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s imi la r  age f rom the  con t ro l  rats ,  were e x a m i n e d  and  are 
r e p o r t e d  in t h i s  s tudy .  

The  size and  a p p e a r a n c e  of t he  ' t e l l u r i um '  and  con t ro l  
fe tuses  were s imilar .  No anomal i e s  were no t ed  in sect ions  
of  t h e  b r a i n s  of t he  t e l l u r i u m  fetuses,  s t a i ned  w i t h  hema-  
toxyl in-eos in .  The  t issues des t ined  for e lec t ron-micro-  
scopic  s tudies ,  were f ixed in 20/o g lu te ra ldehyde ,  buf fe red  
w i t h  0.1 M s o d i u m  cacodyla te ,  to  p H  7.2. T he  t i ssues  were 
f ixed for 1 h, pos t f ixed  for 30 m i n  in 1% osmic acid, 
buf fe red  w i t h  0 . 1 M  sod ium p h o s p h a t e  to  p H  7.2, washed  
d e h y d r a t e d ,  e m b e d d e d  in E p o n  Res in  812 (Fisher  Sci- 
en t i f ic  Co.). 

There  were morpho log ica l  anomal i e s  in t he  ceils in  t he  
e p e n d y m a l  layer  of t h e  t e l l u r i um fetuses,  13 and  15 
i n t r a u t e r i n e  days  old. T he  e p e n d y m a l  layer  of t he  n o r m a l  
fe ta l  r a t  r e sembled  t h a t  descr ibed  in  the  h u m a n  fe tus  n,  
fe ta l  r a b b i t  12 and  ch ick  ~3. I n  t he  n o r m a l  fe ta l  r a t  
(Figure 1) microvi l l i  were a b u n d a n t  on t he  v e n t r i c u l a r  

su r f ace  of t he  e p e n d y m a l  ceils. T he  m i t o c h o n d r i a  were 
g rouped  in t he  ap ica l  po r t i on  of t he  c y t o p l a s m  sur- 
r o u n d e d  b y  small ,  p r e s u m a b l y  p inocy to t i c ,  vesicles. The  
nuc leus  was in the  basa l  po r t i on  of t h e  cy top lasm.  I n  
t h e  e p e n d y m a l  cells of all ' t e l l u r i um '  fe tuses  (Figure 2) 
t h e  v e n t r i c u l a r  p l a s m a l e m m a  was w i t h o u t  microvi l l i  a n d  
t he  n u m b e r  of m i t o c h o n d r i a  was  g rea t ly  d iminished .  The  
m i t o c h o n d r i a  were of ten  a b n o r m a l ,  smal le r  and  d a r k e r  
t h a n  n o r m a l  and  showed d i s to r t ion  of cr i s tae  (Figure  3). 
T h e  cells in  t h e  res t  of t he  t e l encepha lon  appea red  to 
be  normal .  

The re  is ev idence  t h a t  t e l l u r ium crosses t he  p l a c e n t a  
and  reaches  t he  ce rebrosp ina l  f luid (CSF) and  t he  fe ta l  
b r a i n  a f te r  i t  is i n j ec ted  in to  t he  m o t h e r  ~. Since t he  
t e lencepha l ic  wal l  is so poor ly  vascu la r ized  d u r i n g  fe ta l  
life 14 and  t he  choroid  p lexuses  are  well  vascular ized ,  i t  
appea r s  t h a t  t he  t e l l u r i um reaches  t h e  e p e n d y m a  of t he  
l a t e ra l  ven t r ic les  b y  way  of t he  CSF, where  t he  lesions 
were found  15. 

