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Cellular Membrane Activity in the Corneal Endothel ium of the Intact Eye 

I t  is well k n o w n  in o p h t h a l m o l o g y  t h a t  t h e  ou t l ines  of 
t he  endo the l i a l  cells of t h e  co rnea  m a y  be  seen b y  us ing  
t he  ref lec ted  b e a m  of t he  s l i t - l amp.  I n  cl inical  p rac t i ce  t h e  
useful  m a g n i f i c a t i o n  is l imi ted  b y  t he  s u b j e c t ' s  eye move-  
men t s ,  b u t  r e s t r i c t i ons  on  space  would  p r e v e n t  t h e  use of 
h igh  m a g n i f i c a t i o n  w i t h  c o n v e n t i o n a l  i n s t r u m e n t s .  

A n  a p p a r a t u s  h a s  b e e n  c o n s t r u c t e d  wh ich  al lows t h e  
cornea l  sur faces  to  be  e x a m i n e d  u n d e r  a n  o b j e c t i v e  of 
h igh  power .  Essen t ia l ly ,  t h e  a p e r t u r e  of  t h e  o b j e c t i v e  is 
d iv ided  across  i t s  cen t re .  L i g h t  is t h e n  shone  d o w n  one  
side of i t  so t h a t  b y  re f lec t ion  in t h e  p l a n e  cel lu lar  shee t  
i t  passes  u p  t h e  o t h e r  side, w h i c h  fo rms  a n  image  t h a t  
c an  b e  v iewed  or p h o t o g r a p h e d  in  t he  c o n v e n t i o n a l  
m a n n e r  (Figure  1). T h e  t e r m  ref lec t ion  mic roscopy  is 
a l r eady  used in a n o t h e r  sense, so t h e  t e r m  specu la r  mi-  
c roscopy  is sugges ted  for  t h i s  p rocedure .  

A × 40 w a t e r  i m m e r s i o n  o b j e c t i v e  w i t h  a 1.6 m m  work-  
ing d i s t a n c e  is e m p l o y e d  for  th i s  purpose .  T h e  image  can  
be  focussed b y  m o v i n g  t h e  s tage,  b u t  g r ea t e r  s t a b i l i t y  of 
focus is ensu red  if t he  o u t e r  surface  of t h e  c o r n e a  is m o v e d  
r e l a t i ve  to  t he  o b j e c t i v e  b y  m e a n s  of a glass covers l ip  
f ixed to  a cap  screwed o v e r  t h e  ou t s ide  of t he  ob j ec t i ve  
itself. T h e  source of l igh t  is in  t he  fo rm of a sl i t  focussed 
on  t h e  o b j e c t  p lane .  Th i s  is des i rab le  to  p r e v e n t  de ta i l s  
of t he  image  be ing  concea led  b y  glare f rom the  ove r ly ing  
s t r o m a l  t issue, a n d  c o n t r a s t  c an  be  i m p r o v e d  b y  i n se r t i ng  
a yel low or o range  fil ter.  A l t h o u g h  t he  ob j ec t i ve  is n o t  
b e i n g  used u n d e r  t he  p r o p e r  op t ica l  cond i t ions ,  i t  a p p e a r s  
to  be  reso lv ing  useful  de ta i l  w i t h o u t  e v i d e n t  d i s to r t ion ,  
a t  leas t  up  to  magn i f i c a t i ons  of × 400 in t he  cen t r e  of t h e  
field. 

Th i s  t e c h n i q u e  al lows f u n c t i o n i n g  endo the l i a l  cells to  
be  e x a m i n e d  in t he  i n t a c t  eyebal l .  A p a r t  f rom the  cell 
boundar i e s ,  n u m e r o u s  m a r k i n g s  can  be  seen (Figure  2). 
T h e  fo rm of these  m a r k i n g s  does  n o t  co r r e spond  to  t h a t  
of m i t o c h o n d r i a  or  o t h e r  i n t r ace l lu l a r  organel les ,  a n d  i t  is 
m o s t  p r o b a b l e  t h a t  t h e y  r e p r e s e n t  d i s con t inu i t i e s  in one 
of t he  cel lular  surface  m e m b r a n e s .  A p r o m i n e n t  r ecu r r i ng  
a p p e a r a n c e  is t h a t  of d o u b l e d  l ines and ,  less f r equen t ly ,  

comple t ed  circles. Doub l ing  of t h e  cell b o u n d a r i e s  is a so 
f r e q u e n t l y  seen a n d  these  also show d i s co n t i n u i t i e s  a n d  
to r tuos i t i es .  All these  a p p e a r a n c e s  c a n  be  d u p l i c a t e d  in  

Fig. 1. Schematic optical system of specular microscope. Corneal 
endothelium is focussed by screwing cap on outside of objective. 

