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If 7 globulin obtained f rom the s e r u m  of rabb i t s  immunized  with the b r a i n  homogenate  of 
r a t s  t r a ined  to make defens ive  movements  to escape  f rom or  avoid an e l e c t r i c  cu r ren t ,  and 
then exhausted with the b r a i n  homogenate  of in tac t  r a t s ,  is  injected into o ther  r a t s  it  s ig -  
n i f icant ly  d e p r e s s e s  the fo rmat ion  and maintenance of the co r re spond ing  sk i l l ed  defensive 
movements  by  c o m p a r i s o n  with cont ro l  an ima l s  rece iv ing  exhausted ~/ globulin f rom the 
s e r u m  of rabb i t s  immunized with b r a i n  homogenate  f rom unt ra ined  r a t s .  

Recent  inves t iga t ions  [2-6, 10] have shown that  the genet ic  appara tus  of d i f fe ren t ia ted  ce l l s ,  e s -  
pec i a l l y  ce l l s  of the nervous s y s t e m  of h igher  an imals  and man, p lays  an impor tan t  ro le  in the mechan i sm 
of function of these  ce l l s .  If in format ion  r eaches  ce l l s  of the nervous  s y s t e m ,  the synthes i s  of p ro te in  
and RNA in the ce l l s  is ac t iva ted .  However ,  it  is  not ye t  known whether  new types  of RNA and p ro te ins ,  
not de tec tab le  in the ce l l s  before  t ra in ing  e i the r  because  of the i r  total  absence ,  or  because  of the ex-  
t r e m e l y  low in tens i ty  of the i r  syn thes i s ,  appea r  in the ce l l s  or  whether  the syn thes i s  of ex is t ing  types  of 
RNA and pro te ins  is i n c r e a s e d .  Recent  inves t iga t ions  have conf i rmed the hypothes is  that the s p e c t r u m  of 
syn thes ized  RNA is modif ied by t r a in ing  [8, 12]. 

The objec t  of the p r e s e n t  inves t iga t ion  was to d i s cove r  whether  dur ing  t ra in ing  of an imals  in a c e r -  
ta in  sk i l l ,  t he re  is  a change in the ant igenic  s p e c t r u m  of the b r a in ,  which could indicate  a change in the 
s p e c t r u m  of pro te ins  syn thes ized  in the b r a i n  and the appearance  of c e r t a i n  new pro te ins  spec i f ic  for  that 
p a r t i c u l a r  sk i l l .  

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

Exper imen t s  were  c a r r i e d  out on male  W i s t a r  r a t s  weighing 200 g. The r a t s  were  t r a ined  to c a r r y  
out sk i l l ed  defensive movements  in a maze .  Before the expe r imen t  began,  the an imal  was p laced  in the 
en t rance  chamber .  Opening the door  of the chamber  for  5 sec  was accompanied  by the r inging of an e l e c -  
t r i c  be l l ,  and i m m e d i a t e l y  a f t e r  this  s topped,  an e l e c t r i c  cu r r en t  was p a s s e d  along a wire  running along 
the f loor  of the maze .  Depending on the exp e r i m e n t a l  condit ions the r a t  could escape  f rom the act ion of 
the cu r r en t  only by running along the safe path through the maze .  Af ter  s e v e r a l  compulso ry  runs to e s -  
cape f rom the c u r r e n t ,  the an imal  l ea rned  how to avoid it ,  so that ,when the ra t  was p laced  in the en t rance  
chamber  of the maze ,  switching on the c u r r e n t  ins tant ly  caused the ra t  to run along the safe path.  Af ter  
the an imal  had been t r a ined  to escape  f rom the cu r ren t ,  i t  was then t r a ined  to avoid it, so that m e r e l y  
r inging the be l l  caused  the r a t  to run along the safe path.  

Tra in ing  was c a r r i e d  out da i ly  with the ra t  making 30 runs at  i n t e rva l s  of 2 rain. The number  of 
e scape  r e s p o n s e s ,  the number  of avoidance r e s p o n s e s ,  and the durat ion of each run were  r e c o r d e d .  The 
l a t t e r  depended,  as a ru le ,  on the degree  of deviat ion of the r a t  f rom the safe (correct)  path, for there  was 
ve ry  l i t t le  d i f ference  between the speed of movement  of the d i f ferent  groups of r a t s .  
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Two s e r i e s  of expe r imen t s  were  c a r r i e d  out. The an imals  used  in each s e r i e s  were  divided into 
two groups:  exper imen ta l  and control .  The effect  of 7 globulin obtained f rom rabbi t s  immunized with 
b r a i n  homogenate of the r a t s  on the ab i l i ty  of r a t s  to l ea rn  to e scape  f rom and to avoid the c u r r e n t  was 
s tudied in s e r i e s  I,  and i ts  effect  on the maintenance  of these  sk i l l s  in r a t s  was s tudied in s e r i e s  H. 

