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Exhaustion of the noradrenal in  (NA) r e s e r v e s  in the rat  brain caused by adminis t ra t ion of 
r e se rp ine  o r  dopamine-/~-oxidase blockers  (disulf iram, diethyldi thiocarbamate)  is accom-  
panied by a dec rease  in nuc lear  RNA synthesis  and d i s turbances  of emotional  and condit ioned- 
defensive behavior .  During the accumulat ion of c e r eb ra l  NA (following injection of iproni-  
azid o r  imipramine)  the rate  of synthesis  e f  nuc lear  RNA r i s e s .  Prevent ion of the exhaus t -  
ing effect  of r e se rp ine  by p re l imina ry  injection of iproniazid also prevents  the disturbance 
of nuc lear  RNA synthes is .  

KEY WORDS: noradrenal in ;  nuclear  RNA synthesis ;  rat  brain;  mechanisms  of m em o ry ;  
emotional  and condit ioned-defensive behavior .  

During an intensive study of the problem of the neurochemica l  mechanisms of specific brain functions, 
the ro le  of catecholamines  (CA) in the format ion of emotional  responses  [5, 18] and the ro le  of nucleic acids 
in p r o c e s s e s  of learning and m e m o r y  [6, 12, 14] have been act ively  studied and discussed.  The re  is no 
doubt that the mult icomponent  neurophysiological  s t ruc tu re  of complex forms of behavior  cor responds  to 
a re la t ive ly  complex neurochemica l  organizat ion,  including mechanisms  of re la t ions  between different  
bra in  sys t ems .  It was shown previous ly  that pharmacologica l ly  induced changes in CA metabol ism affect 
not only emotional  but also condit ioned-defensive behavior  and the p r o c e s s e s  of format ion and reca l l  of 
m e m o r y  t r a c e s  [2, 15-17]. 

The object  of this invest igat ion was to study the possible b iochemical  mechanisms  of these effects ,  
taking into account the data on connections between nucleic acids and CA that have accumulated in the l i t e r -  
a ture  [4, 19]. 

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

Exper iments  were  c a r r i e d  out on 172 male Wis tar  r a t s .  Most of the animals were aged 3-4 months 
and one group consis ted  of ra t s  aged 12-18 months.  As pharmacologica l  agents influencing different  as -  
pects  of CA metabol ism,  r e se rp ine  (0.5 mg/kg) and iproniazid (100 mg/kg) were injected subcutaneously 
and disulf i ram (100 mg/kg),  sodium diethyldi thiocarbamate (200 mg/kg),  and imipramine (12.5 m g /kg )were  
injected in t raper i tonea l ly .  The brain CA concentra t ion was de termined  by a t r ihydroxyindole  method [1, 
10] and the ra te  of RNA synthesis  f rom the incorporat ion of p32 (orthophosphate),  with isolat ion of cy to-  
p lasmic  (r ibosomal,  t r ans fe r )  RNAs and nuclear  RNA (n-RNA) [3]. Condit ioned-defensive behavior  was 
invest igated in a two-compar tmen t  cage as descr ibed  previous ly  [2]. The format ion  of a condi t ioned-de-  
fensive avoidance re f lex  (CDAR) and the reproduct ion  of a previously  wel l -consol idated ref lex  were  studied, 
using as the quantitative c r i t e r i on  an avoidance index (AI), namely the number  of t imes  the animal  ran  
away as a percentage  of the total  number  of presenta t ions  of the conditioned st imulus;  changes in emotional  
behavior ,  espec ia l ly  the onset of exper imenta l  depress ion,  were judged by means  of the genera l ly  accepted 
indices (spontaneous and evoked moto r  activity,  the animal ,s  posture ,  the p resence  of ptosis ,  d ia r rhea ,  etc.) .  
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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  

As Table  1 shows, 18 h a f t e r  the injection of r e s e r p i n e ,  which exhaus ts  the c e r e b r a l  r e s e r v e s  of 
no radrena l in  {NA), a m a r k e d  dec r ea s e  in the incorpora t ion  of p32 into bra in  n-RNA was observed ,  in the 
absence  of any significant  changes in the cy top lasmic  RNAs. The a n i m a l s '  behavior :  was c h a r a c t e r i z e d  
by  the development  of  a typ ica l  p ic ture  of  " r e se rp ine  depress ion"  and a sharp  dec rease  in CDAR p e r -  
fo rmance ,  which r eached  a m a x i m u m  a f t e r  18-24 h. Af te r  admin is t ra t ion  of d i su l f i ram and diethyldithio- 
c a r b a m a t e ,  inhibi tors  of d o p a m i n e - e - o x i d a s e ,  changes in behavior  developed e a r l i e r  than a f t e r  a d m i n i s t r a -  
t ion of r e se rp ine :  the m a x i m a l  inhibition of CDAR (AI =20%) was obse rved  as ea r l y  as 2 h a f t e r  injection 
of the inhibi tors .  In this  s ame  per iod a dec rea se  in the NA concentra t ion in the brain  was observed ,  a c -  
companied  by a dec rea se  in the ra te  of RNA synthes is ;  as in the expe r imen t s  with r e se rp ine ,  this  was 
mos t  m a r k e d  for  the bra in  n-RNA. 

