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Changes in the nucleic  acid content were  s tudied during defensive conditioning to e l e c t r i c  
shocks.  In WAG ra t s  a r e f l ex  was fo rmed  on average  af ter  42.7 p resen ta t ions  of combined 
e l e c t r i c a l  and photic s t imula t ion ,  compared  with 14.09 combinat ions  in August r a t s .  Cytophoto~ 
m e t r i c  de te rmina t ion  of the nucleic  acid content in the neurons and pe r ;neurona l  gl ia  of the 
cor tex  r evea l ed  an i n c r e a s e  in RNA only in August r a t s .  It is suggested that  the i nc reased  
RNA synthes i s  in the an imals  of this  s t r a in  may be the m a t e r i a l  bas i s  of the i r  g r e a t e r  abi l i ty  
to l ea rn .  
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The RNA content of neurons has been shown to depend on the i r  spec i f ic  ac t iv i ty  [1, 2]. This sugges ts  
that  de t e rmina t ion  of the nucle ic  acid content in nerve  t i s sue  cel ls  can be used to study the b iochemica l  c o r -  
r e l a t e s  of behavior .  Inbred an imals  a re  convenient objec ts  with which to inves t iga te  the b iochemica l  bas is  of 
behav io r .  The work  of Bovet et al.  [5] and Cohen [7] has shown that  behaviora l  c h a r a c t e r i s t i c s  such as spon-  
taneous motor  act ivi ty ,  s ens i t i v i ty  to acous t ic  s t imula t ion ,  abi l i ty  to lea rn ,  and so on, may  be gene t ica l ly  de -  
t e rmined .  It has been shown, for example ,  that  mice  of s t r a in s  CBA, C3H, and C57 have a much lower l e a r n -  
ing abi l i ty  index than DBA and SEC mice ,  and these  d i f fe rences  i nc rea se  with an i n c r e a s e  in the degree  of in-  
b reed ing  of the s t r a in  [6]. 

The object  of this  invest igat ion was to study the DNA and RNA contents in the brain cel ls  of inbred r a t s  
with gene t ica l ly  de t e rmined  d i f fe rences  in behavior .  

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

Noninbred and inbred r a t s  of s t r a in s  WAG/GSto and August /LacSto  weighing 140-160 g were  used.  Ten 
noninbred and 12 of each s t r a in  of inbred animals  were  used for the defensive condit ioning expe r imen t s .  The 
nucle ic  acid content was de te rmined  in six expe r imen ta l  r a t s  and six control  an imals  of each s t r a in .  De fen -  
s ive  condit ioning to e l e c t r i c  shock was produced in a T maze  with an e lec t r i f i ed  f loor .  The animals  were  
p laced on the s t a r t i ng  a r e a  of the main  compar tmen t  of the maze  and the r ight  and left  a r m s  were  s imu l t a -  
neous ly i l l umina t ed .  Af ter  5 sec  a cu r r en t  of about 30 V was applied to the f loor,  which the animal  could e s -  
cape f rom only by running into the i l luminated  pas sage .  The re f l ex  was produced in 2 days .  During the f i r s t  
day combinat ions  of e l e c t r i c a l  and photic s t imula t ion  were  p re sen ted  20 t imes ,  and during the second day they 
were  r epea ted  until  the c r i t e r i on  of conditioned re f lex  format ion  was at tained (five c o r r e c t  runs out of six).  
The control  an imals  r ece ived  the same  number  of e l e c t r i c  shocks and f lashes ,  but not in combinat ion.  The ani-  
ma l s  were  decapi ta ted  30 rain af ter  the end of the exper imen t .  

The bra in  was r emoved  and f rozen  with liquid n i t rogen (the bra ins  of the expe r imen ta l  and control  an i -  
ma l s  were  mounted in the same  block). F rozen  sec t ions  were  cut to a th ickness  of 20: # and s ta ined with g a l l o '  
cyanin and chrome alum for the h i s t ochemica l  detect ion of to ta l  RNA and DNA and of DNA s e p a r a t e l y  af ter  p r e -  
l i m i n a r y  t r e a t m e n t  of the sec t ions  with r ibonue lease .  The RNA content was de t e rmined  as the d i f ference  be-  

L a b o r a t o r i e s  of Genera l  Pathophysiology and Exper imen ta l  Pathology and Pathomorphology of the Brain,  
Ins t i tu te  of Pysch ia t ry ,  Academy of Medical  Sciences of the USSR, Moscow. (Presen ted  by Academic ian  of the 
Academy of Medical  Sciences  of the USSR A. V. Snezhnevskii .)  T rans la t ed  from Byulleten '  t~ksper imenta l 'no i  
Biologii  i Medi ts iny,  Vol. 83, No. 6, pp. 749-751, June, 1977. Or ig ina l  a r t i c l e  submit ted  November  4, 1976. 

