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la mSme sur t o u s l e s  champs  d 'un  m6me animal .  Le fai t  
d ' em p loye r  plusieurs doses pe rme t  de m i e u x  graduer  los 
r6sultats.  

Los condi t ions  d ' i r radia t ions  on t  6t~ les su ivan tes :  
50 kV - fil tre 1 mm A1 - C.D.A. 0,8 m m  A1 - 20 m A  - 
D.F .  10 cm -- c h a m p  1 cm de diam~tre  - d6bit  852 R/rain.  

Rdsultats. Les r6sul tats  sont  repr6sent~s dans la Figure.  
Chaque poin t  est une moyenne  de 50 observat ions.  Les 
unit6s sont  arbi t ra i res ;  100 est  consider6 c o m m e  6pilat ion 
to ta le  et  0 c o m m e  absence d '~pilat ion.  Sur  chaque  an imal  
l ' intensi t6 de l '6pilat ion a 6t6 estim6e ~ plusieurs reprises 
en comparan t  les champs  ent re  eux k par t i r  de 8 jours 
apr~s l ' i r radiat ion.  Comme on pen t  Ie voi r  sur  la Figure,  
la pro tec t ion  a t t e in t  un m a x i m u m  10 rain apr~s l ' i r radia-  
t ion pour  d iminuer  ensuite  len tement .  Apr~s 60 min  il 
persiste encore une p ro tec t ion  appreciable.  Les r6sul ta ts  
cor respondent  plus ~. ceux de BAcQ °, de GRAYEVSKY et  
al. 4 6 tudian t  la mor ta l i t~  chez la souris et  ~ ceux de 
BETZ et  al. b chez le rat ,  qu '~  eeux de SMOLIAR 1 avec la 
cys t4amine chez le rat .  Les r4sul ta ts  ne sont  nature]le-  
m e n t  pas t o u t  ~ fair  comparables ,  Smol iar  a y a n t  utilis6 

la cys t6amine  c o m m e  pro tec teur  e t  le t a u x  de morta l i t6  
c o m m e  crit~re de pro tec t ion  x0 

Zusammenlassung. An Cys tamin- in j iz ie r ten  R a t t e n  
(i.p.) wurde  das Ausmass  der  Schutzwirkung,  in zei t l icher 
Abh~tngigkeit, bei  lokaler  Rt in tgenbes t rahlung,  auf  das 
H a a r w a c h s t u m  untersucht .  E ine  max ima le  Schutzwir -  
kung  wurde  nach  10 rain gefunden.  Sic n i m m t  yon  da  an  
langsam ab und  ist  selbst  60 min  nach  der  Cys tamin-  
in jekt ion  noch nachweisbar .  
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Antibody Production in Rabbits Fol lowing I m -  
m u n i z a t i o n  via the Lateral Ventricle of the Brain 

In a previous paper I we have shown that repeated in- 
jections of heterologous erythrocytes into the lateral ven- 
tricle of the  r abb i t  b ra in  induce s ignif icant  haemolys in  
product ion  in the blood, whereas  v e r y  weak  or no ant i -  
body  ac t iv i ty  could be de tec ted  in the  cerebrospinal  fluid. 
I t  has been assumed t h a t  slow clearance of ant igen  f rom 
the  cerebrospinal  fluid to  blood m a y  ac t  as a prolonged 
s t imulus  to an t ibody- fo rming  cells. In  the  fol lowing 
s tudy,  small  amount s  of foreign prote in  were in t roduced  
into the  la tera l  vent r ic le  of t he  r abb i t  b ra in ;  an t ibody  
format ion  was es t imated  and compared  wi th  t h a t  pro-  
duced by  convent iona l  routes  of immuniza t ion .  

