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Susceptibil ity of chick neural retina to viral multipl ication in vitro during 
embryonic  development 
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Summary. Decrease  in the  suscep t ib i l i ty  of e m b r y o n i c  ch ick  neu ra l  r e t i n a  cu l tu res  to  t he  m u l t i p l i c a t i o n  of va r ious  
v i ruses  was obse rved  wi th  increas ing  age of t he  embryo .  I n  c o n t r a s t  the  r e t i na l  cells s u p p o r t e d  t he  m u l t i p l i c a t i o n  
of S indbis  v i rus  i r respec t ive  of t he  age w h e n  t h e y  were infec ted  w i t h  the  v i r a l  RNA.  These  resu l t s  sugges t  t h a t  t he  
r e s t r i c t ed  mu l t i p l i c a t i on  of t he  vi ruses  obse rved  is due  to t he  m o d u l a t e d  i n a b i l i t y  of the  cell to  process  the  adso rbed  
v i ruses  for s u b s e q u e n t  rep l ica t ion .  

M u c h  work  has  been  done  concern ing  t he  i n t e r ac t i ons  of 
v i rus  w i t h  cell o r ig ina ted  f rom ne rvous ' t i s sues .  However ,  
l i t t le  i n f o r m a t i o n  is ava i l ab le  as to  t h e  even t s  r e l a t i ng  
t h e m  in n e u r a l  r e t i n a  (NR). W e  r epo r t  here  the  suscept i -  
b i l i ty  of ch ick  N R  to v i ra l  m u l t i p l i c a t i o n  in v i t ro  in the  
course of e m b r y o n i c  deve l opm en t .  N e u r a l  r e t i n a  was 
selected for these  e x p e r i m e n t s  since i t  consis ts  of a well- 
def ined  avascu l a r  p o p u l a t i o n  of n e u t r a l  cells de r ived  
f rom b r a i n  a n d  is capab le  of facile e x p e r i m e n t a l  con t ro l  
in  v i t ro  l-a. 
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Fig. 1. Temporal change of the susceptibility of chick NR to viral 
multiplication in vitro depending on the embryonic age. 5~, New- 
castle disease, Miyadera strain; A, Sindbis, obtained from Dr S. Baron 9 
and propagated on BHK-21 cells; O, vesicular stomatitis, Indiana 
strain; 0, mouse encephalomyelitis, GD VII strain; A, measles virus, 
TYCSA strain. 
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Fig. 2. Time-course of the changes in the infectivity of Sindbis virus 
inoculated to the NR-eells. O, 7-day NR; �9 19-day NR; G, control 
without NR. Total cell and media were homogenized at intervals 
after inoculation and assayed for the virus infectivity. 

Suspens ions  of d issocia ted  NR-cel l s  o b t a i n e d  by  dispers-  
ing b r i sk ly  t h r o u g h  a cap i l l a ry  p ipe t t e  in Eagle  m i n i m u m  
essent ia l  m e d i u m  (MEM) were d i s t r i b u t e d  in to  30-ml 
E r l e n m e y e r  f lasks  a n d  inocu la ted  w i t h  e i the r  mouse  
encepha lomyel i t i s ,  ves icu la r  s tomat i t i s ,  Sindbis,  New- 
cast le  disease or meas les  virus ,  respect ively .  