Rdsumd. L' inges t io  n de tel lure,  associ6 X la di6te nor-  
male,  p a r  une  r a t e  en  g e s t a t i o n , ' p e u t  d o n n e r  des r a t o n s  
hydroc6pha l iques .  Des anomal ies  cellulaires s ' o b s e r v e n t  
dans  le ce rveau  du  foetus  de 13 ~ 15 jours.  
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The Pathogenic Role of the Inflammatory Reaction in Poliomyelitis.  Immunofluorescence, Electron- 
microscopic and Virological Studies with Type 3 Poliovirus 

In  m o s t  h is to logica l  s tud ies  of pol iomyel i t i s ,  t h e  in f lam-  
m a t o r y  r eac t ion  has  been  r ega rded  as a defense  reac t ion .  
New i n f o r m a t i o n  a b o u t  the  r e l a t ionsh ip  of t h e  v i rus  to  
t he  i n f l a m m a t o r y  e l emen t s  was  o b t a i n e d  w i t h  i m m u n o -  
f luorescence  t echn iques ,  wh ich  h a v e  d e m o n s t r a t e d  t he  
p resence  of v i rus  an t i gen  w i t h i n  the  m e s e n c h y m a l  cells 
of the  cen t r a l  ne rvous  tissues,  inc lud ing  t he  i n f l a m m a t o r y  
e l e m e n t s  ~-4. These  f ind ings  raise t he  ques t ion  w h e t h e r  
or  no t  some of t h e  i n f l a m m a t o r y  cells p l ay  a p a t h o g e n i c  
role in  t he  course  of the  infec t ious  process.  Our  s t u d y  
deals  w i t h  th i s  p r o b l e m  a n d  a p r e l i m i n a r y  r epo r t  is g iven  
here.  98 rhesus  a n d  cynomolgus  m o n k e y s  were inocu la ted  
i n t r a s p i n a l l y  (0.1 ml) or s.c. (0.5 ml) w i t h  u n d i l u t e d  v i rus  
suspens ion  of v i r u l e n t  and  a t t e n u a t e d  t y p e  3 pol iovi rus  
of t i t r e  f rom 5.6 to 6.8 log~0 TCDs0/0.1 ml.  2 con t ro l  ani-  
ma l s  were g iven  0.1 ml  of bov ine -g lobu l in  c o n j u g a t e d  
w i t h  f luorescein  i s o t h i o c y a n a t e  (FITC).  The  an i m a l s  were 
sacr i f ied a t  t i m e  i n t e rva l s  be t w een  12 h a n d  21 days  a f t e r  
inocu la t ion .  Light ,  f luorescence a n d  e lec t ron  microscopic  
s tudies ,  a n d  v i rus  assays,  were car r ied  ou t  on  t he  cen t ra l  
n e r v o u s  s y s t e m  of t he  inocu la t ed  animals .  

The  v i r u l e n t  s t r a i n  p r o d u c e d  t he  expec ted  h i s t o p a t h o l -  
ogical  p i c tu re  of severe,  r ap id ly  progress ive  n e u r o n a l  
d a m a g e  w i t h  ex tens ive  i n f l a m m a t o r y  reac t ion .  Af te r  
i n t r a s p i n a l  i nocu la t i on  th i s  i n f l a m m a t o r y  response  com- 
pr ised  t he  ea r ly  a p p e a r a n c e  of p o l y m o r p h o n u c l e a r  leuko-  
cy tes  a n d  m a c r o p h a g e s  (wi th in  12 h) and  r ep re sen t ed  t he  
' s e conda ry '  non-specif ic  r eac t ion  to  n e u r o n a l  des t ruc t ion .  
L y m p h o i d  ceils a n d  m a c r o p h a g e s  p r e d o m i n a t e d  l a t e r  
(be tween  48 a n d  72 h) ; in  our  opinion,  th i s  is t h e  ' p r i m a r y '  
specific r eac t ion  a n d  r ep resen t s  t he  local i m m u n e  response  
to v i r a l  an t igen .  A s imi la r  sequence  of changes  was 
obse rved  4 days  a i t e r  s.c. in jec t ion .  

