33.7m m .

The sou rce  used  a n d  th e  o p t ic s  o f th e  r a b b i t  eye m ay be 

re p la c e d  b y  an e f fe c t iv e  sou rce  o f d ia m e te r  12.7m m . p o s it io n e d  

33.7m m . in  f r o n t  o f th e  r e t in a .

These d a ta  a nd  th e  m e a su red  in te n s i t y  d is t r ib u t io n  in  th e  

beam  ( F ig .  A 2 .5 ) w e re  used  to  c o n s tru c t  an  a p p ro x im a te  in t e n s i t y  

d is t r ib u t io n  in  th e  p la n e  o f th e  b a c k  o f th e  eye ( F ig .  A 2 .7 ) .

The d a ta  on th e  a b s o rp t io n  in  th e  o c u la r  m ed ia  ( F ig .  A 2 .3  

a n d  A 2 .4 ) in d ic a te  t h a t  o n ly  56% o f l i g h t  e n te r in g  th e  eye w i l l

re a c h  th e  r e t in a .  O b s e rv a t io n s  d u r in g  th e  e x p e r im e n ts  re v e a le d

th a t ,  because  th e  p u p i ls  w e re  m a x im a lly  d i la te d ,  th e  i r i s  d id

n o t r e s t r ic t  th e  e n t r y  in to  th e  eye o f th e  l i g h t  beam  fro m  th e

f ib r e  o p t ic  so th a t  o n ly  t ra n s m is s io n  losses need be c o n s id e re d .

The t o ta l  e n e rg y  re a c h in g  th e  r e t in a  is  t h e n : -

0 .56  X 660mW = 370m W.

A s c a le  fa c to r  fo r  th e  a b s c is s a  o f F ig u re  A 2 .6 b  is  r e a d i ly

d e d u ce d ; in te g r a t io n  o f t h is  d is t r ib u t io n  o v e r th e  w h o le  beam 

g iv e s  a to t a l  e n e rg y  o f 4 2 .4  a r b i t r a r y  u n i ts ,  w h ic h  m ust e q u a l 

370mW.

T hus fo r  F ig u re  A 2 .7b

1 a r b .  u n i t  = 8 . 7mW.

F ig .  A 2 .7 b  th e n  re v e a ls  th e  h ig h e s t  in te n s i t y  a t th e  r e t in a  is

84.4m W cm ~^ . (T h is  f ig u r e  is  an  a v e ra g e  o f th e  in te n s it ie s  o u t
_ 2

to  a r a d iu s  o f 0 .6 c m ). T h is  f ig u r e  o f 84mWcm re p re s e n ts  th e

h ig h e s t  r e t in a l  i l lu m in a t io n  used  in  these  s tu d ie s .  A l l  th e  o th e r  

in te n s i t y  le v e ls  show n in  F ig u re  A 2 .8  w ere  d e r iv e d  fro m  th is  f ig u r e .
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OKA

•VE

F ig u re  A2.1

T h is  f ig u r e  show s th e  c i r c u i t  d ia g ra m  o f th e  l i g h t  m e te r 

u sed  in  th e  c a l ib r a t io n  o f so u rce  2 to  g iv e  th e  r e q u ir e d  p e rc e n ta g e  

o u tp u t .  T h is  w as a c h ie v e d  b y  m e a s u r in g  th e  l i g h t  o u tp u t  w h ile  

a d ju s t in g  th e  i r i s  d ia p h ra g m  w i t h in  th e  l i g h t  s o u rc e .

A . fe t  op am p. uAF355 TC

D io d e . s i l ic o n  p h o to d io d e  (p e a k  re sp on se  SOOnm).

The d io d e  c u r r e n t  I q v a r ie s  w ith  l i g h t  le v e l fro m  In A  to  

1mA. The r e s is to r  R ( t y p ic a l l y  IM  ) is  chosen  to  g iv e  th e  re q u ir e d  

o u tp u t .  The o u tp u t  v o lta g e  w as d is p la y e d  on an  o s c illo s c o p e  

( T e c k t r in ix  5103N).



GROUP

SOURCES 

1 2

INTENSITY

5 0 cm

AT VARIOUS DISTANCES ^

1 5 cm ? .5C M

1 ON 1 0 0 :  ON 0 . 9 1 mWcm ' ^ 1 0 , OSmHcm" ^ 3 6 3 mHcm ' 2

2 OFF 1 0 0 :  ON 0,4lM W cM "2 y.GlMWCM'Z 1 6 5 mHcm ' 2

3 OFF 8 5 1  ON 0.34MWcM~2 3 .9 2 mHcm ’ 2 W O mHcm " ^

4 OFF 7 5 :  ON 0 .3 1 mWcm~^ 3,46M H cM "2 I I B mWcm ' ^

5 OFF 6 0 :  ON 0 .2 5 « H cm ' 2 2 . 7 7 mHcm ' ^ IQO mHcm" ^

6 OFF 5 3 1  ON 0 . 2 2 mHcm" 2 2.44M W cM "2 gOmWcM-Z

1 )  ASSUMING INVERSE SQUARE LAW A PPLIES

F ig u re  A 2 .2

T h is  ta b le  g iv e s  the  m ax im um  in te n s it ie s  w i t h in  th e  beam  

fro m  th e  f ib r e  o p t ic  l i g h t  g u id e  a t  v a r io u s  d is ta n c e s  fro m  th e  

end  o f th e  l i g h t  g u id e .
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w a v e l e n g t h
( n m )