Young  adul t  chinchi l la  rabbi ts  weighing 2.6 to  3 kg 
wore used, and assigned to  three  groups. Group  I con-  
sisted of 18 rabbi ts ;  each an imal  had  a cannula  perma-  
nen t ly  inserted into  the  la tera l  vent r ic le  of the  bra in  ~. 
The  rabbi ts  of th is  group were in jec ted  t h rough  the  can-  
nula  wi th  0.1, 1.0 and 10 mg of h u m a n  y-globulin. 
Groups I I  and I I I  were immunized  in t r avenous ly  and 
subcutaneous ly  respec t ive ly ;  an  immuniza t ion  schedule 
ident ical  to t h a t  of  Group  I was used. T w e n t y  days  af ter  
p r imary  immuniza t ion ,  each rabb i t  received a single 
in t ravent r icu la r ,  in t r avenous  or subcutaneous  boos ter  in- 
ject ion of 1.0 or  i0  mg  of h u m a n  y-globulin. Blood samples 
were ob ta ined  5, 8 and 11 days af ter  bo th  p r imary  and 
secondary immuniza t ion .  An t i -human  y-globulin ac t iv i ty  
of the  sera was es t imated  b y  passive haemagglu t ina t ion ,  
using formal inized and t anned  sheep e ry th rocy tes  as 
described elsewhere 3. All an t ibody  es t imat ions  were per-  
formed in duplicate.  Control  sera ob ta ined  f rom all  rab-  
bits  prior  to  immuniza t ion  were also tes ted  for the  pres- 
ence of an t i -human  y-globulin ant ibody.  On the  e leven th  
day  af ter  booster  inject ion,  cerebrospinal  fluid was wi th-  
d rawn from the  c is terna magna  wi th  special  precaut ions  
not  to  con tamina te  t he  cerebrospinal  fluid wi th  blood, 
Passive haemagg lu t ina t ion  tes ts  were also done on the  
cerebrospinal  fluids. The  brains in which cannulae  were 
inser ted were careful ly inspected a t  au topsy  in order  to 

ascer ta in  whe the r  infect ion occurred a t  the  site of im-  
planta t ion.  

The  resul ts  of the  passive haemagg lu t ina t i on  s tudies  
are summar ized  in the  Table,  The  p r imary  i m m u n e  re- 
sponse to in t r aven t r i cu la r  admin i s t r a t ion  of the  lower 
doses of h u m a n  y-globul in (0.1 and 1.0 mg) was more  
consis tent ly  de tec ted  t h a n  t h a t  no ted  in Groups  I I  and 
I I I .  Thus,  e ight  of e leven rabbi ts  of Group I p roduced  
an t ibody  earl ier  and in s ignif icant ly  higher  t i t e r  when  
compared  wi th  Group  I I  (four of eleven) and Group  I I I  
(one of thir teen).  The  p r imary  responses were comparab le  
in rabbi ts  immunized  in t ravenous ly  and in t raven t r i cu -  
lar ly when  a 10 m g  dose of an t igen  was employed.  Cere- 
brospinal  fluid f rom rabbi t s  of all  exper imenta l  groups 
did no t  exhib i t  passive haemagg lu t ina t i on  ac t iv i ty ,  
e i ther  by  the  me thod  described or  by  reac t ion  of the  fluid 
wi th  h u m a n  Rh(D) red blood cells coa ted  wi th  incomple te  
an t i -D (indirect  Coombs reaction).  

I t  is well known t h a t  var ious  routes  of pro te in  an t igen  
admin i s t r a t ion  m a y  lead to  q u a n t i t a t i v e  differences in 
an t ibody  format ion.  Al though  the  low an t i body  t i ters  
were ob ta ined  in the  present  s tudy,  never theless  the  
resul ts  show t h a t  t he  in jec t ion  of an t igen  into  the  la te ra l  
vent r ic le  of t he  r abb i t  b ra in  represents  an effect ive  mode  
of s t imula t ing  the  an t ibody- fo rming  appara tus  w i thou t  
using a d j u v a n t  materials ,  pa r t i cu la r ly  when small  doses 
of ant igen  are  employed .  These findings conf i rm those 
repor ted  p r e v i o u s l y '  on haemolys in  p roduc t ion  in can-  
nu la ted  animals.  I n  addi t ion,  others  have  shown a t h a t  
smaller  quan t i t i e s  of an t igen  m a y  be  requi red  to induce 
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Primary and secondary antibody responses following intraventricular, intravenous and subcutaneous administration of antigen 

