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T h e  effect  of t h e  po lyca t ion ic  modi f ied  de r iva t i ve s  of 
p o l y g l u t a m i c  acid was  i n v e s t i g a t e d  on t he  vi ra l  r e s i s t ance  
i n d u c e d  b y  po ly  I : C in p r i m a r y  h u m a n  foeta l  cell cu l tu re s  
too;  106 cells were seeded  in 1 m l  of t he  a b o v e - m e n t i o n e d  

m e d i u m  a n d  g row n  in  s t a t i o n a r y  t u b e s  a t  37 ~ for 4 to  
5 days .  The  m i n i m a l  p ro t e c t i ve  doses  of po ly  I :C ,  b o t h  
in p resence  a n d  absence  of po lyca t ions ,  were d e t e r m i n e d  
as descr ibed  a bove  (Table). 

Minimal protective doses of poly I:C against VSV infection in 
L-929 and human foetal cells in the presence and absence of polyea- 
lions 

Summary. Polyca t ion ic  modi f i ed  de r iva t i ve s  of poly-  
g l u t a m i c  acid are a t  l eas t  as  good e n h a n c e r s  of po ly  I : C  
i nduc e d  v i ra l  r e s i s t ance  in va r i ous  cell cu l tu re s  as are  
D E A E - d e x t r a n  or poly-L- lys ine  7. 

Type of polycation b 

Minimal protection doses �9 of poly 
I : C in [xg/ml of media 

L-cells Human foetal cells 

Poly-DMAE-glutamine o I.I0 4 5.10-8 
Poly-DEAE-glutamine o 1.10 .4 5.10 -3 
Poly-L-lysine (Sigma) 1.10 -~ 1.10 -3 
DEAE-dextran (Pharmaeia) 5.10 -4 1.10 -3 
Without polycation 1.10 ~ ' - 
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~Determined as described in the text. bPolycations were used in 
concentrations of 20 [xg/ml of media, o Polycationic modified deriv- 
atives of polyglutamic acid, with characteristic structural units as 
indicated in the formula. 
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Norepinephrine in Fetal and Neonatal  Rabbit Brain 

I n  n e w b o r n  m a m m a l s ,  such  as  t he  ra t ,  m o u s e  a n d  rabb i t ,  
t h e  a m o u n t  of n o r e p i n e p h r i n e  is r e la t ive ly  smal l ,  s lowly 
inc reas ing  to  a d u l t  va lue s  over  a per iod of 4 to  6 weeks  1, 3. 
All t hese  species  are cons idered  d e v e l o p m e n t a l l y  i m m a -  
t u r e  a t  b i r th .  Th e  n e w b o r n  gu inea -p ig  is c o m p a r a t i v e l y  
well deve loped:  its b ra in  n o r e p i n e p h r i n  e is a t  a p p r o x i m -  
a t e ly  t h e  a d u l t  level. I n  t he  n e w b o r n  r a b b i t  (1-day-old) 
on ly  ha l f  of th i s  va lue  is f ound  1. Since we are in t e re s t ed  
in phys io log ica l  mod i f i ca t i ons  occur r ing  in m a m m a l s  
d u r i n g  p a r t u r i t i o n  a n d  a few h o u r s  a f t e rwards ,  we h a v e  
u n d e r t a k e n  th i s  s t u d y  to d e t e r m i n e  w h e t h e r  or n o t  t he  
b r a in  n o r e p i n e p h r i n e  s tore  c h a n g e s  in fe tus  a n d  n e w b o r n  
r ab b i t s  d u r in g  t h i s  period.  

Materials and methods. I n  our  e x p e r i m e n t s  we h a v e  
used  t e tuses  a n d  n e w b o r n  r a b b i t s  of t he  wh i t e  N e w  
Zea land  s t ra in ,  in w h i c h  t he  t e r m  of ge s t a t i on  is 31 days .  
A t  t h e  s tage  of t h e  30 th  or 31st  day ,  t he  female  r a b b i t s  
were killed b y  ai r  embo l i sm,  l a p a r o t o m y  was  pe r fo rme d  
a n d  all t h e  fe tuses  were  t a k e n  ou t  a n d  d e c a p i t a t e d  a t  
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Norepinephrine level in fetal and neonatal rabbit brain (ng/g). 
Mean values and standard error for each group are given, n = number 
of samples. 

once. T h e  b r a in s  were qu ick ly  r emoved ,  b lo t t ed  on f i l ter  
pa pe r  a n d  f rozen i m m e d i a t e l y .  Since each  b ra in  c on t a in s  
low a m o u n t s  of no rep inephr ine ,  i t  was  ne c e s sa ry  to  pool 
4 to 5 in each  sample .  The  n e w b o r n  r a b b i t s  were s e p a r a t e d  