400

TRANSMISSION OF LIGHT GUIDE AND OCULAR MEDIA

* 1  '
SOURCE LIG H T GUIDE OCULAR M EDIA

% EM E R G E N C E (rE LA TIV E ) I TRANSM ISSIO N ^  % EMERGENCE * I TRANSM ISSIO N IN C ID E N T ON R E T IN A

12.0 35 4.2 40 1.7
450 22.6 45 10.2 82 8.4
500 35.5 52 18.5 90 16.6
550 50.3 53 26.7 92 24.6
600 66.5 52 34.6 93 32.2
650 80.5 52 41.9 94 39.4
700 88.4 51 45.1 94 42.4
750 93.5 51 45.1 94 42.4
800 98.0 52 47.7 92 43.9
850 99.0 53 52.5 92 48.3
900 100.0 53 53.0 88 46.6
950 99.7 52 51.8 86 44.5

1000 97.4 52 50.6 56 28.3
1050 . 96.7 52 50.3 65 32.7
1100 93.5 52 48.6 82 39.2
1150 90.9 52 47.3 76 35.9
1200 87.7 52 45.6 22 10.0
1250 85.2 52 44.3 17 7.5
1300 81.3 52 42.3 23 . 9 .7
1350 74.8 50 37.4 15 5.6
1400 59.6 46 32.0 5 1.5

* 1 MAKES DATA

* 2 MAKERS DATA

* 3 GEERAETS AND BERRY 1966.

INTEGRAL OF A =■ 50285,66 

INTEGRAL OF B -  28328.33 

TRANSM ISSIO N FACTOR -  28328.33 

50286.66
0.55

F ig u re  A 2 .3

T h is  ta b le  g iv e s  th e  t ra n s m is s io n  o f th e  f ib r e  o p t ic  l i g h t  

g u id e  a n d  th e  o c u la r  m ed ia  o f th e  r a b b i t .  C o m b in in g  these  p a r a 

m e te rs  w ith  th e  o u tp u t  o f th e  so u rce  g iv e s  th e  w a v e le n g th s ,  a n d  

t h e i r  r e la t iv e  e n e rg ie s ,  in c id e n t  upo n  th e  r e t in a .  The in t e g r a l  

o f th e  p e rc e n ta g e  w a v e le n g th  em ergence  o f th e  f ib r e  o p t ic  sys tem  

d iv id e d  b y  th e  in t e g r a l  o f the  p e rc e n ta g e  w a v e le n g th  in c id e n t  

"u p on  th e  r e t in a  g iv e s  th e  t ra n s m is s io n  fa c to r  fo r  th e  r a b b i t  o c u la r  

m ed ia  o v e r  th e  w a v e le n g th  e m p lo ye d  in  these  e x p e r im e n ts . T h is  

t ra n s m is s io n  fa c to r  o f 0 .5 6  is  used  in  the  c a lc u la t io n  o f th e  r e t in a l  

i l lu m in a t io n .
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90- SOURCE EMISSION

70-

50-

30-

10-

LIGHT GUIDE EMISSION
50-

10-

50- LtGHT AT RETINA

30-

10-

800400 1400 2000
WAVELENGTH mn

F ig u re  K2.U

T h is  f ig u r e  show s th e  w a v e le n g th  d is t r ib u t io n  o f th e  s o u rc e s , 

th e  l i g h t  g u id e  e m is s io n  (e x t r a p o la te d  to  2 ,0 0 0 n m ), a n d  th e  w a v e 

le n g th s  in c id e n t  upon  th e  r e t in a .

1 6 7



o>

cm

F ig u re  A 2 .5

T h is  f ig u r e  g iv e s  th e  " r a d ia l "  e n e rg y  d is t r ib u t io n  w i t h in  

th e  beam  o f l i g h t  e m in a t in g  fro m  th e  f ib r e  o p t ic  l i g h t  g u id e  a t 

I5 cm . fro m  the  end  o f th e  l i g h t  g u id e .  The l i g h t  is  m e a su red  

in  te rm s  o f v o lts  o u tp u t  o f th e  p h o to d io d e  l i g h t  m e te r show n in  

F ig u re  A 2 .1 .



v irtual
im age

source

F ig u re  A 2 .6

T h is  f ig u r e  shows th e  r a y  d ia g ra m , u t i l i s i n g  th e  p a ra m e te rs  

o f H ughes (1971 ), w h ic h  w as c o n s tru c te d  to  e v a lu a te  th e  a re a  o f 

i l lu m in a t io n  on th e  r e t in a  p ro d u c e d  b y  a 5mm. d ia m e te r  f ib r e  

o p t ic  p la c e d  2mm. abo ve  th e  c o rn e a l v e r te x .



F ig u re  A 2 .7

D e r iv a t io n  o f a p p ro x im a te  r a d ia l  e n e rg y  d is t r ib u t io n  in  a 

p la n e  a t  th e  b a c k  o f th e  r a b b i t  e ye .

a ) D ia g ra m m a tic  I j^ s is  o f m e th o d . The c u rv e  (1 ) is  th e  m e a su re d  

in t e n s i t y  d is t r ib u t io n  o f F ig .  A 2 .5 . The  r a y  l in e s  (2 ) in d ic a te

the  a p p ro x im a te  s p re a d  o f th e  f r a c t io n a l  in t e n s i t y  c o n to u rs  a lo n g  

the  beam . T h e ' d ia g ra m  is  s c a le d  fo r  th e  a c tu a l f ib r e  o p t ic  (3 ) 

d ia m e te r  o f 5mm.

b ) D e r iv e d  a p p ro x im a te  r a d ia l  e n e rg y  d is t r ib u t io n  in  the  p la n e  

o f th e  b a c k  o f th e  r a b b i t  e ye . T h is  is  d e d u ce d  fro m  F ig .  A 2 .7 (a )  

b y

1) S e le c tin g  a p la n e  a t  th e  d is ta n c e  o f th e  r e t in a  fro m

th e  e f fe c t iv e  so u rc e  ( i . e .  33.7m m ) x  s c a l in g  fa c to r  o f  th e  r a t io

r e a l / e f f e c t iv e  so u rce  d ia m e te rs  ( i . e .  5 /1 2 .7 )  fro m  th e  so u rce

(3 ) in  a ) .  T h is  p o s it io n  is  th u s  13.3m m  fro m  ( 3 ) ,  in d ic a te d  

b y  th e  l in e  (4 ) in  a ) .