W i t h  t h e  a t t e n u a t e d  virus ,  lesions in t h e  cen t r a l  
ne rvous  sys t em only  occur red  a f t e r  i n t r a s p i n a l  inocula t ion .  
T h e y  were of the  ' p r i m a r y '  specific c h a r a c t e r  and  were 
seen b e t w e e n  48 a n d  72 h. The  m a j o r i t y  of n e r v e  cells 
were in tac t ,  t h e  r e m a i n d e r  exh ib i t ed  degene ra t i ve  changes ,  
m o s t l y  of a revers ib le  n a t u r e  ~-s. No changes  were seen 
in t he  b ra in  or cord  a f te r  i n t r o d u c t i o n  of a t t e n u a t e d  polio- 
v i rus  b y  t he  s u b c u t a n e o u s  route .  I n  t h e  an ima l s  i nocu la t ed  
w i t h  t he  v i ru l en t  s t ra in ,  3 0 - 6 0 %  of t h e  m o t o r  neu rons  
showed  some degree of f luorescence.  This  could be  seen 
a l r eady  a f te r  12 h W i t h  t he  a t t e n u a t e d  s t r a in  of polio- 
virus,  an  excep t iona l  n e u r o n  could be  obse rved  to f luoresce 
a f te r  an  i n t e r v a l  r a n g i n g  f rom 48 to  72 h. However ,  f luor-  
escence was seen a f te r  i nocu la t ion  w i th  e i the r  s t r a i n  
of v i rus  in the  n o n - n e u r o n a l  e lements ,  i.e. in  the  in f lam-  
m a t o r y  a n d  glial  cells as well  as in  the  va scu l a r  walls.  
Af te r  i n t r a s p i n a l  inocula t ion ,  t h i s  f ind ing  was obse rved  
soonest ,  i.e. a f t e r  12-24 h, in t he  i n f l a m m a t o r y  cells of 
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the  t r aumat i c  react ion ad jacent  to in ject ion site. F r o m  
this t ime  on, this type  of f luorescence became more 
intense and widespread. In  the  control  animals,  fluores- 
cence was observed in the  phagocyt ic  cells ad jacen t  to 
inject ion site. 

Elec t ron  microscopic examif ta t ion carried ou t  on the  
f i f th  post- inoculat ion day  revealed in t racy toplasmic  crys- 
tal loid s t ructures  made  up of particles,  the  size and shape 
of which corresponded to those of poliovirus.  These 
crystal loid part ic le  aggregates  were repea ted ly  observed 
in mononuclear  e lements  of the  i n f l ammato ry  inf i l t rates  
as well  as in the  endotheliaI  cells of the  in t raspinal  blood 
vessels. Noth ing  was seen in the  nerve  cells, which could 
be t aken  to signify the  presence of poliovirus 9, ~0. 

Virological  assays showed t h a t  bo th  v i ru len t  and 
a t t enua ted  viruses mul t ip l ied  rapid ly  in the  lumbar  
region after  in t raspinal  inoculat ion,  the  m a x i m u m  t i t re  
being achieved wi th in  the  first 24 h. F r o m  the  second day, 
a decrease was observed which was more pronounced 
for the a t t enua ted  virus. In  the o ther  regions of the centra l  
nervous  system, a rising t i t re  of v i ru len t  virus  became 
apparen t  f rom the  3rd day, whereas no virus was de tec ted  
wi th  the  a t t enua ted  strain.  

Our findings indicate  t ha t  i n f l ammato ry  cells including 
ac t iva ted  microglial  cells and cells of the  vascular  walls 
show a close associatiofl wi th  the  poliovirus.  The immuno-  
fluorescence of some of the  i n f l ammato ry  cells, the  elec- 
t ronmicroscopic  demons t ra t ion  of poliovirus-l ike crystals  
and the  virus assays, all indicate  the  po ten t ia l  capac i ty  
of some of the  i n f l ammato ry  cells to repl icate  the  polio- 
virus. 

The fluorescence in the  control  animals  suggest t h a t  
this f inding in some phagocyt ic  cells of pol iomyel i t ic  
monkeys  m a y  signify ano ther  process, i.e. virus up take  
( 'viropexis ') .  Wheneve r  pinocytosis  of an infectious par- 
t icle occurs, the i n f l ammato ry  cell can serve as a 'vector ' ,  
p rov id ing  local spread of virus. 

