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POHLE, W. AND H. MATTHIES. Incorporation o f  3H-leucine into brain cells after learning. PHARMAC. BIOCHEM. 
BEHAV. 2(5) 573-577, 1974. - Immediately after a brightness discrimination 3H-leucine was administered to rats 
intraperitoneally. One hour after injection the brains were prepared for microautoradiographical examination. In condi- 
tioned animals, as compared to the controls, the incorporation of leucine into neurons was increased in all structures of 
the hippocampal formation, in the visual cortex and cingulate cortex, whereas no increase in incorporation was found 
in other cortical structures as well as in thalamic and hypothalamic nuclei investigated. 
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DURING and after acquisition of learning experiments an 
increased incorporation of precursors into the neuronal 
RNA of different brain regions has been observed by several 
investigators [ 1, 3, 6, 9, 13, 23],  comparable findings being 
obtained in our own experiments on brightness discrimina- 
tion in rats [20]. 

It can be assumed that this increased RNA synthesis may 
be followed by a change in protein synthesis indispensable 
in the consolidation of a memory trace. This hypothesis 
may be supported by the observations made for the 
amnestic effects of inhibitors of the protein synthesis 
administered during consolidation of memory [4,5]. 

To validate this assumption we investigated the incorpor- 
ation of  a H-leucine into the brain after the acquisition of a 
brightness discrimination in rats, which served in our work 
as a suitable learning model [17,19]. Microautoradio- 
graphic evaluation of  the incorporation has been chosen to 
assess not only the general incorporation, but also the dif- 
ferent participation of  several brain structures in these 
processes. 

METHOD 

Male Wistar rats aged 11 -12  weeks were trained in a 
Y-chamber to attain a brightness discrimination [19]. 
Immediately after having reached the criterion, 10 mCi of 
DL-4,5  -3 H-leucine (Institute of Isotopes, Budapest, 
Hungary, specific activity 30 Ci/mmole) were administered 
intraperitoneally. The intraventricular injection was found 
to be unsuitable when using leucine, because the distribu- 
tion in the brain was non-uniform. One hr after application 
the rats were decapitated, the brains removed, fixed in 

Formalin and prepared for microautoradiography [20]. 
Seven groups of animals, each containing a trained animal, 
an active and a passive control of equal body weight were 
investigated. The brains of one group were embedded in 
paraffin and sliced jointly in order to have identical condi- 
tions for microautoradiography. The silver grains were 
counted using coded microphotographs so as to avoid the 
experimental conditions in this procedure to be known. 
Figure 2 shows the brain structures investigated. 

RESULTS 

The smaller CA 1 and CA 2 pyramidal cells of the hippo- 
campus showed less incorporated radioactivity than the 
CA 3 and CA 4 cells. However, in all 4 sectors of the 
hippocampus the pyramidal cells of the trained animals 
exhibited a significant increase in incorporation by 25 to 
35% over the incorporation into the active controls. The 
latter, however, was only slightly elevated over that of the 
passive controls (Fig. 1). 

A relatively high radioactivity was detected in the 
granular cells of the area dentata in the trained animals, the 
increase over the active controls amounting to nearly +50%. 
A significant increase was also revealed in the neurons of 
the cingulate cortex as well as of the dorsal cortex, this 
corresponding in our preparation to the frontal part of the 
visual cortex [14,21], when the trained animals were 
compared with the active controls, whereas no differences 
seemed to occur between the active and the passive 
controls. (In previous unpublished investigations during the 
runs of the learning experiment significant differences were 
found in labelling of gyrus dentatus, CA 3 and CA 4 sectors 

This research was supported by the Ministerium fiir Wissenschaft und Technik der DDR. 

573 



574 P O H L E  A N D  M A T T H I E S  

hO- 

30- 

20- 

10 

0 

~" 30" ~U 

ol 

20- 

10- 

0 

f 
L 

CA.2 CA. 1 CA. 3 CA.,(, gran. cing.c, visu.c. 

Nc.par. do.lat.c, lat. c. vent.c. Nc.lat. Nc. hab. Nc.arc. 