2) R e a d in g  o f f  th e  r a d ia l  p o s it io n s  o f  th e  f r a c t io n a l  in t e n s i t y  

c o n to u rs  on l in e  (4 ) a n d  s c a lin g  b y  1 2 .7 /5  ( = 2 .5 4 ) to  g iv e  t r u e  

v a lu e s .

3) P lo t t in g  f r a c t io n a l  in te n s i t ie s  a g a in s t  t h e i r  c o r re s p o n d in g  

r a d i i  to  p r o d u c e .F ig .  A 2 .7 b .
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LIGHT INTENSITIES

GROUP

SOURCES 

1 2

INTENSITY

50 cm

AT VARIOUS DISTANCES ^

1 5 cm 2 .  5 cm

ESTIMATED RETINAL ILLUMINATION 

A* B*

1 ON 1 0 0 :  ON 0 . 9 1 mHc h “ ^ IO .O S mHcm " ^ 3 6 3 mHcm " ^ 8 4 . 4 mHcm~^ 1 6 8 .4 mHcm ' ^

2 OFF 100% ON 0 . 4 1 mHcm ' ^ ^ . B I mHcm" ^ IS S mWcm ' ^ 3 8 . 6 mWcm ' 2 7 7 . 2 mHcm ' 2

3 OFF 85% ON 0 . 3 ^ mHcm ’ ^ 3 . 9 2 mWcm "2 1 9 0 mHcm~^ 3 2 . 8 mHcm‘ 2 6 5 . SmHcm ’ ^

4 OFF 75% ON 0 . 3 1 mHcm " 2 3 , 4 6 mHcm~ ^ I I S mHcm" ^ 2 8 . 9 mHcm~2 5 7 . 9 mWcm " ^

5 OFF 60% ON 0 . 2 5 mHcm “ 2 2 . 7 7 mHcm" 2 1 0 0 mHcm‘ 2 2 3 . 2 mWcm~^ 4 6 . 3 mWcm ‘ 2

6 OFF 53% ON 0 . 2 2 mHcm ‘ 2 2 .  W h Hcm" ^ SOmWcm" ^ 2 0 . 4 mHcm" 2 4 0 , 9 mHcm ' ^

1 )  ASSUMING INVERSE SQUARE LAW A PPLIES

A* ASSUMING AREA OF RETINAL ILLUMINATION 
TO BE AS ESTIMATED

B* ASSUMING AREA OF RETINAL ILLUMINATION 
TO BE *5 OF THAT ESTIMATED

F ig u re  A 2 .8

T h is  ta b le  shows th e  r e la t io n  be tw een  a n im a l g ro u p  n u m b e rs  

a n d  the  le v e l o f i l lu m in a t io n  to  w h ic h  th e y  w e re  e xp o se d . The 

l i g h t  in te n s i t ie s  a re  g iv e n  fo r  a v a r ie t y  o f d is ta n c e s  fro m  th e  

end  o f th e  f ib r e  o p t ic  l i g h t  g u id e .  E s tim a te s  o f r e t in a l  i l l u m in a 

t io n  le v e ls  a re  a ls o  sh o w n .



APPENDIX 3 

Q U AN TIF IC ATIO N  : NUMERICAL DATA

1 7 2



F ig u re s  A3.1 to 10

These f ig u r e s  g iv e  th e  co m p le te  n u m e r ic a l d a ta  fro m  th e  

q u a n t i f i c a t io n  e x p e r im e n ts ,  x  • m ean; SD: s ta n d a rd  d e v ia t io n ;

P: th e  p r o b a b i l i t y  v a lu e  o f th e  re s u lts  w hen t  te s te d  a g a in s t

th e  p o o le d  c o n t ro l r e s u l t s .

ANIUAI. 1.1

B l o c k  Al

B l o c k  84

B l o c k  C2

B l o c k  D1

PYK
RCN

X

SD
P
X

SD
P
X

SD
P
X

SD
P

4 . 5  
1 .0

BLOCK RESULTS ANIMAL RESULT

RC uc PYK RC MC
RCN CYTO CYTO RCN RCN CYTO CYTO

4 3 . 0 3 4 . 5 2 2 . 0 X  1.1 4 4 . 6 35 .6 1 8 . 6
6 . 3 2 . 0 3 9 SO 2 . 1 1 2 . 8 11 .4 4 . 8
0 . 0 2 NS NS P 0.  005 0 . 0 2 NS

54 .0 26 0 2 0 . 0
7 . 0 2 . 6 5 0

NS NS NS
27.  0 5 2 . 0 1 7 . 0

7 . 4 7 , 8 4 . 0
0 . 0 0 1 0 . 0 0 1 NS

54 .0 3 0 . 0 1 5 . 0
9 . 0 8 . 0 3 3

NS NS NS

SD

CONTROL BLOCK

4 5 . 0
2 . 5

50.  0 
1 . 3

2 4 . 0
3 . 0

F ig u re  A 3.1

N u m e ric a l d a ta  fo r  a n im a l L D l . l .
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Block A2

B l o c k  A4

B l o c k  Ü1

B l o c k  B3

X

SÜ
P
X

SD
P
X

SD
P
X

SD
P

X

SD

Bl o c k  A3

B l oc k  B4

B l o c k  C2

B l o c k  D1

X

SD
P
X

SD
P
X

SD
P
X

SD

P

SD

ANIMAL L.D.  1 . 2 .