I n c u b a t i o n s  were car r ied  o u t  a t  37~ w i th  g y r a t o r y  
s h a k i n g  (70 rpm)  a t  mu l t i p l i c i t y  of in fec t ion  (MOI) 
a r o u n d  0.1 to  0.01 p l aque - fo rming  un i t s  (PFU) /ce l l  for 
1 h, s u b s e q u e n t l y  cells were washed  4 t imes  w i t h  M E M  in 
smal l  cen t r i fuge  tubes .  In  case of meas les  v i rus  infect ion,  
cells were  t r e a t e d  w i t h  acidic M E N  (pH 2.0 w i t h  HC1) 
for 20 sec to fac i l i t a t e  t he  i n a c t i v a t i o n  of t he  u n a d s o r b e d  
vi rus .  Po r t i ons  ( abou t  5 •  ) of in fec ted  cells were 
seeded in 35 m m  d i a m e t e r  Fa l con  p las t ic  p la tes  con ta in -  
ing 2 ml  of M E M  s u p p l e m e n t e d  w i t h  10% fe ta l  bov ine  
s e rum (FBS) a n d  an t ib io t ics ,  i n c u b a t e d  a t  37~ u n d e r  
h u m i d i f i e d  a t m o s p h e r e  of 5% CO 2 in air.  To ta l  homog-  
ena tes  of cells a n d  m e d i a  (by K o n t e s  Microsonicator)  
were s to red  a t  - -70~ i m m e d i a t e l y  a f t e r  adso rp t ion  and  
a f t e r  i n c u b a t i o n  for 24 h. The  t i t r a t i o n  of t h e  v i rus  
i n f ec t i v i t y  was car r ied  ou t  in m u l t i - d i s h  t r a y s  (16 m m  
d iamete r ,  L i n b r o )  accord ing  to the  p laque  m e t h o d s  
descr ibed  for each  v i rus  4-7. 
The  suscep t ib i l i ty  of N R  to v i ra l  r ep l i ca t ion  is p r e sen t ed  
in f igure  1. Since no  d e t e c t a b l e  change  of the  a d s o r p t i o n  
r a t e  of t he  i n d i v i d u a l  v i rus  to  t he  N R  was observed ,  
i r respec t ive  of t h e  age of t he  embryo ,  t he  suscep t ib i l i ty  
was expressed  as t he  n u m b e r  of p laques  a f t e r  i n c u b a t i o n  
for 24 h d iv ided  b y  t he  n u m b e r  a f te r  inocu la t ion .  Loss 
of i ts  suscep t ib i l i ty  was  d e m o n s t r a t e d  to  t he  mul t ip l i -  
ca t ion  of va r ious  v i ruses  tes ted ,  a l t h o u g h  i t  r e t a ined  the  
c a p a b i l i t y  of s u p p o r t i n g  t he  m u l t i p l i c a t i o n  of Newcas t le  
disease v i rus  st i l l  in t he  l a t e r  s tage  of e m b r y o n i c  deve lop-  
men t .  I n  case of measles  v i rus  infect ion,  t h e  v i rus  g r o w t h  
was de t ec t ab l e  on ly  w h e n  infec ted  ceils were t r e a t e d  w i th  
acidic M E M  tO i n a c t i v a t e  t he  u n a d s o r b e d  virus ,  suggest-  
ing t h a t  the  v i ra l  p r o d u c t i o n  was la rge ly  res t r ic ted .  
Cul tures  consis ted  m a i n l y  of small ,  r o u n d  cells w i t h  an 
ave rage  d i a m e t e r  of a p p r o x i m a t e l y  5 ~zm and  no  cyto-  
p a t h i c  change  was  ev idenced .  
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To cha rac te r i ze  t he  cel l -virus  i n t e r ac t i ons  a t  d i f fe ren t  
ages of t he  embryo ,  7-day a n d  19-day N R  were in fec ted  
w i t h  S indbis  virus.  I n  7-day NR,  the  v i rus  p r o d u c t i o n  was 
f i rs t  de t ec t ed  a t  2-3  h a n d  increased r a p i d l y  un t i l  12 h 
a f te r  adsorp t ion .  I n  con t ras t ,  s l igh t  r educ t ion  of the  v i rus  
i n f ec t i v i t y  was obse rved  in 19-day NR.  No s ign i f ican t  
loss of i n f ec t i v i t y  of t he  v i rus  i n c u b a t e d  w i t h  M E M  a n d  
10% F B S  was de t ec t ed  du r ing  t he  i n c u b a t i o n  pe r iod  
(figure 2). 