Primary antibody response 

Amount of No. of Mean peak antibody titer (log~) 
antigen rabbits~ 
injected 5 days 8 days 11 days 
(mg) 

Secondary antibody response 

Amount of No. of Mean peak antibody titer (log2) 
antigen rabbitsa 
injected 5 days 8 days 11 days 
(rag) 

Intraventricular injection 
0,1 3/5 0.6 1.4 1.0 1 4/5 1,6 1.0 0.8 
1 5/6 0.4 1.5 2.0 1 5/6 3.2 2.5 1.8 

10 6/7 0,6 1.8 2.2 10 7]7 4.3 4,0 3.4 

Intravenous injection 
0.1 2]6 0 0 0.4 1 5]6 1.8 1.6 1.2 
1 2/5 0 0 0.6 1 5/5 2.2 2.3 1.5 

10 8/8 0.4 2.0 ~.7 10 8/8 3.7 3.8 3.0 

Subcutaneous injection 
0.1 0/6 0 0 0 1 0]6 0 0 0 
1 1/7 0 0 0.3 1 ~17 0.3 0.4 0.3 

10 5/8 0 0.4 1.5 10 5/8 2.3 1.8 1.0 

Numerator, number of rabbits with anti-human y-globulin antibody; denominator, number of rabbits in group. 

d e m o n s t r a b l e  a n t i b o d y  w h e n  in j ec t ed  i n t r a c o r n e a l l y  or  
i n t r a v i t r e o u s l y  t h a n  w h e n  in j ec t ed  b y  o t h e r  p a r e n t e r a l  
rou tes .  

T h e  m e c h a n i s m  b y  w h i c h  foreign p r o t e i n  reaches  im-  
muno log ica l ly  c o m p e t e n t  cells f r o m  t h e  ce r eb rosp ina l  
f luid is u n k n o w n .  I t  was d e m o n s t r a t e d  in  dogs t h a t  w h e n  
r a d i o i o d i n a t e d  h u m a n  se rum a l b u m i n  is i n j ec t ed  i n t r a -  
theca l ly ,  a c i s t e rna l  f l u id -p la sma  e q u i l i b r i u m  is e s t ab -  
l i shed in  16-20 h 5. DUPONT et  al. 8 sugges ted  t h a t  r ed  
b lood  cells a n d  a l b u m i n  are  c leared f rom t he  ce r eb rosp ina l  
f luid b y  s e p a r a t e  m e c h a n i s m s .  T h e y  p o s t u l a t e d  t h a t  r ed  
b lood  ceils are  p h a g o c y t i z e d  b y  t h e  meso the l i a l  ceils 
w h i c h  l ine t h e  s u b a r a c h n o i d  space.  SIMMONDS T d e m o n -  
s t r a t e d  t h a t  t h e  b i l a t e r a l  l i ga t ion  of t h e  cerv ica l  l y m p h a -  
t ics  does  no t  a f fec t  t h e  ' a b s o r p t i o n  r a t e '  of t h e  red  bIood 
cells f r om t h e  b r a i n  cav i ty .  S imi la r  resu l t s  were o b t a i n e d  
on  c lea rance  of col loidal  Au-198 par t ic les  f rom t h e  cere- 
b r o s p i n a l  f luid s. However ,  t hese  o b s e r v a t i o n s  do n o t  rule  
ou t  the  l y m p h a t i c  p a t h w a y s  for the  passage  of so luble  
p r o t e i n  f rom t h e  ce reb rosp ina l  f luid in to  t he  c i rcu la t ion .  

