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The ef fec ts  of in t r acen t ra l  injection of antibodies against  b ra in - spec i f i c  S-100 antigen (S-100 
protein) were  studied by an e lec t roencepha lographic  method with es t imat ion  of the power of the 
EEG rhy thms  by analog computer .  I n t r a c e r e b r a l  injections of antibodies against  S-100 protein 
caused an inc rease  in power of the pr inc ipa l  EEG rhy thms  in the hippocampus,  caudate nucleus, 
and mesencepha l ic  r e t i cu l a r  format ion,  followed by the development  of ep i lep t i fo rm activi ty in 
these same  s t ruc tu re s .  
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Hyden and Lange [ 8, 9} showed in 1970 that [n t raven t r icu la r  injection of antibodies against  b ra in - spec i f i c  
S-100 antigen (S-100 protein) has a proact ive ,  inhibi tory action on the ability of r a t s  to acquire  ski l ls  during 
t ra ining.* This  behaviora l  effect  of injection of antibodies developed during the f i r s t  4 days,  but the main r e -  
sul ts  of the injection could be observed as ea r l y  as on the f i r s t  day. An immunof luorescence  control  (by the 
indirect  Coons'  method) showed that antibodies against  S-100 prote in  were  located mainly  in the cy toplasm of 
the gl iocytes  and in the nuclei of pyramida l  and granule  cel ls  of Ammon'  s horn and the f a sc ia  dentata of the 
hippocampus.  The r e s u l t  of the injection was cons idered  by these w o r k e r s  to be due ent i re ly  to the adsorpt ion 
of antibodies by S-100 protein,  although this in te rpre ta t ion  has been c r i t i c ized  [10]. 

The absence of any informat ion on the physiological  (bioelectr ical)  e f fec ts  of antibodies against  S-100 
prote in  in the l i t e ra tu re  adds substant ia l ly  to the difficulty of exhaust ive analys is  of the behaviora l  and his to-  
chemical  s tudies  of Hyden and c o - w o r k e r s  [8, 9]. 

The object of this invest igat ion was a compute r  analys is  of the e lec t roencepha lographic  effects  of in t r a -  
cen t ra l  injection of antibodies agains t  S-100 prote in  and it is a par t  of a combined invest igat ion of the phys io-  
logical ro le  of b ra in - spec i f i c  antigens being conducted in the authors '  l abora to ry  [ 1, 6, 7]. Its a ims  were :  
a) to study the dynamics  of changes in rhy thms  of the EEG in r a t s  when r eco rded  over  a long per iod in un- 
anesthet ized animals  af ter  injection of antibodies against  S-100 prote in  into the la te ra l  ventr ic le ;  b) to a s s e s s  
the t empora l  c h a r a c t e r i s t i c s  of development  of the ef fec ts  of antibodies in di f ferent  bra in  s t ruc tu res ,  

E X P E R I M E N T A L  M E T H O D  

The methods of the e tec t rophys to logica[  invest igat ions [ 2] and of isolation, purif icat ion,  and ident if ica-  
tion of S-100 prote in  [4] were  fully desc r ibed  previously .  Pro te in  was isolated f rom bovine brain.  It was 
purif ied in ammonium sulfate and by ch roma tog raphy  on DEAE-ce l !u lose ,  DEAE-Sephadex,  and p repa ra t ive  
e l e c t ropho re s t s  in po lyac ry lamide  gel. When the isolated and purif ied S-100 prote in  was used as an antigen, a 

*An effect  of antibodies a r i s ing  in r e sponse  to their  injection before  the t ra ining sess ion.  
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Fig.  1. Dynamics  of changes in power of 0 (A) and ~ rhy thms  (B) in var ious  
b ra in  s t r u c t u r e s  a f te r  [n t r acen t ra l  inject ion of S-100 protein.  Hypothal) 
P o s t e r i o r  hypothalamus;  hip. d, s) r igh t  and left h ippocampus,  r e s pe c t i ve l y ;  
N. cal.) caudate nucleus;  R.F.)  r e t i c u l a r  fo rma t ion ,  g igan toce l lu l a r  nucleus.  

complex of it with methyla ted  bovine s e r u m  albumin was made and this was in jected into r abb i t s  in accordance  
with the usual  scheme of immunizat ion.  An t i s e rum aga ins t  S-100 pro te in  gave only one band with b ra in  ex t r ac t  
in the p rec ip i t a t ion  test.  

