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GLUSHCHENKO, T. S., L. Z. PEVZNER AND V. A. KLENIKOVA. Autoradiographic comparison of neuronal and 
glial protein metabolism in rat hippocampus aJ?er Jbod-motivated or fi~otshock-motivated conditioning. PHARMAC. 
BIOCHEM. BEHAV. 11(5)593-594, 1979.--Quantitative autoradiography has shown that initial food-motivated condition- 
ing results in an increase in '~H-phenylalanine incorporation into cytoplasmic proteins of rat hippocampal neurons. After 3 
daily conditioning trials, the incorporation returned to an active control (pseudoconditioning) level while after 6 daily trials, 
the incorporation was decreased. No changes were revealed in the cells of hippocampal perineuronal glia. Four hours after 
a footshock-motivated passive avoidance trial, incorporation of aH-phenylalanine was increased both in the neurons and in 
their perineuronal glia of rat hippocampus. By the time of a consolidation of this conditioning, such increase still remained 
in the glia but disappeared in the neurons. Subsequently, no changes were found in the hippocampal neurons or in their 
perineuron',d glia. An importance of the emotional background is outlined for a participation of glial cells in learning- 
induced metabolic changes in the nervous system. 

Conditioning Motivation Proteins Neurons Gila Hippocampus 

H I P P O C A M P A L  neurons are part icularly sensit ive to a 
novel ty  factor of  initial training [4]. This  training can be 
e i ther  of  a posi t ive or  of  a negat ive emotional  character .  We 
have considered it interesting to compare  protein 
metabol ism in h ippocampai  neurons  after condit ioning based 
on an opposi te  charac te r  of  motivat ion.  Along with the 
neurons,  their  glial satellite cells were also analyzed because  
both the l i terature 141 and our  earl ier  observa t ions  [6] indi- 
cated an invo lvement  of  neurogliai metabol ism in a pattern of  
biochemical  changes in the nervous  system depending on 
particular condi t ions  of  the st imulation of  neurons.  

METHOD 

Food-mot iva ted  condit ioning was per formed in adult 
male Wistar rats in a Y-maze according to Lash ly ' s  scheme 
151. The animals rece ived  food re inforcement  for their  runs 
to a lighted arm 10-20 sec after  the light switched on. Left 
and right arms were al ternated randomly.  Initial trials lasted 
until l0 success ive  correct  runs and consis ted as a rule of  
about  120 combinat ions  of  the condi t ioned and uncon- 
dit ioned stimuli. Subsequent  trials, with the same criteria,  
were  repeated daily for 6 days.  A pseudocondi t ioning group 
of  rats was used as control ,  these animals gett ing the same 

amount  of  food and the same number  of  condi t ioned stimuli 
but the runs into e i ther  of  the maze-arms were reinforced.  
The  rats of  both groups were sacrified after the first, third 
and sixth daily trial. 

Foo t shock-mot iva ted  condit ioning consis ted in placing 
adult male Wistar rats into a large chamber  neighboring a 
small and dark one [1]. Within about  3 rain, all the animals 
entered the small compar tment  where  they were  st imulated 
for l min through the floor grid with 20 Hz f requency,  l mA 
intensity electric current.  Then the rats were  returned to a 
vivar ium where ,  as it was shown by Fedorov  et al. 12], a 
consol idat ion of  memory  proceeds:  on 6 hr-stay in the viv- 
arium all the animals when placed again into the large 
chamber  did not enter  the small one.  If the rats had been 
taken from the vivar ium earl ier  than 6 hr after the trial only 
some of  them entered  the small chamber  [2]. The animals 
were  sacrificed 4, 6, 9, and 24 hr after the trial, simulta- 
neously with the control  (pseudocondit ioning) group of  rats. 
The latter were placed by force into the small chamber  and 
received similar footshock.  

