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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 n g  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  
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Th X I I ,  excep t  for the  ven t ra l  q u a d r a n t  ipsi la teral  to the  
side of recording.  All the  expe r imen t s  were  made  unde r  
Flaxedi l .  There  was  f r equen t ly  ev idence  of exc i t a to ry  
p o s t s y n a p t i c  po ten t ia l s  but ,  in 77 of t he  85 inves t iga t ed  
f lexor and  ex tensor  motoneurones ,  t he  d o m i n a t i n g  effect  
of b ra in  stern s t imula t ion  was a hyperpo la r iza t ion .  19 
of t h e  mo toneu rones  were  ana lysed  w i t h  passage  of cur- 
r e n t  t h r o u g h  the  recording  microelec t rode ,  and  in all of  
t h e m  an inward  m e m b r a n e  cu r r en t  gave reversa l  to a de- 
polar izat ion.  This  shows t h a t  I P S P s  are evoked f rom the  
brain  s t em as i l lus t ra ted  in  t h e  Figure.  The I P S P s  in  A 
and  B are evoked  f rom the  b ra in  s t e m  and  t h e  ne rve  to  
the  f lexor d ig i to rum longus (FDL) respect ively .  The  cor- 
r e spond ing  lower recordings,  t a k e n  dur ing  t h e  passage  of 
a hyperpo la r i z ing  current ,  show the  reversa l  to  depolar iza-  
t ion  (C, D). 

Pulses  of cu r ren t  were also passed  t h rough  the  record-  
ing microe lec t rode  and  a c o m p e n s a t i n g  br idge ~ was em-  
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T 

F Bx10"gA 

Brain stem 8xlO'gA 

 omsBc 
]~recoliicular decerebrate eat under Flaxedil. A-D: gastro- 
cnemius-soleus motoneurone. The upper traces show the poten- 
tials recorded intracellularly with a K-citrate mieroelectrode 
(resistance 3.5 MD). Intracellular potential change in a positive 
direction is shown as an upward deflection, The lower traces were 
recorded from the dorsal root entry zone in lower L6 against an in- 
different electrode in the muscle. Upward deflection denotes nega- 
tivity of the central electrode. Record A shows a steady increase in 
membrane potential elicited by repetitive stimulation (150/sec) of 
the medial reticular formation of the medulla. Record B shows the 
IPSP produced in the same motoneurone by strong stimulation of 
the nerve to the flexor digitorum iongus. Records C and D show the 
reversal of both these responses when the membrane was hyper- 
polarized by an inward current (17 • 10 -* A) applied through the 
recording mieroelectrode. :E-F; posterior biceps-semitendinosus 
motoneurone. Change in membrane potential induced by rectangular 
pulse of depolarizing current (8 • 10 -~ A) (E) and its depression (F) 
by repetitive stimulation (280[see) of the medullary reticular forma- 
tion. On the right-hand side are drawings of transverse and para- 
sagittal section of the brain stem showing the region of the medial 
reticular formation whose repetitive stimulation produced IPSPs ill 
both extensor and flexor motoneurones of the ipsilateral hindlimb 
(abbreviations as in ~). The inhibitory region (hatched) covers mainly 
the nucleus reticularis pontis caudalis, gigantocellularis, ventralis 
and lateralis of Meessen and Olszewski as well as the region of the 

medial longitudinal fasciculus. 

p loyed  to measure  t he  m e m b r a n e  po ten t i a l  changes ,  as 
shown  at  two  sweep speeds  in E before and,  in F, dur ing  
s t imu la t ion  of t h e  b ra in  s tem.  The  reduced  size of t h e  
po ten t i a l  in  F shows t h a t  t h e r e  is a large increase  in 
m e m b r a n e  conduc tance  dur ing  the  I P S P .  Dur ing  s t imu-  
la t ion of the  bra in  s t em the  mono-  and  p o l y s y n a p t i c  
E P S P s  are  m a r k e d l y  decreased,  b u t  a t  leas t  in p a r t  th i s  
m a y  be due  to  p r e s y n a p t i c  inh ib i t ion  since dorsal  roo t  
po ten t i a l s  are  evoked  a t  t h e  s t r e n g t h s  requi red  to  give 
I P S P s .  There  is also a r educ t ion  of the  IS  and  SD com- 
p o n e n t  of t h e  an t id romica l ly  evoked  spike po ten t i a l s ;  
p r e s u m a b l y  a resu l t  of t he  increased  m e m b r a n e  conduc-  
tance.  

The h a t c h e d  areas in the  r i g h t - h a n d  drawings  of the  
F igure  give the  a p p r o x i m a t e  t r ansve r se  and  long i tud ina l  
d i s t r ibu t ion  of t he  region f rom which  I P S P s  are  evoked  
in f lexor  and  ex tenso r  m o t o n e u r o n e s  a t  low s t r eng ths  of 
s t imula t ion .  There  is a good cor respondence  wi th  MA- 
GOUN'S inh ib i to ry  cen t re  x. Controls  t a k e n  a t  t he  begin-  
n ing  of t he  exper iments ,  before  curar iza t ion  of t he  
animals ,  showed  tha t ,  a t  t he  s t imulus  in tens i t ies  r equ i red  
to  evoke I P S P s ,  t he re  was a collapse of the  ipsi la teral  
dece reb ra te  r igidi ty .  P r i m a r y  a f fe ren t  depolar iza t ion  as 
well as inh ib i t ion  of i n t e rneu rones  of d i f f e ren t  ref lex p a t h s  
m a y  p lay  a role in t he  p ronounced  descend ing  general ized 
m o t o r  inh ib i t ion  f rom MAGOIJN'S inh ib i to ry  centre .  Fu r -  
t he r  s tud ies  are requ i red  to  f ind ou t  w h e t h e r  t hese  dif-  
fe ren t  effects  or ig inate  f rom select ive regions of t h e  b ra in  
s tem,  b u t  in all l ikelihood the  m a i n  ac t ion  is t h r o u g h  pos t -  
synap t i c  inh ib i t ion  of m o t o n e u r o n e s  7. 

Riassunto. La s t imolaz ione  del la  formazione  re t icotare  
media le  del t ronco  del l ' encefa lo  con intensitS, di co r ren te  
efficace a inibire la r igidi t~ da decerebraz ione  p roduce  un  
notevole  a u m e n t o  del po tenz ia le  di  m e m b r a n a  in mo to -  
neuron i  spinal i  es tensor i  e flessori. Ques ta  r i spos ta  ~ in- 
v e r t i t a  dal  passaggio  di  una  cor ren te  iperpo la r izzan te  ed 
b associa ta  ad un notevole  a u m e n t o  della c o n d u t t a n z a  
della m e m b r a u a  simile a quel la  che si ha  d u r a n t e  i po t en -  
ziali in ibi tor i  pos t - s inap t ic i  ( IPSP)  p r o d o t t i  negli  s tess i  
mo toneuron i  dal la  s t imolaz ione  di af ferenze pr imar ie .  
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Note added in proof: In a paper appearing since our manuscript 
was submitted LLINAS and TERZUOLO (J. NeurophysioL 27, 579 
(1964)) now report that true postsynaptlc inhibition can be evoked 
from the bulbar reticular formation in extensor =-motoneuroncs. 