An t i s e rum agains t  S-100 prote in ,  d i s so lved  before  use in d i s t i l l ed  water  (0.05 ml), was in jected into the 
left  l a t e r a l  ven t r ic le .  The or ien ta t ion  of the mic rocannu la  and e l e c t r o d e s  was taken f rom s t e reo tax ic  c o o r d i -  
nates  of M a r s a l a  and Fifkova '  s a t las .  E l e c t r i c a l  ac t iv i ty  of the r ight  and left  hippocampus,  the head of the 
caudate nucleus,  the p o s t e r i o r  hypothalamus,  g igan toce l lu la r  nucleus of the mesencepha l i c  r e t i c u l a r  formation,  
and the c e r e b r a l  cor tex .  The i so la ted  o4 9,  0, and A rhy thms  of the EEG were  in tegra ted  with r e s p e c t  to the 
modulus of function on an analog computer .  The r e s u l t s  of in tegra t ion  were  d i sp layed  as graphs  on a r e a l  t ime 
sca le  by the USChl-03 ins t rument .  The analog s ignal  was r e c o r d e d  s imul taneous ly  on a "Talana"  tape r e -  
co r de r .  Curves  showing the dynamics  of the in tegra l  of the modulus of the EEG rhy thms  were  p r o c e s s e d  
manual ly .  The r e su l t i ng  se t s  of numbers  were  p r o c e s s e d  on a H e w l e t t - P a c k a r d  9820A ca lcu la to r  in o rder  to 
de t e rmine  the mean values  of the d i s p e r s i o n s  and confidence in t e rva l s  (by Student 's  t t e s t  for P = 0.1). 

EXPERIMENTAL R E S U L T S  

Control  e x p e r i m e n t s  with i n t r a c e n t r a l  inject ion of nonimmune rabb i t  s e r u m  and of d i s t i l l ed  water ,  just  
as p rev ious ly  [2], caused no s y s t e m a t i c  or un id i rec t iona l  changes in the EEG. The most  typical  effect  of 
i n t r a c e n t r a l  inject ion of ant ibodies  agains t  S-100 pro te in  was an i nc rea se  in the ampli tude of the 0 and /~ EEG 
rhythms,  mos t  marked  in the h ippocampus c o n t r a l a t e r a l  to the s i te  of injection,  and r e c o r d e d  3-4 h af ter  the 
inject ion.  This was followed by deep d e p r e s s i o n  of the EEG rhy thms  (Fig. 1). 

The dynamics  of the changes in the rhy thms  in the hypothalamus was r a t h e r  d i f ferent .  After  d e p r e s s i o n  
of ac t iv i ty  for  a sho r t  t ime,  a subs tan t ia l  i nc rea se  in power of the EEG rhy thms  and thei r  s t ab i l i za t ion  at a 
high level  for  the r e m a i n d e r  of the t ime were r e c o r d e d  in this region.  In eight of the 10 expe r imen t s  of this 
s e r i e s  the i n c r e a s e  in power of the p r inc ipa l  EEG rhy thms  "degenera ted"  into ep i l ep t i fo rm act ivi ty  ( synchro-  
nous and hypersynchronous  0 waves),  which f i r s t  appeared  in the caudate nucleus and r ight  hippocampus and 
then became g e n e r a l i z e d  in other b ra in  s t r u c t u r e s .  
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A uni form inc rease  in power of the EEG rhy thms  and the development  of ep i lep t i fo rm act ivi ty  thus were  
d i scove red  in these expe r imen t s  as a r e s u l t  of in t racen t ra l  injection of antibodies against  S-100 prote in .*  
This  ef fec t  is bas ica l ly  s i m i l a r  to that desc r ibed  by the w r i t e r s  p rev ious ly  [ 2] and it is evidently specif ic  for  
the action of b ra in  antibodies on c e r e b r a l  e l ec t rogenes i s  [ 1, 2, 6, 10, 11]. The mos t  l ikely cause of this effect  
is a prolonged depolar iza t ion  shift  [1, 3], r ecen t ly  desc r ibed  for an t i se rum against  S-100 protein,  developing 
in r e sponse  to applicat ion of the antibodies.  The depolar iza t ion  shift, once it has a r i sen ,  can equalize the ex-  
ci tabi l i ty  of the var ious  neuron pools and so lead to ep i lep t i fo rm changes in the EEG [3].  

It can be suggested on the bas i s  of these r e su l t s  that the affect  of antibodies against  S-100 prote in  on 
learning in ra t s ,  desc r ibed  by Hyden and Lange [ 8], is based on the "obl i tera t ing"  proac t ive  mechan i sm of 
se izure  e l ec t rogenes i s  that has a l ready  been investigated.  
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