FIG.  1. I n c o r p o r a t i o n  of  3H. leuc ine  in to  n e u r o n s  o f  the  ra t  b ra in  i m m e d i a t e l y  a f te r  a b r igh tness  d i sc r imina t ion .  Leuc ine  i n c o r p o r a t i o n  as 
silver gra ins  per  cell  -+SEMi  p 0.01 ; ~ p 0 .02;  * p 0 .05  • = c o n d i t i o n e d  an imals ,  I~ = act ive  con t ro l s ,  1~ = passive con t ro l s ,  CA 1 - 4  = sec tors  of  
h i p p o c a m p u s ,  gran.  = g ranu la r  cel ls  o f  area d e n t a t a ,  cing.c.  = c ingu la t e  co r t ex ,  visu.c.  = visual  co r t ex ,  do. la t .c .  = dor so la t e ra l  co r t ex ,  lat .c.  = 

la te ra l  co r t ex ,  vent .c .  = ven t ra l  co r t ex ,  Nc.lat .  = Nc. la te ra l i s  tha lami ,  Nc.par .  = Nc .paraven t r i cu la r i s ,  Nc. arc. = Nc.arcua tus .  
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FIG. 2. Schematic representation of a rat brain slice showing the regions investigated in this paper. 

= increased leucine incorporation due to the learning experiment 

O = no increase in leucine incorporation 

only.) No significant differences became evident in the 
dorsolateral, lateral and ventral cortices. Likewise, the label- 
ling did not differ significantly in the nucleus lateralis 
thalami, nucleus paraventricularis and nucleus arcuatus. A 
small increase in the nucleus habenulae was not significant 
(Figs. 1 and 2). 

DISCUSSION 

Basically, the increase in the incorporation of 3 H-leucine 
after a learning experiment took place in the same neuronal 
cells of the rat brain, as the incorporation of labelled 
u r i d i n e  m o n o p h o s p h a t e  [20 ]  or guanosine (own 
unpublished investigations) into the RNA increased under 

the same experimental conditions, only the differences 
being much more marked in the case of RNA incorpora- 
tion. In our experiments we had proved the real incorpora- 
tion of precursors into RNA by treatment of slices with 
RNAse. A similar proof is difficult to be performed in the 
experiments with incorporation of leucine. On the other 
hand, biochemical investigations into the incorporation of 
14C-leucine into the proteins of  different brain regions 
showed significant increases in incorporation into both the 
hippocampus and the visual cortex. These results obtained 
with an other label and using biochemical methods, but 
under identical conditions of the learning experiment, are 
in reasonable agreement with the autoradiographic study 
and again emphasize the important role of the hippocampus 
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at  least in this  t ype  o f  learn ing  e x p e r i m e n t  [3, 4, 5, 7, 8, 
t0 ,  t 2 ,  13, 16, 18, 20, 22]  and  the  pa r t i cu la r  pa r t i c ipa t i on  
of  the  visual co r t ex  in our  behaviora l  m e t h o d .  

An increase in the  i n c o r p o r a t i o n  of  amino  acids in to  
h i p p o c a m p a l  n e u r o n s  dur ing  a learn ing  e x p e r i m e n t  was also 
f o u n d  w h e n  using o t h e r  mode ls  of  l ea rn ing  or diss imilar  
species [2,  8, 16] ,  even in the  gangl ion o f  insects  [ 9 ] .  

Dur ing  a learn ing  e x p e r i m e n t  Krugl ikov [ 15] observed  a 
decrease  in i n c o r p o r a t i o n  in to  the  nucle i  o f  h i p p o c a m p a l  
n e u r o n s  in mice,  bu t  associa ted wi th  the i r  en l a r gemen t ,  and  
an increase  in i n c o r p o r a t i o n  in to  the  visual cor tex .  Labell-  
ing of  the  c y t o p l a s m  was no t  cons idered  in th is  s tudy .  
Some  c o n t r a d i c t i o n s  in the  resul ts  of  th is  k ind  of  invest i-  
ga t ions  appea r  to  be qu i te  u n d e r s t a n d a b l e ,  as we have 
observed  in our  b iochemica l  e x p e r i m e n t s  phasic  changes  in 
the  s y n t h e t i c  processes  in the  bra in  dur ing  c o n s o l i d a t i o n  
af te r  learning.  Dif ferences  may  also be due to the  vary ing  
e x p e r i m e n t a l  c o n d i t i o n s  used by several workers .  