To unders tand  the  deve lopment  of the  v i ru len t  infec- 
t ious process it  is necessary to keep in mind  not  only the  
pathogenic  act ivi t ies  of the  individual  i n f l ammato ry  cells, 
bu t  also the  circumstances under  which these act ivi t ies  
t ake  place. The  whole process can be compared  to an 
'ep idemic '  wi th in  the  great ly  enlarged popula t ion  of 
closely packed ceils of the  in f lammed nervous  tissue. The  
crowding and mobi l i ty  of the  ma jo r i ty  of these cells thus  
facil i tates the  local spread of infection. The  nerve  cells, 
which make  up a small  f ract ion of this cell populat ion,  

become infected in the course of this ' epidemic '  together  
wi th  o ther  non-neural  potent ia l  host  cells. They  probably  
do not  par t ic ipa te  s ignif icant ly in the  virus replication,  
because their  intracet lular  metabol i sm is rapidly  damaged 
by  the  v i ra l  genome, often before the  virus repl icat ion 
can be ini t iated.  Thei r  pa thogenic  role appears  ra ther  to 
rest on their  abi l i ty  to t r igger  the  ' secondary '  i n f l ammato ry  
reaction. The in f l ammato ry  elements are then  responsible 
for repl icat ion and spread of the  virus. 

The  results allow the conclusion tha t  the  i n f l ammato ry  
reaction, apar t  f rdm its defensive funct ion n, plays an  
impor t an t  pathogenic  role in the  deve lopment  of polio- 
virus infection. Both  defensive and aggressive mechanisms 
run paral lel  wi th in  the  heterogeneous cell popula t ion  of 
the  focus of infection bu t  opposing one another.  Their  
in tens i ty  and mu tua l  relat ionship will de termine  the  
course of the  infectious process. 

Zusammen/assung. Das S tud ium der sich entwickelnden 
entzi indl ichen Reak t ion  auf mi t  a t t enu ie r t em und viru-  
l en tem Poliovirus  infizierten Affen zeigte, dass diese in der 
Pathogenese  der Pol iomyel i t is  eine defensive und eine 
aggressive Rolle  spielt. Die  erstere umfass t  eine unspezi-  
fische, sekund/ire An twor t  auf die Nervensch~idigung 
(Neuronophagie) und eine spezifische, prim~ire IReaktion 
auf das virale  Ant igen (lokaIe Immunreakt ion) .  Die 
le tz tere  ist  vor  allem dadurch  gekennzeichnet,  dass einige 
der mobilen entzi indl ichen E lemen te  das Poliovirus repli- 
zieren und wet ter  verbre i ten  k6nnen. 
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The A m p h i b i a n  Lens :  a T h r e e  Month  O r g a n  Culture  1 

Several  years ago this l abora tory  repor ted  t h a t  i t  is 
possible to ma in ta in  the  ocular  lens of the  bullfrog (Rana 
catesbeiana) in organ cul ture  for at  least  seven days  ~. 
We implied then  t h a t  the  cul ture sys tem described would 
probably  also pe rmi t  cu l t iva t ion  for far longer periods. 
Da ta  to be presented in the  current  account  will  show 
tha t  this is so - t ha t  in fact  one can main ta in  bullfrog 
lenses in cul ture for periods up to 3 months .  

Experimental. Lenses were isolated f rom enucleated 
eyes by  techniques  tha t  have  been ful ly discussed else- 
where 3. They  were then  cul tured in ei ther  of 2 media.  
The  first, 'A-199',  consists of 88.3% water ;  5% sodium 
bicarbonate  (55 g/l); and 6.7% 10X 1994 (Grand Is land 
Biological  Co., Grand Island, NewYork ,  USA).  The  
second, 'R20' ,  has the  following composi t ion:  5.3% 
10X 199, 3.0% sodium bicarbonate  (55 g/l), 71.7% H~O 

and 20% rabbi t  serum (Pel-Freez Biologicals, Inc., 
Rogers, Arkansas,  USA).  Bo th  fluids are approx ima te ly  
isosmotic wi th  bullfrog aqueous  humor  (225-235 mOsm) 
and have  a p H  of 7.1-7.2. Penicillin, 50 uni ts /ml,  and 
s t reptomycin ,  50 ~g/ml, were added to the  media  prior  
to explanta t ion .  Each  lens was placed in a silicone 
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