BLOt'K RESULTS

PYK RC MC
RCN RCN CYTO CYTO

50.  0 2 7 . 8 2 2 , 8
- 1 4 . 3 5 . 9 9 .  1
- NS NS NS
- 56.  3 28 5 1 5 , 3
- 2 . 4 4 . 5 4 . 4
- NS NS NS
- 6 1 . 3 25.  0 1 4 . 0

- 3 . 8 3 . 7 2 . 2
- 0 . 0 0 5 0 .05 NS

1 . 5 5 4 . 3 32 .0 1 2 . 2 5
3 0 2 . 9 8 . 8 8 .  I

- NS NS NS

CONTROL liLCK’K

- 5 3 . 3 2 6 . 0 22.  0
5. 3 6.  1 6 .2

ANIMAL L.D 1 . 3

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO

1 0 . 5 3 8 . 8 3 7 . 0 1 3 . 5
5 , 7 13 . 1 7 . 6 6 . 2

- 0 , 0 0 1 0 . 0 0 5 NS
0 . 3 4 8 . 3 34.  5 1 7 . 0
0 . 5 6 , 6 6 . 8 2 . 9

- NS NS NS
- 5 2 . 5 29.  0 1 8 . 8
- 5 . 3 7 8 5 . 9
- NS NS NS

2 . 8 5 3 . 0 2 8 . 5 1 5 . 8
3 . 7 7 . 3 3 . 1 2 . 8

- NS NS NS

CONTROL BLOCK

- 49.  5 3 1 , 8 1 8 . 8
- 7 , 0 5.  1 7 . 6

PYK
RCN

ANIMAL RESULT

RCN

X 0 . 4  
SD 1 . 5  
P

5 5 . 4  
7 . 7 
0 . 0 1

RC
CYTO

MC
CYTO

2 8 . 3 1 6 . 1
6 . 0 7 . 2

NS NS

ANIMAL RESULT.

PYK
RCN RCN

RC
CYTO

MC
CYTO

X

SD

P

3 . 4
4 . 9

4 8 . 1 3 2 , 3 1 6 , 3
9 , 7 7 , 0 4 . 4

NS NS NS

F ig u re  A 3 .2

N u m e r i c a l  d a t a  f o r  a n i m a l s  L D 1 .2  a n d  L D 1 . 3 .



B l o c k  A4

B l o c k  82

B l o c k  C3

B l o c k  D2

F ig u re  A3.3

X

SD
P
X

SD
P
X

SD
P
X

SD
P

X

SD

B l o c k  A3

B l o c k  B2

B l o c k  C4

B l o c k  D2

PYK
RCN

PYK
RCN

X

SD
P
X

SD
P
X
SD
P
X

SD
P

SD

4 . 0
5 . 0

2 . 0  
2 . 3

ANIMAL L.D.  1 . 4 .

BLOCK RESULTS

RC MC
RCN CYTO CYTO

5 2 . 5 3 2 . 0 1 4 . 5  X

6 . 8 1 0 . 0 4 . 9  SD
NS NS NS P

4 6 . 2 4 1 . 5 1 2 . 0
1 1 . 4 9 . 7 2 . 7

NS 0 . 0 0 1 0 . 0 5
4 5 . 0 3 6 . 5 1 9 . 3

5 . 0 5 . 9 3 . 8
NS NS NS

4 7 . 0 3 5 . 5 1 7 . 7
0 . 8 4 . 0 5 . 0

NS NS NS

CONTROL BLOCK

50.  3 3 2 , 0 1 8 . 3
a 4 8 . 8 4 5

ANIMAL L.D,  2 . 1 .