" f rom the i r  m o t h e r  j u s t  a f te r  b i r th ,  d u r i n g  t he  1st h or 
la ter  on, w i t h i n  2 to 4 or 8 to 12 h. As w i t h  the  fe tuses ,  
t he  n e w b o r n  a n i m a l s  f r om the  s a m e  l i t te r  were d iv ided  
in to  g roups  of 4 to 5 a n d  kil led b y  decap i ta t ion .  T h e i r  
b ra ins  were r e m o v e d  a nd  t he  s a m p l e s  were p repa red  in t he  
s a m e  way.  T h e  t i s sue  was  h o m o g e n i z e d  in ice-cold 0.4 M 
perchlor ic  a c i d  b y  us ing  a T r i - R  t i s sue  homoge n i ze r  
(Genelab In t e rna t i ona l )  p rov ided  w i th  a glass  pest le,  a n d  
cen t r i fuged  a t  9000 •  a t  0~ for 30 rain. T h e  e x t r a c t i o n  
was  p e r f o r m e d  twice  more  a n d  all 3 s u p e r n a t a n t s  were 
pooled ~. T h e  p H  was  a d j u s t e d  to 8.5 M Tris buffer  4 a n d  
the  s a m p l e s  were adso rbed  on to  a luminaS.  W e  used  
ac t ive  Merck  a l u m i n i u m  oxide,  acidic a c t i v i t y  I, p r epa red  
b y  t he  m e t h o d  of ANTON a n d  SAYRE 6. The  a l u m i n a  
c o n t a i n i n g  t h e  adsorbed  n o r e p i n e p h r i n e  was  w a s h e d  a 
few t i m e s  w i t h  bi-dist i l led water .  T h e  e lu t ion was  
pe r fo rme d  w i th  3 • 2 m l  of 0.3 N acet ic  acid, the  a l u m i n a  
be ing  m i x e d  t h o r o u g h l y  w i t h  t he  acid b y  a m a g n e t i c  
st irrer .  All 3 e lua tes  were pooled,  cen t r i fuged ,  a d j u s t e d  
to p H  6.5 a n d  used  for f luoromet r i c  a s s a y L  A n  Amico-  
B o w m a n  Spec t ro - f luo romete r  w i t h  ell ipsoidal mi r ro r  
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was used for f luor imetr ic  measurements .  Readings  were 
made  at  ac t iva t ion  wave  lengths  of 380 and  430 n m  and  
a t  f luorescence wave  lengths  of 490 and 540 nm.  The m e a n  
values 4- SEM are given in ng/g  of tissue. 

Results. In  the  fetuses  of 30 days,  the  bra in  norepine-  
phr ine  level is low, only  51 4- 4.9 ng/g. No changes  occur 
the  n e x t  day, the  las t  one before b i r th  (52 4- 9.7 rig/g), as 
can be seen in the  Figure.  

Ai te r  par tur i t ion ,  wi th in  the  1st h, the  newborn  r ab b i t  
bra in  con ten t  falls to 34 4- 9.9 ng/g norepinephr ine ,  
abou t  37% less t h a n  t h a t  of the  31st day.  La te r  on, 
wi th in  2 to 4 h, the  a m o u n t  of noreph inephr ine  re tu rns  to  
the  p rena ta l  level (52 :~ 5.6 ng/g) and remains  prac t ica l ly  
the same for 8 to  12 h (51 :j: 2.4 ng/g) (see Figure).  