Fig. 2. Photographs of corneal endothelium of rabbit's eye at  35 °C taken at 1[2 min intervals, immediately after warming from storage at 
4 °C for 2 h. X 500 approx. 
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t h e  i so la ted  s t a i ned  cell l ayer  ~ a showing  t h a t  t he  opt ica l  
i r regula r i t i es  h a v e  more  t h a n  a superf ic ia l  s t r u c t u r a l  
basis .  C o n t i n u e d  o b s e r v a t i o n  shows t h a t  these  m a r k i n g s  
are  u n d e r g o i n g  c o n t i n u a l  changes  in form,  as are  t h e  cell 
b o u n d a r i e s  to  a lesser e x t e n t  in c e r t a i n  places.  

Th i s  h a s  a p a r t i c u l a r  s igni f icance  because  t h e  endo-  
t h e l i u m  is be l ieved  to  be  t h e  s i te  of a n  a c t i v e  f luid t r a n s -  
p o r t  m e c h a n i s m  wh ich  con t ro l s  t h e  cornea l  h y d r a t i o n  4,6 
T h e r e  is sugges t ive  ev idence  t h a t  t he  in t e rce l lu l a r  spaces,  
w h i c h  a re  i n v o l v e d  in  cons iderab le  info ld ings  o n  t h e  basa l  
sur face  of t h e  cells, a re  imp l i ca t ed  in th i s  t r a n s p o r t  
m e c h a n i s m  e-s, a n d  t h a t  m e m b r a n e - b o u n d  vesicles  m a y  
also p l a y  a p a r t  in  t h e  process.  U n t i l  t h e  n a t u r e  of these  
m a r k i n g s  can  be  e s t ab l i shed  b y  c o m p a r i s o n  w i t h  e lec t ron  
mic rog raphs ,  t h e i r  r e l a t i onsh ip  to  t he  t r a n s p o r t  process  
m u s t  r e m a i n  specu la t ive ,  a n d  t h i s  s t u d y  is p r e s e n t l y  be ing  
u n d e r t a k e n .  

Zusammen[assung. Die d i r ek t e  B e o b a c h t u n g  des H o r n -  
h a u t e n d o t h e l s  wird  m i t  e inem speziel len Mikroskop  m6g- 

lich. F o r m v e r ~ n d e r u n g e n  de r  Zelten, besonde r s  i h r e r  
O b e r f l / i c h e n m e m b r a n e n ,  tassen s ich zeigen. 
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Elektronenmikroskopische Beobachtungen bei experimenteller Poliomyelitis 

Bei e inem J a v a n e r a f f e n  (Cynomolgus irus), der  n a c h  
e iner  i .m. P o l i o v i r u s - I n o k u l a t i o n  ( h o c h v i r u l e n t e r  S ta tu re  
v o m  T y p l I I ~ ;  2 × 107 TCDs0 in 2 m l  G e w e b e k u l t u r -  
i i be r s t and)  eine schwere  Te t r ap leg ie  e n t w i c k e l t  h a t t e ,  
w u r d e n  6 Tage  pos t  i n f ec t i onem m e h r e r e  Gewebss t i i ck-  
c h e n  aus  den  V o r d e r h 6 r n e r n  de r  L u m b a l i n t u m e s z e n z  
u n t e r  A n w e n d u n g  gebr / iuch l icher  F ix ie rungs -  u n d  E in -  
b e t t u n g s m e t h o d e n  (G l u t a r a l dehyd ,  O s m i u m t e t r o x y d ,  
E p o n  812) m i t  d e m  E l e k t r o n e n m i k r o s k o p  (Zeiss E M  9A) 
u n t e r s u c h t .  Die  i ib r igen  Ante i l e  des  R i i c k e n m a r k s  d ien-  
t e n  ffir l i ch tmik roskop i s che  u n d  f luo re szenz - immuno lo -  
gische Kon t ro l l en .  