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part ] 
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,| 
microfilming, recording or otherwise without written permission of the publisher. A copy of this article is available from the publisher for $7.50. 1 

893 



TABLE 1. Nucleic Acid Content in Ce reb ra l  Cortex of Control  Inbred August and WAG Rats  and of  Same Rats  
Conditioned in a T Maze 

Group of 
animals 

RNA+DNA 
DNA 
RNA - 

0,395~ 0,04 
0,168 
0,227 

AugustlLacSto 

neurons glia ] 
nucleus !,cytoplasm (nucleus) 

Control 

0,202• t 0'436+0'050'2260"210 

neuropil 

0,029-----0.01 
0 
0,029 

WAG/(3Sto 

neurons I gli a 1 neuropi 1 
nucleus I cytoplasm (nucleus) 

0,410+-0,05 
0,170 
0.240 

0,214-+-0,04 
0 
0,214 

0,387-- 0.1 
0,211 
0,166 

0,030+--- 0,01 
0 

0.030 

RNA+ DNA t 0'447+--0'05 
DNA 0,158 
RNA 0.289 

p (RNA+ DNA) t <0,001 
i 

0 . 2 2 0  + - -  0.05 
0 

0,220 

0,001 

Experimental 

0,451--0,05 
0,206 
0,245 

0,001 

0,045+---0,01 
0 

0,045 

0,001 

0,418-0,06 
0.167 
0,251 

0,1 

0,216---0,020,2160 I 0,390---0,080,1810,209 

0,I I 0,1 

0,037---0,01 
0 

0,037 

0,1 

tween the to ta l  nucleic acids and DNA. Nucleic acids were  de te rmined  quanti tat ively by d i rec t  cy tophotometry  
on the M P M ' 0 . 5  ey tospec t ropho tomete r  (Opton, West  Germany) ,  with a 40• ocular ,  a wavelength of 545 nm, 
and a probe  d i a m e t e r  of  0.5 p in the plane of the sect ion.  The content of  RNA and DNA was e x p r e s s e d  in con-  
ventional  units .  Thei r  content was e s t ima ted  in the nuclei and cy toplasm of the neurons ,  the nuclei of the p e r i -  
neuronal  glia,  and also in the neuropi l  of the f ronta l  cor tex .  

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

Conditioning took place f a s t e r  in August r a t s  (on ave rage  af ter  14.09 combinations)  than in WAG ra t s  
(42.7 combinat ions) ;  noninbred r a t s  occupied an in te rmedia te  posi t ion (24.2 combinat ions) .  

The r e su l t s  of de te rmina t ion  of the nucleic acid content in the inbred animals  a re  given in Table 1. They 
show that  the control  r a t s  of the two s t ra ins  were  indist inguishable as r e g a r d s  the DNA content in the neurons  
of the glia of the i r  brain.  After conditioning the DNA content in these  s t r u c t u r e s  r emained  unchanged. Con- 
t ro l  August and WAG ra t s  l ikewise were  indist inguishable f rom one another  in the i r  RNA contents (the sma l l  
d i f fe rences  for  individual cor t i ca l  s t r u c t u r e s  were  not s ta t i s t i ca l ly  significant).  However ,  af ter  defensive con-  
ditioning these  d i f fe rences  appeared  r e l a t ive ly  c l ea r ly  because  of a change in RNA content in all  s t r uc tu r e s  of 
the August r a t s  studied. 