Discussion. In  the  r a t  fetus, the  enzymes  involved in the  
b iosynthes is  of ca techolamines  are p resen t  in the  bra in  a t  
15 days  of ges ta t ion  s, ~ ; a t  th i s  age, the  norep inephr ine  is 
a t  only  2% of the  adul t  level, whereas  the  b iosyn the t i c  
enzymes  have  specific act ivi t ies  of abou t  10% of those  
in the  adul t  bra in  ~~ At  b i r th  and thereaf ter ,  the  bio- 
syn the t i c  enzymes  and the i r  products ,  dopamine  and  
norepinephr ine ,  increase in a parallel  fashion 9,n. Our 
results  show t h a t  in the  r abb i t  fe tus  on the  30th and 31st 
day  of gestat ion,  norep inephr ine  is p resen t  and the  level 
remains  unchanged,  as is the  case wi th in  2 to 4 and  8 to  
12 h af ter  par tur i t ion .  On the  o ther  hand ,  dur ing  the  
1st h following par tur i t ion ,  a decrease of norep inephr ine  
can be seen and the  var iab i l i ty  of the  individual  values  is 
larger t h a n  in the  o the r  stages. Wi th in  2 to 4 h, the  a m o u n t  
of norep inephr ine  rises to  the  level measured  in the  fetuses,  
and remains  the  same for 8 to 12 h. Similar modif ica t ions  
of the  a m o u n t  of ca techolamines  have  been observed  in 
the  newborn  rabbi t ,  in varigus~.t~ssues. For  instance,  
dur ing the  first  few hours  folloWirig@a~turition, one can 
observe a decrease of the  a m o u n t  'of ca t echo la rn ine~ in  
the  adrenals  12, is and increase in the  plasm~ la, 14 and in ,tfi e 
hea r t  aS. These rapid and t r ans i to ry  var ia t ions  of the  
amoun t s  of ca techolamines  found in the  newborn  rabb i t  
thus  seem to be l inked to bir th .  The fall of the  norepine-  
phr ine  level in the  bra in  can be re la ted to the  fetal  
suffering special condi t ions  dur ing  par tur i t ion ,  especial ly 
the  hypox ia  which occurs a". I t  has  been es tabl ished t h a t  
in the  adul t  cat, the  a sphyx ia  produced  by  rebrea th ing  
can decrease the  norep inephr ine  level in the  hypo tha l a -  
mus  in less t h a n  2 h~7; in the  adul t  rat,  the  hypox ia  
decreases in 1 h the  norep inephr ine  in the  brain  18. In  the  
fetus, a sphyxia  also in t roduces  a decrease of the  level of 
ca techolamines  in h u m a n  ~9, l amb 2~ calf 2t and foal 22 
adrenals  and in h u m a n  ~9 and r abb i t  23 paragangl ia  as well 
as in h u m a n  2~ ex t ra -adrena l  tissue. In  the  adul t  rat ,  o the r  
severe stresses, such as prolonged muscular  effor t  25 and  
exposure  to cold 26-2s, are also known to  reduce the  
endogenous  level of ca techolamines  in tissues. Consequent -  
ly, the  spon taneous  decrease of norep inephr ine  in t he  
bra in  which we have  found  in the  newborn  r abb i t  can 

also be expla ined by  stress condi t ions  to which  the  
animals  are exposed  dur ing  par tu r i t ion .  As has been  
suggested 29, norepinephr ine ,  by  its v a s o m o t o r  act ion,  
could con t r ibu te  to a be t t e r  d i s t r ibu t ion  of blood to  t he  
brain,  thus  increasing the  b ra in ' s  oxygen  s tock and facil- 
i t a t ing  the  defense of the  newborn  animal  agains t  asphyxia .  
Therefore,  th is  bra in  norep inephr ine  l ibera t ion  dur ing  
pa r tu r i t i on  could have  an i m p o r t a n t  role in a mos t  
cri t ical  per iod of the  m a m m a l ' s  life 3~ 

Summary .  In  the  first  hour  a f te r  par tu r i t ion ,  the  new- 
born  r ab b i t  b ra in  norep inephr ine  c o n t e n t  is abou t  37% 
less t h a n  t h a t  of the  fetus of 30th or 31st day.  La te r  on, 
wi th in  2 to 4 h, the  norep inephr ine  level re tu rns  to t he  
p rena t a l  value and remains  unchanged  be tween  8 to  12 h. 
This  t r ans i to ry  fall of the  bra in  norep inephr ine  seems to be 
l inked to  the  stress condi t ions  which  occur dur ing par tur i -  
t ion. 
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C o m p a r a t i v e  S t u d y  of the  E l e c t r i c a l  and  M e c h a n i c a l  B e h a v i o u r  of  an I n t a c t ,  S e m i - I n t a c t  
and  I s o l a t e d  G a s t r o p o d e  (Helix pomatia) S m o o t h  M u s c l e  P r e p a r a t i o n  

Under  appropr ia te  s t imula t ion  condit ions,  the  isolated 
penis  r e t r ac to r  muscle  (PRM) of Helix pomatia L., a 
gas t ropode  sm oo th  muscle, can be made  to  pe r fo rm a 
phasic  con t rac t ion  and a prolonged con t rac t ion  k n o w n  
as ' ca tch '  (WABNITZl,~). W h e t h e r  the  two dis t inc t  t ypes  
of cont rac t ion  p lay  a pa r t  in the  normal  behaviour  of the  
penis  re t rac to r  muscle in the  in tac t  animal  is unknown.  

The aim of the  p re sen t  expe r imen t s  is to compare  the  
no rma l  electrical and  mechanica l  behav iou r  of the  i n t av f  
penis  re t rac to r  musc le ;nerve-bra in  p repa ra t ion  wi th  t he  
proper t ies  of the  muscle a t  d i f fe rent  s tages of surgical  
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