Rats  t r a ined  as d e s c r i b e d  above for 7 days ,  and a lso  control  r a t s  (i .e. ,  un t ra ined) ,were  s a c r i f i c e d  
in the cold, the b ra in  was pe r fused  with phys io log ica l  sa l ine ,  and its h igher  leve ls  (above the pons) were  
homogenized and lyophi l ized.  The rabbi t s  were  in jected with 1 ml of 15% b r a i n  homogenate  mixed with 
F reund ' s  adjuvant in the ra t io  of 1:1. Al toge ther  5 inject ions were  given at  i n t e rva l s  of 3 days .  One month 
a f te r  the beginning of immuniza t ion  blood was taken f rom the rabbi t s  and s e r u m  obtained f rom it.  The 
s e r a  of 4 rabb i t s  immunized  with ident ica l  homogenates  were  pooled.  P a r a l l e l  with these  p r o c e d u r e s ,  a 
b r a i n  homogenate  was obtained f rom unt ra ined  r a t s ,  and the s e r u m  was exhausted by mixing it with the 
homogenate thus obtained (2 p a r t s  of s e r u m  to i pa r t  of homogenate) .  The resu l t ing  mix ture  was incubated 
for 2 h at  37~ and then centr i fuged for  15 rain at  1000 rpm.  The 3/ globulin was i so la ted  f rom the s u p e r -  
natant  by Kenda l l ' s  method [11] and d ia lyzed  in the cold.  The reac t ion  with b a r i u m  ch lor ide ,  c a r r i e d  out to 
de t e rmine  the comple t eness  of d i a l y s i s ,  r e v e a l e d  no d i f ference  between a l l  the d i a ly sa t e s  used .  The d i a ly -  
sa te  obtained f rom the s e r u m  of rabb i t s  immunized  with the b r a i n  of t r a ined  r a t s  was used  for  inject ion 
into the an imals  of the expe r imen ta l  group, and that  f rom animals  immunized  with b r a i n  of un t ra ined  r a t s  
was in jec ted  into the an imals  of the cont ro l  group.  The d i a lysa t e ,  equal to 20% of the in i t ia l  volume of the 
s e rum,  was in jec ted  in a dose of 0.05 ml into the l a t e r a l  ven t r i c l e  of the r a t  through a meta l  cannula p r e -  
v iously  implanted by a s t e r eo t ax i c  technique.  