Inc reased  functional act iv i ty  of the nervous  s y s t e m  is accompanied  by an inc rease  in theRNA contents in 
the brain cel ls  in the case  of r e l a t ive ly  weak and shor t  s t imulat ion [4, 8, 9]. After intensive function of the 
ne rve  cel ls  the i r  RNA content falls and this coincides with the development  of fatigue and exhaustion of the 
nervous  s y s t e m  [3, 4]. Exper iments  o n s p i n a l m o t o n e u r o n s  of r a t s  also have shown that  the inc rease  in RNA 
content is connected with exc i t a to ry  synapt ic  activation of the neurons ,  whereas  the dec r ea se  in the RNA con-  
tent  is connected with inhibitory synapt ic  influences on the neuron.  Marx  [10] and Cohen [7] postulated on the 
basis  of McAfee 's  obse rva t ions  [11] that  in this case  the neu romed ia to r s  act indirect ly  on the genetic ap p a ra -  
tus of  the cell  and, consequently,  on RNA and prote in  synthes is  in the pos tsynapt ic  neuron.  The s t imulat ion 
used in the p re sen t  invest igat ion did not exceed n o r m a l  physiologica l  loads e i ther  in s t rength or  in durat ion.  
I t  can the re fo re  tenta t ively  be suggested that  the i nc rea se  in the RNA content in functioning neurons  takes  place 
p r i m a r i l y  through the act ivat ion of neuronal  RNA synthes is  i tself .  This hypothesis  is conf i rmed by the g r e a t e r  
inc rease  in the RNA content in the nuclei of the neurons .  Cha rac t e r i s t i ca l l y  these  changes were  m o r e  marked  
in August r a t s ,  in which defensive conditioning took place much m o r e  rapidly .  Probably  neuron function in the 
an imals  of this s t r a in  takes  place with a shift  of exc i t a to ry - inh ib i to ry  equi l ibr ium toward excitat ion,  and the 
assoc ia ted  intensified RNA synthes is  is the m a t e r i a l  bas is  for  the bet ter  abil i ty of the August r a t s  to learn .  In 
WAG ra t s ,  by con t ras t  with August r a t s ,  no signif icant  changes were  obse rved  in the RNA contents,  p robably  
because  of the lower  intensi ty of thei r  exc i ta to ry  postsynapt ic  p r o c e s s e s .  

The obse rved  inc rease  in the RNA content in the neuropi l  and nuclei of  the gl ial  cel ls  of the exper imenta l  
an imals  probably  re f l ec t s  the initial  s tage of neurogl ia l  in te r re la t ions  for subsequent  compensat ion of the RNA 
content in the neuron.  
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ELECTRON-MICROSCOPIC AUTORADIOGRAPHY OF RNA 

SYNTHESIS IN THE INJURED MYOCARDIUM 
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and A. K. Badikova 
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A burn of the wall of the left ventr ic le  was produced in newborn rats .  Synthesis of RNA in the 
muscle  cells of the hear t  at a distance f rom the site of the burn was investigated by e lec t ron-  
mic roscop ic  autoradiography 24 h after injury. The t issue was fixed 2 and 6 h after injection 
of uridine-3H. The density of distribution of s i lver  grains above the nucleus and ey~coplasm of 
the eardiomyocytes  was lower in the experimental  animaIs than in the controIs.  
KEY WORDS: burn of myocard ium;  RNA synthesis;  e l ec t ron-mic roscop ic  autoradiography. 

The ability of the hear t  to regenera te  at the cellular level is very  limited [2]. The main method of s t ruc -  
tura l  compensation of the myoeardium after loss of par t  of it is by hyperplasia  of the u l t ras t ruc tures  in the 
res idual  muscle  cells [4]. This method of repa i r  is known as intracel lular  regenerat ion.  The view is held 
that in the ear ly  period of ontogeny, while natural  mitotic division of the hear t  muscle  ceils is still  taking 
place, the myocard ium can replace a lost a rea  by the intensification of this division [3, 7]. Experiments have 
shown [1] that an increase  in mitotic activity of the muscle cells in newborn rats after injury does not continue 
throughout the period of healing of the heart .  One year  later  elongated sca rs  were found in all the rats  at the 
site of injury. It must  accordingly be concluded that in newborn animals in the period of mitotic division of 
the muscle  cells,  s t ruc tura l  replacement  takes place on a basis of intraeel lular  regenerat ion.  The experi-  
ments descr ibed below were car r ied  out to study this mechanism.  

EXPERIMENTAL METHOD 

A measured  burn of the hear t  was produced in newborn ra ts  by applying the hot end of a broken needle 
for 1 sec to the wall of the left ventrieIe.  The animals were given an injection of uridine-5-3H in a dose of 2 
mCi 24 h af ter  injury andwere  killed 2 and 6 h af ter  injection of the isotope. Newborn rats  of the same litter, re-  
ceiving the isotope alone and killed simultaneously with the experimental  animals, served as the control.  
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