BLOCK RESULTS

RC MC
RCN CYTO CYTO

3 5 . 0 4 0 . 0 2 0 , 0  X

9 . 0 5 . 0 1 0 . 0  SD

0 . 0 0 1  0 . 0 0 5 NS P
4 8 . 0 3 4 . 0 1 5 . 0

4 . 9 2 . 2 6 . 0
NS NS NS

2 0 . 0 3 0 . 5 1 9 . 0
5 . 7 1 . 7 5 . 6

NS NS NS
4 6 . 0 3 2 . 5 2 0 . 0

2 . 0 5 . 6 4 . 4
NS NS NS

CONTROL BLOCK

4 9 . 5 3 0 . 0 2 0 , 0
2.9 1 .3 1 . 3

for an i mal s LD1.4 and

ANIMAL RESULT

PYK RC MC
RCN RCN CYTO CYTO

4 7 . 7
7 , 0

NS

3 6 . 1  1 0 . 9
7 . 9  4 . 8
0 . 0 0 5  NS

ANIMAL RESULT

PYK
RCN RCN

RC
CYTO

MC
CYTO

1 . 7
2 . 4

4 4 . 9
7 . 8
0 . 0 01

3 4 . 4  1 8 . 8
4 . 7  6 . 3
0 . 0 2 5  NS



B l o c k  Al

B l o c k  A2

B l o c k  B1

B l o c k  33

X

SD
P
X

SD
P
X

SD
P
X

SD
P

X

SD

B l o c k  Al

B l o c k  B2

B l o c k  C3

B l o c k  D4

X

SD
P
X

SD
P
X

SD
P
X

SD

P

X

SD

ANIMAL L.D 2 . 2 ,

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO

- 5 6 . 0 2 9 . 0 2 0 . 0
- 1 2 . 0 2 . 5 4 . 2
- NS NS NS

0 . 3 5 0 . 0 31 . 0 1 8 . 0
0 . 5 5 . 5 1 0 . 0 6 . 0

- NS NS NS
0 . 3 4 7 . 0 3 0 . 5 2 2 . 0
0 . 5 7 . 0 1 0 . 5 4 . 0

- NS NS NS
- 4 3 . 0 3 2 . 0 2 3 . 5
- 6 . 0 4 . 5 3 . 7

- 0 . 0 2 NS 0 . 0 5

CONTROL BLOCK

- 4 9 . 0 33.  5 1 8 . 0
5 . 0 2 . 6 5 0

ANIMAL L .D.  2 . 3

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO

_ 5 1 . 8 2 6 . 5 2 1 . 8
- 5 . 2 2 . 6 2 . 5
- NS NS NS

1 . 3 5 2 . 0 3 5 . 5 1 1 . 0
1 . 5 5 . 2 6 . 0 4 . 2

- NS NS 0 . 0 2 5
- 5 0 . 8 3 3 . 0 1 6 . 3
- 5 . 4 2 . 2 4 . 8
- NS NS NS
- 4 8 . 0 3 1 . 5 2 0 . 3

- 2 . 8 3 . 4 5 . 3
NS NS NS

CONTROL BLOCK

ANIMAL RESULT

PYK
RCN

X

SD
P

0. 1
0 . 3

RC
RCN CYTO

4 8 . 9 3 0 . 8
8 . 4 6 . 7

NS NS

MC
CYTO

2 1 . 0
4 . 6

0 . 0 5

PYK
RCN

X

SD
P

0 . 4

1.1

ANIMAL RESULT

RCN
RC

CYTO
MC

CYTO

5 0 . 8 3 1 . 6 1 7 . 3
4 . 1 4 . 8 5 . 8

NS NS NS

5 3 . 5  
4 .1

3 8 . 0
2 . 4

8 , 5
3 .1

F ig u re  A3.4

N um erica l d a ta  fo r  an im a ls  LD2.2 and LD 2 .3 .
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ANIMAL L . D .  2 . 4 .

BLOCK RESULTS ANIMAL RESULT

PYK
RCN RCN

RC
CYTO

MC
CYTO

B l o ck A2 X 1 . 3 5 0 . 3 3 0 . 3 1 8 . 3
SD 4 . 6 6 . 8 4 . 6 5 . 3
P - NS NS NS

B l o c k B3 X 2 5 . 0 2 5 . 0 2 3 . 8 2 6 . 0
SD 5 . 6 4 . 8 8 . 9 11 . 4
P - 0 . 0 0 1 0 . 0 2 0 . 0 1

B l o c k C3 X 1 . 0 5 3 . 0 2 7 . 3 1 7 . 8
SD 1 . 2 8 . 5 9 . 1 1 . 5
P - NS NS NS

B l o c k D2 X 1 1 . 0 4 0 . 5 3 3 . 8 1 5 . 5
SD 1 5 . 2 1 1 . 8 8 . 6 4 . 3
P - 0 . 0 0 5 NS NS

CONTROL BLOCK

X 5 3 . 0 2 8 . 3 19.  3

PYK
RCN RCN

RC
CYTO

MC
CYTO

X 9 . 8  
SD 1 2 . 3  
P

4 2 . 2  2 8 . 8
1 3 . 6  8 . 1

0 . 0 0 1  NS

1 9 . 4
7 . 3

NS

SD 7 . 0 7 . 2 6 . 3

ANIMAL L.D.  3 . 1 .

BLOCK RESULTS

B l o c k  A3

B l o c k  B2

B l o c k  C4

B l o c k  D2

PYK
RCN

X

SD
P
X

SD
P
X

SD
P
X

SD

P

SD

RCN
RC

CYTO
MC

CYTO

4 7 . 0 3 2 , 0 2 0 . 0
6 . 6 4 . 0 2 . 0

NS NS NS
4 8 . 0 3 4 . 0 2 1 . 0
1 0 . 0 7 . 8 1 3 . 0

NS NS NS
5 0 . 0 2 8 , 5 1 7 . 0

4 . 4 8 . 8 3 . 3
NS NS NS

4 7 . 0 3 0 . 0 2 2 . 0
6 . 1 9 . 0 4 . 4

NS NS NS

CONTROL BLOCK

5 3 . 0 3 0 . 0 1 9 . 0

6 . 9 2 . 0 5 . 5

PYK
RCN

SD-
P

ANIMAL RESULT

RCN
RC

CYTO
MC

CYTO

4 8 . 3 3 1 . 4 2 0 , 3
6 . 3 7 . 2 6 , 5

NS NS NS

F ig u re  A3.5

N um erica l d a ta  for an im a ls  LD2.4  and L D 3 .1 .
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B l o c k  Al

B l o c k  B3

B l o c k  C2

B l o c k  D3

B l o c k  A2

B l o c k  C4

X

SO
P
X

SD
P
X

SD
P
X

SD
P

X

SD

X

SD
P

B l o c k  B3 X

P
X

SD
P

B l o c k  02 X
SD
P

X

SD

ANIMAL L.D,  3 . 2 ,

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO

3 9 . 0 3 9 . 0 2 2 . 0
- 6 . 8 6 . 2 1 . 0
- 0 . 0 0 1 0 . 0 1 NS

4 . 0 4 7 . 0 2 9 . 5 1 9 . 0
3 . 3 5 . 8 7 . 7 2 . 1

- NS NS NS
6 . 5 4 9 . 0 2 5 . 0 2 0 . 0
6 . 6 7 . 0 4 . 6 3 . 8

- NS 0 . 0 5 NS
- 5 6 . 5 2 9 . 8 1 4 . 0
- 5 . 0 4 . 5 3 . 9

- NS NS NS

CONTROL BLOCK

- 4 9 . 0 2 8 . 0 2 3 . 0
7 . 3 2 . 2 7 . 4

AN I MAL L.D.  3 . 3

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO

_ 5 7 . 0 2 9 . 0 1 4 . 0
- 8 . 0 7 . 4 3 . 0
- NS NS NS

1 , 0 5 8 . 5 2 8 . 5 9 . 3
2 . 0 6 . 2 I .7 6 . 7

- 0 . 0 5 NS 0 . 0 0 5
- 4 9 . 5 2 7.  3 2 3 . 5
- 9 . 3 8 . 0 1 0 . 0
- NS NS NS
- 5 0 . 5 2 7 . 8 2 1 . 5
- 5 . 0 6 . 0 7 . 1
- NS NS NS

CONTROL BLOCK

- 50.  5 3 3 . 0 1 0 . 0
- 3 . 0 2 . 6 3 . 7

X

SD
P

PYK
RCN

2 . 6

i . i

ANIMAL RESULT

RCN
RC

CYTO
MC

CYTO

4 7 . 4 3 0 . 9 1 8 . 7
9 . 5 7 . 4 4 . 0

NS NS NS

AN IUAL RESULT

PYK
RCN RCN

RC
CYTO

MC
CYTO

X

SO 
P ■'

0 . 3
1 . 0

5 3 . 8
7 . 5

NS

2 8 . 1  
5 . 7  

NS

1 7 . 7
8.1

NS

Figure A3.6

Num erica l d a ta  fo r an im a ls  LD3.2  and L D 3 .3 .
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ANIMAL L . D .  3 . 4 .