The ra t s  of s e r i e s  I r e c e i v e d  an inject ion of d ia lysa te  dai ly  for 3 days; a f te r  each in jec t ion  they 
were  p laced  in a maze  where  they were  t r a ined  as d e s c r i b e d  above.  The an ima l s  of s e r i e s  II were  t r a ined  
for  the f i r s t  3 days by the s ame  method, and during the next 3 days they rece ived  the d i a lysa t e .  On the 
7th day, maintenance  of the sk i l l s  was tes ted  in these  r a t s .  The t e s t  cons is ted  of 30 appl ica t ions  of the 
condit ions s t imulus  (the bel l ) ,  of which the f i r s t  10 were  not r e in fo rced  by  the e l e c t r i c  c u r r e n t .  The an i -  
mal  was  p laced  in the en t rance  chamber  and 5 sec  l a t e r  the be l l  was switched on. If  the r a t  had not gone 
f rom the chamber  10 sec a f t e r  the beginning of r inging the be l l ,  the r e su l t  of absence  of running was r e -  
corded .  In the next 20 appl ica t ions ,  the e l e c t r i c  c u r r e n t  was switched on 5 sec  a f te r  the be l l  if the an imal  
was s t i l l  in the ent rance  chamber .  As soon as  the ra t  left  the chamber  the cu r r en t  was switched off unti l  
the end of the run .  The same indices  were  r e c o r d e d  as during t ra in ing .  In addit ion,  the index of c o r r e c t  
p r e s e r v a t i o n  (ICP) of the sk i l l  was ca lcu la ted  as  the ra t io ,  in pe rcen t ,  between the number  of c o r r e c t  runs 
during the t es t  of sk i l l  p r e s e r v a t i o n  and the number  of c o r r e c t  runs on the l as t  (3rd) day of t ra in ing .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The re su l t s  given in Table 1 show that  on the 2nd-3rd day of t ra in ing  the an imals  of the control  
group showed s ignif icant ly  more  c o r r e c t  r e sponses  of avoiding the c u r r e n t  than the r a t s  of the e x p e r i -  
mental  group,  while the number  of r e sponses  of escap ing  f rom the c u r r e n t  and the dura t ion  of each run 
were  g r e a t e r  for  the an ima l s  of the expe r imen ta l  group than for  those of the control  group,  although the 
d i f ference  was not always s t a t i s t i c a l l y  s ignif icant .  Inject ion of d ia lysa te  into the animals  of the e x p e r i -  
mental  group s igni f icant ly  impa i r ed  the p r e s e r v a t i o n  of the sk i l l  by c o m p a r i s o n  with the control  group of 
an imals .  Fo r  ins tance ,  in the an imals  of the expe r imen ta l  group,  ICP was 28• compared  with 55• 
in the controls  (P < 0.001), the number  of escape  r e sponses  was 8• and 16~:2 r e spec t ive ly  (P < 0.001), 
and the dura t ion  of each run was 45• and 15• sec  (P < 0.001) r e s pe c t i ve l y .  

Recent  inves t iga t ions  [9, 13] have es t ab l i shed  the antigenic spec i f i c i ty  of the b r a i n  and of i ts var ious  
s t r u c t u r e s ,  and a lso  the d e p r e s s a n t  effect of b ra in  ant ibodies  on the function and e l e c t r i c a l  ac t iv i ty  of 
nerve  ce l l s .  However ,  poss ib le  changes in the antigenic s p e c t r u m  of the b r a i n  dur ing t ra in ing  in a speci f ic  
sk i l l  has never  been  inves t iga ted .  

The cons ide r ab l e  i m p a i r m e n t  in t ra in ing  and memor i z ing  of sk i l l ed  defensive movements  of e s c a p -  
ing f rom and avoiding an e l e c t r i c  cu r r en t  observed  in the p r e s e n t  expe r imen t s  in ra ts  rece iv ing  ~/ globulin, 
i so la ted  f rom the s e r u m  of rabb i t s  immunized with bra in  homogenates  f rom t r a ined  an imals ,  indica tes  
that  dur ing t ra in ing  there  is  a change in the antigenic spec t rum of the b r a in ,  and a change in the s p e c t r u m  
of the p ro te ins  or  subs tances  connected with them, synthes ized  in the b r a in ,  spec i f ic  for  that  p a r t i c u l a r  
sk i l l .  
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The function of these new types of protein molecules  remains unknown. 
They can participate in the synthesis  of mediators responsible for the forma- 
tion of functional connections in neuron chains, or they may be components of 
the receptor groups of synapses  forming these connections. On the basis  of 
the facts described above and of other evidence which has been obtained a hypo- 
thesis can be put forward which can be called the "neuronal selection" hypothe- 
s is  by analogy with the clonal select ion theory of immunogenes is .  According to 
this hypothesis ,  macromolecular  heterogeneity of neurons (or groups of neu- 
rons) ar i ses  during embryogenes i s  when anatomical connections formed be-  
tween them. In these different groups of neurons, different segments  of DNA 
free from histone blocking are correspondingly responsible for synthesis  of 
their specif ic  proteins.  Taken as a whole,  they constitute the phylogenetic or 
genetic memory .  Coding of the ontogenetic information reaching the brain 
(individual experience,  ontogenetic memory) takes place by activation of some 
of these anatomically pre-exis t ing connections.  Since each of these connec- 
tions is maintained by its own specific proteins,  the synthesis  of which is 
sharply increased at this period, the antigenic spectrum of the brain is altered. 
This is what was found in the present experiments .  

According to the writers '  earl ier  hypothesis [1], synthesis  of specific 
proteins in each group of neurons is activated by a mechanism s imi lar  to that 
described by Jacob and Monod [7], within a segment of DNA free from his tone  
blocking. 
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