In e x p e r i m e n t s  wi th  food  reward  [ 16] no  m a r k e d  differ- 
ences  o f  the  specif ic  a~:tivity of  the  p recursor  pool  seem to  
occur.  Even if in our  inves t iga t ions  f o o t s h o c k s  were appl ied  
to evoke  the  reac t ion  as well as to  pun i sh  incor rec t  
responses,  ou r  active con t ro l s  received the  same n u m b e r  of  
f o o t s h o c k s  as the  t ra ined  animals.  If the  f o o t s h o c k  would  
change  the  c o n d i t i o n s  d e t e r m i n i n g  the  specific act ivi ty  o f  
the  precursor ,  it shou ld  be relat ively ident ical  in b o t h  act ive 
con t ro l s  and  t r a ined  animals.  

Moreover  the d e t e r m i n a t i o n  of  the  specif ic  ac t iv i ty  of  a 
p recursor  pool  is a theore t i ca l  d e m a n d ,  which  may  be 
hard ly  accompl i shed  in the  mos t  in vivo s tudies ,  because  it 
makes  necessary the  m e a s u r e m e n t  of  b o t h  the  in t race l lu la r  
c o n c e n t r a t i o n  and  rad ioac t iv i ty  o f  the  precursor .  This  
general  d i f f icu l ty  has  to  be ove rcome  by a cri t ical  in te rpre-  
t a t i o n  o f  the  results  and  the i r  c o m p l e t i o n  by e x p e r i m e n t s  
wi th  d i f fe ren t  me thods .  The  d e t e r m i n a t i o n  of  the  specif ic  

act ivi ty  in the  so luble  f r ac t ion  o f  a h o m o g e n a t e  seems no t  
to  be  a sa t i s fac tory  e x p e r i m e n t a l  so lu t ion ,  especial ly in 
n e u r o c h e m i s t r y ,  because  the  n e u r o n a l  cell is an individual  
ent i ty .  The m e t h o d s  used in general  in b iochemis t ry ,  s tudy-  
ing o t h e r  tissues, shou ld  be  regarded in th i s  respect .  We 
observed  in t ra ined  an imal s  n e i g h b o u r i n g  cells one  t ype  
showing  increased  i nco rpo ra t i on ,  the  o t h e r  t y p e  wi th  
u n c h a n g e d  labelling. This  seems to  ind ica te  tha t  changes  in 
the  func t iona l  p roper t i e s  o f  single n e u r o n s  may be more  
l ikely t h a n  general  changes  in the  ex t race l lu la r  e n v i r o n m e n t  
of  this  small  par t  of  the  brain.  

The  presen t  resul ts  and  those  f rom prev ious  papers  
[1 7 ,20]  seem to  con f i rm  the  a s s u m p t i o n  t ha t  the  consol i -  
d a t i o n  o f  a m e m o r y  t race may  be  associa ted  w i th  the  
charac te r i s t i c  syn thes i s  of  RNA fo l lowed by f o r m a t i o n  o f  
p ro te ins  in very d is t inc t  neu rona l  popu la t ions .  This  increase  
in m a c r o m o l e c u l a r  syn thes i s  differs,  at least quan t i t a t ive ly ,  
f rom the  changes  occur r ing  in the  n e u r o n s  of  active 
con t ro l s  receiving an equal  n u m b e r  of  s t imul i  and  pe r fo rm-  
ing an ident ica l  n u m b e r  of  runs  in the  Y-chamber ,  bu t  
w i t h o u t  learning.  Therefore ,  it is bel ieved t h a t  the  increased 
i n c o r p o r a t i o n  is no t  necessari ly due  to the  stressful  condi-  
t ions  o f  the  e x p e r i m e n t a l  procedures .  On the  con t ra ry ,  it 
seems more  l ikely tha t  in the  course  of  learn ing  approach-  
ing the  cr i te r ion ,  the  in tens i ty  of  stress decreases as the  
n u m b e r  of  p u n i s h m e n t s  is reduced ,  thus  mas te r ing  the  
e n v i r o n m e n t a l  p rob lem.  If  any  effects  of  the  stressful  si tua- 
t ion  would b e c o m e  ev iden t  in t e rms  of  changes  in incorpor -  
a t ion ,  this  shou ld  occur  especial ly in the  active cont ro ls .  
But  even in these  cell types  exh ib i t i ng  a m a r k e d  increase  of  
i n c o r p o r a t i o n  in t ra ined  animals,  we found  only  small  
d i f ferences  b e t w e e n  act ive and passive cont ro l s .  F u r t h e r  
and  more  soph i s t i ca ted  inves t iga t ions  will be  requi red  to 
d e t e r m i n e  the  proper t i es  of  the  p ro te ins  syn thes ized  dur ing  
the  lea rn ing  expe r imen t .  
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