B l o c k  Al

B l o c k  82

B l o c k  C2

B l o c k  D2

B l o c k  A2

B l o c k  B3

B l o c k  C2

B l o c k  D3

X

SD
P
X

SD
P
X

SD
P
X

SD
P

X

SD

X

SD
P
X

SD
P
X

SD
P
X

SD
P

X

SD

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO

- 5 4 . 0 3 0 . 3 1 6 . 0
7 . 0 7 , 8 1 . 6

- NS NS NS
- 5 2 . 0 3 4 . 0 1 3 . 8
- 3 . 5 4 . 2 2 . 3
- NS NS NS

6 . 8 4 0 . 8 3 3 . 3 2 0 . 0
4 , 3 5 . 6 5 . 2 2 . 9

0 . 0 0 5 NS NS
2 . 0 4 4 . 8 2 9 . 0 2 4 . 0
4 . 0 9 . 8 4 . 8 8 . 8

- NS NS 0 . 0 5

CONTROL BLOCK

- 6 1 . 0 2 6 . 3 1 3 . 0
8 . 1 4 . 3 4 ,7

ANIMAL L.D.  4 . 1

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO

50.  5 2 4 . 0 2 5 . 3
- 9 . 3 5 . 7 4 . 9
- NS 0 . 0 2 0 . 0 1
- 4 7 . 0 2 8 . 0 2 4 . 5
- 8 . 0 8 . 0 1 . 0
- NS NS 0 . 0 2
- 4 4 . 7 31 .0 2 4 , 7
- 7 . 6 5 . 5 7 . 8
- NS NS 0 . 0 2
- 4 9 . 0 2 8 . 2 2 2 . 7
- 2 . 9 5 . 2 3 . 7

- NS NS NS

CONTACT BLOCK

- 5 1 . 0 3 1 . 7 1 6 . 7
7 . 0 8 . 3 1 . 7

PYK
RCN

X

SD
P

2 . 2
3 . 9

ANIMAL RESULT

RC MC
RCN CYTO CYTO

4 7 . 9 31 .6 1 8 . 4
8 . 3 5 . 5 6 . 0

NS NS NS

ANIMAL RESULT

PYK
RCN RCN

RC
CYTO

MC
CYTO

X

SO 
P •'

4 7 . 9
6 . 5

NS

2 7 . 9
6 . 1

0 . 0 5

2 4 . 3
4 . 6
0 . 0 0 1

Figure A3.7

N u m e ric a l d a ta  fo r  a n im a ls  LD 3 .4  a nd  L D 4 .1 .

1 7 0



ANIMAL L . D .  4 . 2 .

B l o c k  A3

B l o c k  B2

B l o c k  C4

B l o c k  D2

B l o c k  A2

B l o c k  B2

B l o c k  C3

B l o c k  D4

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO

X 4 5 . 8 3 0 . 0 1 5 . 8
SD 2 . 6 4 . 8 7 . 2
P - NS NS NS
X 0 . 3 5 5 . 8 2 8 . 8 2 7 . 0
SD 0 . 5 10.  3 3 , 8 7 . 3

P 0 . 3 NS NS NS
X - 4 9 . 3 3 6 . 3 1 3 . 0
SD - 2 . 5 6 . 6 7 . 3
P - NS NS NS
X - 5 2 . 5 2 8 . 3 2 4 . 5
SD - 5 . 9 5 . 2 9 . 9
P - NS NS NS

CONTROL BLOCK

X - 4 7 . 8 3 3 . 5 1 4 . 3
SD 3 . 0 2 . 6 5 . 3

AN I M AI. L.D.  4 . 3

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO -

X _ 4 7 . 3 31 .0 1 9 . 0
SD - 3- 9 8 . 2 2 . 8
P - NS NS NS
X - 46 .  5 35.  3 1 9 . 8
SD 3 . 7 5 . 7 5 . 2
P - NS NS NS
X - 5 5 . 3 2 9 . 0 1 5 . 5
SD - 1 0 . 0 5 . 0 5 . 8

P - NS NS NS
X - 5 0 . 8 31 .3 1 7 . 5
SD - 5 . 0 5 . 9 5 . 0

P - NS NS NS

CONTROL BLOCK

X - 5 0 . 3 2 8 . 5 2 1 . 0

SD _ 5 . 0 6 . 2 4 . 0

PYK
RCN

X

SD
P

0 . 1
0 . 3

ANIMAL RESULT

RC MC
RCN CYTO CYTO

5 0 . 8 3 0 . 8 2 0 . 0
6 . 8 5 . 6 6 . 2

NS NS NS

ANIMAL RESULT

PYK
RCN RCN

RC
CYTO

MC
CYTO

X _ 4 9 . 7 3 1 . 6 1 7 . 9
SO - 6 . 8 6 . 1 4 . 7
P " _ NS NS NS

F ig u re  A3.8

N u m e r i c a l  d a t a  f o r  a n i m a l s  L D 4 . 2  a n d  L D 4 . 3
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ANIMAL L . D .  4 . 4 .