In  a para l le l  expe r i m en t ,  NR-cel ls  were in fec ted  w i t h  
S indbis  v i rus  R N A  employed  as a p robe  to  exam i ne  t h e  
cel lular  c a p a b i l i t y  of the  v i ra l  t r ans l a t ion .  S indbis  v i rus  
pur i f ied  accord ing  to the  m e t h o d  of D a v i d  8 was  su spended  
in 0.01 1V[ Tris-HC1 buffer  (pH 7.4) c o n t a i n i n g  0.1 M 
NaC1 and  1 mM E D T A ,  e x t r a c t e d  for i ts  R N A  w i t h  
p h e n o l  c o n t a i n i n g  1~o SDS. N R  cells were washed  th r ee  
t imes  w i t h  p h o s p h a t e - b u f f e r e d  saline (PBS) a n d  i n c u b a t e d  
w i t h  the  sample  of R N A  (equ iva len t  to  MOI  a b o u t  100) 
in d i lu ted  P B S  ( •  c o n t a i n i n g  1 m g / m l  of D E A E -  
d e x t r a n  a t  room t e m p e r a t u r e  for 20 min.  T he  v i rus  yie ld  

d e t e r m i n e d  a f t e r  10 h i n c u b a t i o n  was 9 . 7 •  s and  
1.7 • 10 s P F U / m l  in 7-day and  19-day NR,  respect ive iy .  
Th i s  d i f fe ience  m i g h t  be  a t t r i b u t e d  to the  reduced  level  
of t he  cel lular  p ro t e in  syn thes i s  of t he  19-day NIR wh ich  
is a b o u t  50% of t h a t  of 7-day N R  (unpub l i shed  observa-  
t ion) .  
I t  m a y  the re fore  be  conc luded  t h a t  N R  f rom 19-day-old 
e m b r y o  sti l l  r e t a ined  the  cel lu lar  c a p a b i l i t y  to  s u p p o r t  
v i ra l  t r a n s l a t i o n  a n d  m a t u r a t i o n .  The  res t r i c ted  mul t i -  
p l i ca t ion  of the  v i rus  obse rved  is t h u s  due  to t he  m o d u -  
l a t ed  i n a b i l i t y  of t he  cell to  process  t he  adso rbed  v i rus  
for s u b s e q u e n t  repl ica t ion .  To u n d e r s t a n d  t he  n a t u r e  of 
b iochemica l  even t s  assoc ia ted  w i t h  t h e  res t r i c ted  cycle 
of v i rus  in fec t ion  in the  cell, f u r t h e r  ana lyses  of the  
p a t h w a y s  of u n c o a t i n g  a n d  i n i t i a t i o n  of r ep l i ca t ion  will 
be necessary .  
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Summary. The  Soleus muscle  of t he  ra t ,  3-6  m o n t h s  old, becomes  s ign i f i can t ly  f a s t e r  t h a n  in t h e  controls ,  if t h e  spinal  
cord is cu t  a t  b i r th .  Mechanica l  p roper t i e s  of E x t e n s o r  D i g i t o r u m  Longus  (EDL) muscle  are n o t  a l t e red  b y  sp ina l  cord 
sect ion.  I n  co rdo tomized  an imal s  Soleus muscle  a lways  r ema ins  s lower t h a n  E D L  muscle.  D e n e r v a t i o n ,  pe r fo rmed  
3-6 m o n t h s  a f te r  b i r th ,  has  the  same slowing effects in  t he  Soleus and  E D L  muscles,  b o t h  in co rdo tomized  and  in the  
con t ro l  animals .  

The  c o n t r a c t i o n  speed of s t r i a t ed  muscles  in m a m m a l s  
is a t  b i r t h  un i fo rmly  slow. Dur ing  the  1st few weeks a f t e r  
b i r th ,  t he  c o n t r a c t i o n s  become  faster,  and  more  so in t he  
muscles  sub jec t ed  to a phas ic  a c t i v i t y  t h a n  in t he  
muscles  w i t h  a ton ic  ac t iv i ty ,  w i t h  t he  c o n s e q u e n t  
d i t f e r en t i a t i on  in to  t he  fas t  a n d  t he  slow types  1-2. 