The  p r e sen t  s t u d y  does no t  offer  ev idence  on  t he  im-  
muno log ica l  c o m p e t e n c e  of choro id  p lexus  cells. Howeve r ,  
t he  poss ib i l i ty  t h a t  choro id  p lexus  m a y  be  a rou t e  b y  
w h i c h  p r o t e i n  par t ic les  cross t he  b r a i n - b l ood  ba r r i e r  m u s t  
be  t a k e n  i n to  account .  I t  seems p r o b a b l e  t h a t  choro id  
p lexus  m a y  p l a y  a rote b y  f u r n i s h i n g  t h e  s i te  where  t h e  
i n t r a v e n t r i c u l a r l y  i n j ec t ed  a n t i g e n  m e e t s  t h e  b l o o d - b o r n e  
immuno log i ea l l y  c o m p e t e n t  cells. I n d i r e c t  ev idence  in 
s u p p o r t  of t h i s  h y p o t h e s i s  is t h e  f o r m a t i o n  of ' r o u n d  

space  aggrega tes  of cells ' ,  r e s e m b l i n g  l y m p h o i d  follicles, 
in  t h e  choro id  p lexus  of an ima l s  deve lop ing  e x p e r i m e n t a l  
al lergic encepha lomye l i t i s  ~,'~. 

Rdsumd. Des lap ins  o n t  ~t6 immun i s6s  avec  de pe t i t e s  
q u a n t i t 6 s  de y°globul ine h u m a i n e  p a r  vole i n t r ave ineuse ,  
sous - cu t an6e  e t  p a r  le v e n t r i c u l e  l a t e ra l  du  cerveau .  
L ' exp~r i ence  m e t  en 5v idence  que  l ' i m m u n i s a t i o n  p a r  
vo le  i n t r a v e n t r i c u l a i r e  es t  la  p lus  efficace p o u r  la p roduc -  
t i on  des  an t i co rps .  
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P o s t s y n a p t l c  I n h i b i t i o n  i n  M o t o n e u r o n e s  

E v o k e d  f r o m  t h e  L o w e r  R e t i c u l a r  F o r m a t i o n  

Power fu l  de scend ing  i n h i b i t i o n  can  be  evoked  f rom t h e  
lower  r e t i cu l a r  f o r m a t i o n  1 S t i m u l a t i o n  of tb_is reg ion  c a n  
give p r e s y n a p t i c  i n h i b i t i o n  t h r o u g h  p r i m a r y  a f f e r en t  de- 
p o l a r i z a t i o n  a n d  also i n h i b i t i o n  of re f lex  p a t h s  a t  a n  
i n t e r n e u r o n a l  level  8, b u t  t h e r e  ha s  b e e n  no  c lear  d e m o n -  
s t r a t i o n  of p o s t s y n a p t i c  i n h i b i t i o n  of  m o t o n e u r o n e s .  Al- 
t h o u g h  hype rpo l a r i z i ng  r e sponses  c a n  b e  e v o k e d  in  m o t o -  

neu rones  f rom the  lower  b r a i n  s t e m  ~,4, i t  h a s  b e e n  re- 
p o r t e d  t h a t  these  responses  c an  n e i t h e r  be  r eve r sed  on  
h y p e r p o l a r i z a t i o n  of t he  m e m b r a n e  no r  are  t h e y  associ- 
a t e d  w i t h  t h e  c o n d u c t a n c e  changes  t yp ica l  of i n h i b i t o r y  
p o s t s y n a p t i c  p o t e n t i a l s  ( I P S P )  ~. I t  will p r e s e n t l y  be  
d e m o n s t r a t e d  t h a t  la rge  I P S P s  can  be  evoked  in m o t o -  
n e u r o n e s  f rom t h e  lower  b r a i n  s t em.  

I n t r a c e l l u l a r  r ecord ings  h a v e  b e e n  m a d e  f rom m o t o -  
n e u r o n e s  in  preco t l icu la r  d e c e r e b r a t e  ca t s  e i t h e r  w i t h  in-  
t a c t  sp ina l  co rd  or  w i t h  t h e  sp ina l  cord  t r a n s e c t e d  a t  