BLOCK RESULTS ANIMAL RESULT

B l o c k  A2

B l o c k  B4

B l o c k  Cl

B l o c k  D3

B l o c k  A2

B l o c k  B2

B l o c k  C4

Bl o c k  D1

PYK
RCN RCN

RC
CYTO

MC
CYTO

X _ 51 . 0 3 7 . 5 1 1 . 5
SD - 2 . 7 7 . 9 6 . 0
P - NS 0 . 0 5 0 . 0 5
X - 4 6 . 3 3 1 . 3 2 2 . 8
SD - 6 . 0 4 . 6 3 . 6
P - NS NS NS
X 1 8 . 3 3 7 . 0 2 5 . 0 2 0 . 0
SD 1 9 . 6 1 6 . 4 5 . 2 2 . 6
P - 0 . 0 0 1 0 . 0 5 NS
X 0 . 8 5 1 . 8 2 8 . 3 1 9 . 3
SD 1 . 5 2 . 9 4 . 4 5 . 9
P - NS NS NS

CONTROL BLOCK

X - 5 5 . 3 2 8 . 3 1 6 . 3
SD 0 . 1 5 . 1 4 . 0

ANIMAL L.D.

BLOCK RESULTS

PYK RC MC
RCN RCN CYTO CYTO

X - 5 2 . 3 28 .  5 1 9 . 0
SD - 4 . 8 1 . 0 4 . 2
P - NS NS NS
X - 5 0 . 5 2 9 . 3 2 0 . 5
SD - 7 . 0 6 . 7 2 . 4
P - NS NS NS
X 0 . 8 51 ,8 2 5 . 5 2 2 . 0
SD 1 . 5 5 . 7 3 . 0 2 . 9
P - NS NS NS
X 1 . 0 5 3 . 5 25.  3 2 1 . 2
SD 1 . 2 9.  1 6 . 7 3 . 3
P - NS 0 . 0 5 NS

CONTROL BLOCK

X - 5 4 . 3 2 7 . 8 2 6 . 5
SD - 2 . G 2 . 1 3 . 8

PYK
RCN RCN

RC
CYTO

MC
CYTO

X 4 . 8  
SO 1 1 . 9  
P

4 6 . 6  3 0 , 5
9 . 7  7 . 0
0 , 0 2 5  NS

1 8 . 4

6 .0
NS

PYK
RCN

ANIMAL RESULT

RC MC 
RCN CYTO CYTO

X

SD
P

0 . 4
1 . 1

5 2 . 2
6 . 2

NS

27 .  1 
4 . 8  
0 . 0 2

2 0 . 7
3 . 1
0 . 0 5

F ig u re  A3.9

N um erica l d a ta  for an im a ls  LD4.4  and  LD 5.1 .
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ANIMAL L . D .  5 . 2 .

B l o c k  Al

B l o c k  83

B l o c k  C2

B l o c k  D3

B l o c k  A3

B l o c k  Bl

B l o c k  C3

B l o c k  D4

A
SD
P
X

SD
P
X

SD
P
X

SD
P

X

SD

X

SD
P
X

SD
P
X

SD
P
X

SD
P

X

SD

BLOCK RESULTS AN 1 MAL RESULT

PYK RC MC PYK RC UC
RCN RCN CYTO CYTO RCN RCN CYTO CYTO

0 . 8 5 1 . 8 2 9 . 8 1 9 . 3 X 0 . 2 5 4 . 3 3 0 . 4 1 5 . 6
1 . 5 3 . 9 5 . 2 4 . 3 SD 0 . 8 6 . 7 7 . 1 3 . 7

- NS NS NS P - NS NS NS
- 5 8 . 5 2 8 . 0 1 3 . 3
-  • 3 . 9 2 . 8 1 . 9
- 0 . 0 5 NS NS
- 5 5 . 8 3 3 . 5 1 3 . 5
- 9 . 4 1 3 . 4 1 . 3
- NS NS NS
- 5 1 . 3 30.  3 1 8 . 5

7 . 6 3 . 9 4 . 2

- NS NS NS

CONTROL BLOCK

- 4 5 . 5 3 8 . 0 1 6 . 3
8 . 3 2 . 9 6 . 2

ANIMAL L.D.  6.1

BLOCK RESULTS ANIMAL RESULT

PYK RC MC PYK RC MC
RCN RCN CYTO CYTO RCN RCN CYTO CYTO

5 7 . 8 30 0 1 2 . 3 X - 5 1 . 7 3 3 . 2 1 4 . 9
- 1 3 . 0 1 0 . 2 3 . 4 SD - 7 . 7 5 . 7 3 . 3
- NS NS NS P ' - NS NS NS
- 5 0 . 0 3 2 , 3 1 7 . 5

3 . 7 2 . 4 4 . 1
- NS NS NS
- 4 8 . 8 3 5 . 8 1 5 . 3
- 6 . 2 4 . 2 1 . 7
- NS NS NS
- 5 0 . 3 3 4 . 8 1 4 . 8
- 3 . 7 3 . 0 1 . 9

- NS NS NS

CONTROL BLOCK

- 5 1 . 3 3 6 . 5 1 6 . 5
7 . 5 2 . 6 • l .O

Figure A3.10

N u m e r i c a l  d a t a  f o r  a n i m a l s  L D 5 . 2  a n d  L D 6 . 1 .
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I - l g U L C Ï J  L U  ± 3

These f ig u r e s  show  th e  ra w  d a ta  fo r  th e  b lo c k  re s u lts  as 

h is to g ra m s . The h is to g ra m s  g iv e  th e  p e rc e n ta g e  o f p o in ts ,  w i t h in  

th e  o u te r  n u c le a r  la y e r ,  f a l l i n g  on each  fa c tu r e  o f in te r e s t .  

The g ro u p  n u m b e r is  g iv e n  a t th e  to p  o f each  f ig u r e .  The a n im a l 

n u m b e r is  g iv e n  a t th e  s id e  o f each  f ig u r e .  RCN; re c e p to r  c e l l  

n u c le i ;  RCC; re c e p to r  c e l l  c y to p la s m ; MCC: M u lle r  c e l l  c y to p la s m .

animal no.
%
60.