The process  of musc le  d i f f e r en t i a t i on  appea r s  to  be  a l tered,  
if n o r m a l  m o t o r  a c t i v i t y  a t  b i r t h  is e i the r  r educed  b y  
sp ina l  cord sec t ion  or comple te ly  abol i shed  b y  n e r v e  
section.  In  the  1st case, slow muscles  in t he  ca t  are 
r epo r t ed  to become nea r ly  as fas t  as n o r m a l  fas t  muscles  1 ; 
in t he  o the r  case, t he  d i f f e ren t i a t ion  of t he  slow muscle  
seems to be  unaf fec ted ,  while  the  speeding  of t he  fas t  
muscle  does no t  occur,  so t h a t  a f t e r  3 weeks t he  con t r ac -  
t i on  t imes  of the  2 muscles  are r epor t ed  to be, in the  r a t  
a n d  in t he  r abb i t ,  m u c h  a b o u t  the  s a m e <  
I t  m u s t  be  obse rved  t h a t  dene rva t ion ,  w h e n  pe r fo rmed  in 
adu l t  an imals ,  does n o t  abol i sh  the  m e c h a n i c a l  dif ferences  
be tween  fas t  a n d  slow muscles  4, a I t h o u g h  t he  di f ferences  
are r educed  in t he  r a b b i t <  Thus ,  i t  seems possible  t h a t  
muscle  d i f f e r en t i a t i on  affects  t he  changes  fol lowing 
dene rva t i on .  I n  t h e  p r e s e n t  work,  we r epea t ed  in t he  r a t  
t he  e x p e r i m e n t s  of sp ina l  cord  sect ion a t  b i r th ,  pa r t i a l l y  
conf i rming  t he  resu l t s  o b t a i n e d  b y  Bul ler  e t  al. 1 in  t h e  
ca t ;  subsequen t ly ,  w i t h  a v iew to i nves t i ga t e  w h e t h e r  
t he  degree of muscle  d i f f e r en t i a t i on  is of some i m p o r t a n c e  
for t he  effects of d e n e r v a t i o n  on  t he  d y n a m i c  p roper t i e s  
of muscles,  we c o m p a r e d  the  effects of ne rve  sec t ion  in 
the  co rdo tomized  a n d  in the  con t ro l  an imals .  
Methods. Spina l  cord  sec t ion  was car r ied  ou t  a t  t i le mid-  
thorac ic  level, u n d e r  e t h e r  anaes thes ia ,  in  a lb ino  r a t s  
2 days  old. Af te r  3-6  m o n t h s ,  t he  sciatic n e r v e  was cu t  

un i la te ra l ly ,  a lways  u n d e r  e the r  anaes thes ia ,  nea r  t he  
t r ochan t e r .  In  a g roup  of n o r m a l  a n i m a l s  of t he  same age, 
t he  sciatic ne rve  was also cu t  un i la te ra l ly ,  as a control .  
3 weeks a f t e r  d e n e r v a t i o n ,  con t rac t i l e  p roper t i e s  of 
Soleus and  E D L  muscles  were e x a m i n e d  in vi t ro.  The  
muscles,  i m m e r s e d  a t  37~ in t he  Krebs  so lu t ion  (pH 
7.2-7.4) a e r a t e d  w i t h  a m i x t u r e  of 95% 02 a n d  5% CO2, 
were connec t ed  to an  i somet r ic  t r a n s d u c e r  and  s t i m u l a t e d  
t h r o u g h  p l a t i n u m  electrodes,  w i t h  t he  mass ive  s t imula -  
t ion  m e t h o d  6. The  s t imul i  were s u p r a m a x i m a l ,  of 
0.2 msec du ra t i on .  Mechan ica l  responses  were r ecorded  
b y  a s torage  oscil loscope (Tekt ron ic  5103 N/D11) ,  and  
c o n t r a c t i o n  t i m e  (CT), ha l f  r e l a x a t i o n  t ime  of t he  t w i t c h  
(1/2RT),  t e t a n i c  fusion f r e q u e n c y  (TFF) ,  T e t a n u s :  
t w i t c h  ra t io  ( T : t  ra t io)  a n d  m a x i m u m  ra te  of rise of 
t e t a n u s  were measured .  The  muscles  were weighed a t  
the  end  of t he  expe r imen t s .  
Results. Soleus muscle  ( tab le  1). I n  Soleus musc les  f rom 
the  an ima l s  w i t h  sp ina l  cord  sect ion,  CT and  T :  t r a t io  
were s ign i f i can t ly  smal le r  (p < 0.05), T F F  a n d  the  r a t e  
of rise of t e t a n u s  s ign i f i can t ly  g r ea t e r  t h a n  in t he  con t ro l  
muscles.  W h e n  d e n e r v a t e d  a f t e r  sp ina l  cord  sect ion,  
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