All the rats were sacrificed by rapid decapitat ion without 
anesthesia,  aH-2,3-DL-phenylalanine (Reanal,  Hungary) 
with a specific activity of  64 mCi/ml was injected 
intraperitoneally in a dose of  8-10 mCi/g 1 hr before the 
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FIG. 1. Changes in :~H-phenylalanine incorporation into rat CA:~ hip- 
pocampus neurons and perineuronal glia in the course of food- 
motivated conditioning. Ordinate shows percent deviation in Ag 
grain concentration (the number of the grains per area unit) in the 
rats submitted to conditioning as compared with the rats submitted 
to pseudoconditioning taken as 100%. Abscissa shows the number of 
daily conditioning trials. Solid line, the whole body of hippocampal 
neurons: dotted-broken line, nucleus of neurons; broken line, the 
whole body (in fact, nucleus) of perineuronal neuroglial cells. Verti- 
cal bars, standard error of the mean. Open circles, statistically sig- 
nificant (p<0.05) changes from the active control (pseudocondition- 

ing) level: black circles, non-significant changes. 
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sacrifice. The brain was quickly dissected,  fixed in a chilled 
Carnoy mixture and embedded  in p a r ' ~ n .  F ive /xm sections 
were coated with a liquid photographic emulsion and ex- 
posed for 40 days at 8°C. The deve loped  autoradiographs 
were  stained with hematoxylin.  The number  of  si lver grains 
per cell or per cell nucleus was determined by absorption 
method with the aid of  the double-beam shearing microspec-  
t rophotometer  MARSh.  Details of  the measurements  and 
calculations were described earl ier  131 

RESULTS AND DISCUSSION 

As seen from Fig. 1, concentra t ion of  the label in the 
whole bodies of  hippocampal  neurons increased after the 
initial learning trial of  the food-mot ivated condit ioning but 
returned to the control  (pseudocondit ioning) level after 3 
daily trials. After  6 such trials, a decrease  in the labelling of  
proteins was revealed both in the body and in the nuclei of  
the neurons.  No changes were observed  in the glial cells 
throughout the exper iment  (Fig. 1). 

A quite different pattern was found after footshock con- 
ditioning (Fig. 2). Four  hours after the learning trial, con- 
centrat ion of  the label was increased in the whole bodies of  
hippocampal  neurons as well as in perineuronal  neuroglia. 
By the moment  of  memory  consolidat ion,  this increase was 
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FIG. 2. Changes in :~H-phenyl',danine incorporation into rat CA:~ hip- 
pocampus neurons and perineuronal glia in the course of consolida- 
tion of one-trial footshock-motivated conditioning. Abscissa shows 
the time (hr) after footshock-motivated conditioning trial. All other 

designations are as those in Fig. 1. 

preserved only in the glial cells. Nine and 24 hr "after the trial, 
no differences from the pseudocondi t ioning level were  seen 
in all cases  (Fig. 2). 

Pohle and Matthies 171 used an autoradiographic ap- 
proach to compare  neuronal  and glial macromolecula r  
metabol ism in rat h ippocampus after footshock-mot iva ted  
discrimination learning. They found act ivat ion of  R N A  
biosynthesis  in hippocampal  neurons without any changes in 
the cells o f  neuroglia. We obtained a similar pattern,  as far 
as the protein metabol ism is concerned,  but in the case of  
food-motivated learning. Footshock-mot iva ted  learning in 
our  exper iments  was character ized,  on the contrary,  by a 
number  of  metabolic  changes in neuroglial cells, too. At pre- 
sent, it is only hypothetical ly that we think about  some fac- 
tors of  an acute stress in the learning which provide for in- 
vo lvement  of  glial macromolecular  metabol ism.  

In the present  paper  we did not descr ibe the determina- 
tions of  the label incorporat ion into the hippocampal  cells of  
quiet (passive control)  rats. All the changes revealed in the 
condit ioning group of  rats were compared  only with those in 
the pseudocondi t ioning (active control) group. In this way, 
we tried to eliminate nonspecific changes resulting from 
stress,  arousal,  etc. The specific changes,  i .e.,  the changes 
be tween condit ioning and pseudocondi t ioning animals,  were 
different in footshock-mot iva ted  and in food-mot ivated rats 
(cf., Fig. I and Fig. 2). Although the temporal  dynamics of  
these two condit ioning schemes  is rather  different,  the o ther  
important factor which seems to result in the metabolic  
difference revealed is an emotional  background of  each par- 
t icular kind of  learning. 
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