1 40.

20

0

60.

2 40

20.

0

60

3 40

20

0

60

R.C.N.

T Ï

1

40J

20.

EXPERIMENTAL GROUP 1

%
60.

40.

20

R.C.C M.C.C.
%

T
60.

40.

T
1

20 T T T T

0

60.

40.

20

60

40

20

60.

40.

20

L a

60.

40,

20.

O J

60

40.

20
L r ^

60

40.

. 20.

A B C D A B C D A B C D

F ig u re  A3.11

H is to g ra m s  o f th e  in d iv id u a l  b lo c k  r e s u lts  fro m  th e  fo u r  

a n im a ls  in  g ro u p  1.
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EXPERIMENTAL GROUP 2

animal no R.C.N,
%
60.

1 40

20

11

60

2 40.

20J

60

3

20

60

40.

A B C D

%
60J

40 _ L

R.C.C.

20

60.

40

20

60.

40.

20.

60j

40.

20.

%
60]

40

20

M.C.C.

L i j a

60.

40.

20.

60

40.

20. -  1 - ^
JL

A B C D

60.

40

20

A. B C D

F ig u re  A 3 .12

H is to g ra m s  o f th e  in d iv id u a l  b lo c k  re s u lts  fro m  th e  fo u r  

a n im a ls  in  g ro u p  2,
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a n i m a l  n o
%
6QJ

R.C.N.

40.

2Q

60.

20,

60.

60

40

A B C D

EXPERIMENTAL GROUP 3

R.C.C.
%
6 0

40 T 

20 

Q _

6 0

40.

20

d

6 0

40

20
W 1

60:

40.

20.

M.C.C.
%
60

40j

20.

Q

6 0

40.

20.

60.

40

20

60.

4 0

20

A B C D A B C D

F ig u re  A 3.13

H is to g ra m s  o f th e  in d iv id u a l  b lo c k  r e s u lts  fro m  th e  fo u r  

a n im a ls  in  g ro u p  3.

1 8 5



a n i m a l  n o
%
60]

R.C.N.

4 0

20,

60.

4 0

20

I

6 0

4 0

20

6 0

4 0

20

EXERIMENTAL GROUP 4

R.C.C.
%
60.

4Qj

20

6 0

40

20.

6 0

4 0

20

6 0

40

20
_L

M.C.C.

6 0

20

6 0

40.

20

6 0

4 0

20

60.

40.

20.

A B C D A B C D A B C D

F ig u re  A 3 .14

H is to g ra m e s  o f th e  in d iv id u a l  b lo c k  re s u lts  fro m  th e  fo u r  

a n im a ls  in  g ro u p  4.
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animal no R.C.N.

1 4Q 

20

1

2

60.

20j

A B C O

EXPERIMENTAL GROUP 5

R.C.C.
%
60.

4Qj

20

60.

40

20

M.C.C.
%
60J

40

20

A 8 C D

60j

40

■ 20.

A B C D

animal no R.C.N.

60.

40.

20

A B C D

EXPERIMENTAL GROUP 6  

R.C.C.

60

40

20

A B C D

%
60J

40,

20

M.C.C.

A B C 0

F ig u re  A 3 .15

H is to g ra m s  o f th e  in d iv id u a l  b lo c k  r e s u lts  fro m  th e  tw o  

a n im a ls  in  g ro u p  5 a n d  th e  one a n im a l in  g ro u p  6.

1 0 - 7



animal n o -*4̂0 ,
group no 

^ 1 20.

40,

5 20.

Q

40

6 20.

Pyknoric Receptor Cell Nuclei 

1 2 3

0

0 : T

T
D 1 

0.

0
0

0

0
A B C D  A B C D

A B C D

A B C D

F ig u re  A 3 .16

T h is  f ig u r e  g iv e s  th e  c o u n ts  o b ta in e d  fo r  p y k n o t ic  re c e p to r  

c e l l  n u c le i as h is to g ra m s . The h is to g ra m s  show th e  p e rc e n ta g e  

o f p o in ts ,  w i t h in  th e  o u te r  n u c le a r  la y e r ,  w h ic h  f e l l  on p y k n o t ic  

re c e p to r  c e l l  n u c le i .
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CHOROIDAL BLOOQ fU W  0 « 1 ■■ l 0 ~ ^ 10 0 l~ ^A1-

AJ

CHOROIDAL BLOOQ TU M  . ■ I n '^ I O O k " ^

noo woo IKM

F ig u re  A 4.1

T h is  f ig u r e  show s b o th  th e  p re d ic te d  r e t in a l  te m p e ra tu re ,  

a s s u m in g  v a r io u s  le v e ls  o f c h o r o id a l b lo o d  f lo w ,  a n d  th e  m e a su red  

r e t in a l  te m p e ra tu re ,  a t v a r io u s  le v e ls  o f to ta l  beam  p o w e r. The 

l in e s  re p re s e n t th e  r e s u lts  p re d ic te d  b y  M ose ley a n d  S tra n g ,  1981. 

The e n c ir c le d  p o in ts  a re  d ir e c t  m easurem en ts  o f r e t in a l  te m p e ra tu re , 

u s in g  a n e e d le  m oun ted  th e rm o c o u p le , a t  v a r io u s  le v e ls  o f i l l u m in a 

t io n .  The r e s u lts  s h o w in g  e r r o r  b a rs  a re  th e  m ean r e s u l t s ,  a n d  

s ta n d a rd  d e v ia t io n s ,  o f fo u r  o b s e rv a t io n s .  The  s m a ll a r ro w s  

on th e  a x is  show th e  l i g h t  in te n s i t ie s  e m p loye d  in  the se  in v e s t ig a 

t io n s  .

i o n
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