I n  den  h i s to log i schen  P r g p a r a t e n  w a r e n  ein e r heb l i che r  
Ausfa l l  y o n  sp ina t en  M o t o n e u r o n e n  sowie eine he rd -  
fOrmige bis  d i f fuse  I n f i l t r a t i o n  de r  Vorde rhOrne r  m i t  vor-  
n e h m l i c h  m o n o n u k t e ~ r e n  Ze l l t ypen  zu e r k e n n e n .  Po ly-  
m o r p h k e r n i g e  G r a n u l o z y t e n  t r a t e n  ve r hg l t n i s m ~ss ig  
sp~trlich in E r s c h e i n u n g .  I m m u n h i s t o c h e m i s c h  liess s ich 
P o l i o v i r u s - A n t i g e n  in den  Wgtnden de r  me i s t en  in t r a -  
sp ina l en  Blutgef~isse u n d  in zah l r e i chen  m o n o n u k l e / i r e n  
E t e m e n t e n  nachweisen .  E l e k t r o n e n m i k r o s k o p i s c h  k o n n -  
t e n  in den  P e r i k a r y e n  y o n  E n d o t h e l z e l l e n  i n t r a s p i n a l e r  
K a p i l l a r e n  u n d  V e n e n  w i e d e r h o l t  A n s a m m l u n g e n  v o n  
rund l i chen ,  z iemlich d i c h t e n  P a r t i k e l n  b e o b a c h t e t  wer-  
den.  Diese  Te i l chen  wiesen e inen  e inhe i t l i chen  D u r c h -  
messer  y o n  u n g e f g h r  27 n m  auf  u n d  w a r e n  f iberwiegend 
in F o r m  k r i s t a l l g i t t e r a r t i g e r  Gefiige m i t  h e x a g o n a l e m  
oder  q u a d r a t i s c h e m  V e r t e i l u n g s m u s t e r  a n g e o r d n e t  (Fi- 
gu r  1). Solche  i n t r a z y t o p l a s m a t i s c h e  P a r t i k e l a g g r e g a t e  
t r a f e n  w i t  w e i t e r h i n  i ibe raus  h~iufig in  Zel len m i t  den  
fe ineren  S t r u k t u r m e r k m a l e n  yon  Monozy ten ,  H i s t i o z y t e n  
u n d  M a k r o p h a g e n  a n  (F igur  2). I n  p o l y m o r p h k e r n i g e n  
G r a n u l o z y t e n  sowie in Nervenze l l en ,  A s t r o z y t e n  u n d  
Ol igodendrogl iaze l len  b e k a m e n  wir  sic e igent f iml icher -  
weise b i she r  n i ema l s  zu Gesicht .  Die  k r i s t a l lo iden  Pa r -  
t i k e l a n s a m m l u n g e n ,  de ren  d re id imens iona le  A u s d e h n u n g  
s ich a n  H a n d  y o n  S e r i e n s c h n i t t a u f n a h m e n  le ich t  fest-  
s te l len  liess, l agen  me i s t  ohne  M e m b r a n b e g r e n z u n g  im 
G r u n d z y t o p l a s m a ,  ve re inze l t  abe r  a u c h  i n n e r h a l b  yon  
Z i s t e r n e n  des e n d o p l a s m a t i s c h e n  R e t i k u l u m s .  H e r v o r -  
z u h e b e n  ist, dass  sic s ich weder  bei  den  E n d o t h e l i e n  noch  

bei den  mob i l en  Ze l l typen  i n n e r h a l b  v o n  P h a g o s o m e n  
oder  R e s t k 6 r p e r n  v o r f a n d e n .  

Die yon  uns  fes tges te l l te  A b m e s s u n g  de r  E inze lpa r t i ke l  
s t i m m t  w e i t g e h e n d  m i t  den  G r 6 s s e n a n g a b e n  i iberein,  die 
a n d e r e  A u t o r e n  fiir k o m p l e t t e  Po l iov i ren  g e m a c h t  
h a b e n  =-8. Ausse rdem zeigen die P a r t i k e l a n o r d n u n g e n  
grosse A h n l i c h k e i t  m i t  Po l iov i ruskr i s t a l l en ,  wie sie in 
Vi rusp r{ ipa ra t ionen  von  h o h e r  R e i n h e i t  3 ~, in E l e m e n t e n  
inf iz ie r te r  Ze l t ku l t u r en  T M  u n d  in Zellen von  inf iz ie r ten  
Ve r suchs t i e r en  13,14 zur  B e o b a c h t u n g  g e k o m m e n  sind.  Fi i r  
die I d e n t i t / i t  de r  Pa r t i ke l  m i t  Po l iov i ren  sp rechen  n i c h t  
zuIe tz t  a u c h  unse re  be re i t s  o b e n  erw~ihnten  f luoreszenz-  
i m m u n o l o g i s c h e n  U n t e r s u c h u n g s e r g e b n i s s e .  

E s  d i i r f te  woh l  k a u m  e inem Zweifel  un te r l i egen ,  dass  
fiir die in t r aze l lu lg re  B i l dung  von  Vi rusk r i s t a l l en  in  de r  
H a u p t s a c h e  e ine  h o h e  6 r t l i che  K o n z e n t r a t i o n  r e l a t i v  
r e ine r  Vi ren  e r forder l ich  ist. S o m i t  k a n n  das  geh/ iuf te  
V o r k o m m e n  y o n  Po l iov i rusk r i s t a l l en  in den  E n d o t h e l -  
zellen i n t r a s p i n a l e r  Blutgef / isse  u n d  in ve r sch i edenen  
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