The d i s tu rbances  of  emot iona l  and condi t ioned-defensive  behav ior  caused by the blocking of NA s t o r -  
age and synthes is  were  effect ively  p reven ted  by p r e l i m i n a r y  admin is t ra t ion  of the monoamine oxidase 
(MAO) inhibitor  iproniazid which, as the wr i t e r s  showed prev ious ly  [2], a lso s t imula tes  the fo rmat ion  of 
CDAR in an imals  with spontaneous o r  induced "inabil i ty" to learn .  At the height of the inhibitory action 
of lproniazid  - 18 h a f t e r  injection - t h e  accumula t ion  of c e r e b r a l  NA was accompanied  by an inc rease  in 
pS2 incorpora t ion  into b ra in  n-RNA in the absence  of any changes in the cy top lasmic  RNAs. This  coord ina-  
t ion of changes in the NA content and synthes is  of bra in  n-RNA was not found in an imals  of "p resen i l e "  
age (12-18 months),  in which, despite a m a r k e d  inc rease  in the bra in  NA concentrat ion,  the ra te  of n-RNA 
synthes is ,  like that of cy top lasmic  RNA synthes is ,  r ema ined  unchanged. A cons iderable  inc rease  in n-RNA 
synthes is  (by 30%; P<0.01)  was found when the r e v e r s e  p r o c e s s  of  neuronal  NA uptake was blocked (90 
min a f t e r  injection of imipramine) ,  i .e. ,  in the p re sence  of a se lec t ive  inc rease  in the synaptic functionally 
act ive fo rm of the med ia to r .  

These  invest igat ions thus revea led  a s im i l a r i t y  in the d i rec t ion of changes in the NA concentra t ion 
and the ra te  of n-RNA synthes is  in the brain .  The c h a r a c t e r  of the pha rmaco log ica l  p rocedures  used,  
being a imed at p r o c e s s e s  of CA me tabo l i sm,  suggests  that ahanges in the NA concentrat ion are  the fac tor  
that  de te rmines  the re la t ionship  thus es tab l i shed .  Since the concentra t ion  not only of NA, but also of dop- 
amine and serotonin,  is modif ied by r e se rp ine  and MAO inhibi tors ,  the r e su l t s  of invest igat ions in which 
a dec rea se  in n-RNA synthes is  was found a f t e r  admin is t ra t ion  of dopamine-P-ox idase  inhibitors,  i .e. ,  in 
the p r e s e n c e  of a d is turbance  of  NA synthes is  against  the background of dopamine accumulat ion and in the 
absence  of any apprec iab le  changes in the sero tonin  concentrat ion,  a re  evidently essen t ia l ly  impor tan t .  
The dependence of the changes in n-RNA synthes is  on the level  of no rad rene rg i c  but not of dopaminerg ic  
act ivi ty  also is s t r e s s e d  by the r e su l t s  of  expe r imen t s  in which an inc rease  in n-RNA synthesis  was ob-  
s e rved  following admin is t ra t ion  of  imip ramine ,  which blocks the r e a s s i m i l a t i o n  of synaptic  NA, but not 
a f t e r  admin is t ra t ion  of dopamine.  These  r e su l t s  a s sume  pa r t i cu l a r  s ignif icance in connection with the 
t heo ry  of  the synapt ic  action of neuro t rop ic  subs tances  [8], and they point to a poss ib le  med ia to r  regulat ion 
of the genet ic  appara tus  of the cel l  and to a role  of  NA-RNA re la t ionships  in the m e c h a n i s m s  of ad rene rg ic  
re  ception. 

A communica t ion  accord ing  to which DNA, when p rev ious ly  t r e a t e d  with NA, ac t iva tes  RNA-poly-  
m e r a s e  [19] is of  p a r t i c u l a r  i n t e re s t  when compared  with the r e su l t s  of  the p r e sen t  expe r imen t s  showing 
an inc rease  in n-RNA synthes is  during the accumula t ion  of  NA in the bra in .  The functional role  of  this  
l ink between changes in the NA concentra t ion and n-RNA synthes is  in the bra in  can be examined to begin 
with f rom the standpoint of  neu rochemica l  m e c h a n i s m s  of learn ing  and m e m o r y  p r o c e s s e s ,  consider ing 
that  in the f i r s t  hypotheses  assoc ia t ing  b iochemica l  a spec t s  of m e m o r y  with the function of the b r a innuc l e i c  
acids [13, 14] and in subsequent  conceptual  s chemes  of the neu rochemica l  mechan i sm of mnemic  functions 
[9, 12] a definite role  was a s c r i bed  to NA. The pa ra l l e l  between the c h a r a c t e r  of  the changes in CA m e -  
t abo l i sm and the p r o c e s s e s  of  fo rmat ion  and r eca l l  of  m e m o r y  t r a c e s  has been emphas ized  on s e v e r a l  oc~ 
casions  [2, 15-17]. The re la t ionship  d i scovered  in the p re sen t  expe r imen t s  between NA metabo l i sm and 
n-RNA synthes is  in the b ra in  is in a g r e e m e n t  with the postula ted  role  of  an emot ional  component  in the 
m e c h a n i s m s  of m e m o r y  and the supposed functional organiza t ion  of "emot ional  m e m o r y "  [6]. Intensive 
l ibera t ion  of NA taking place at a t ime  of emot iona l  s t r e s s  is evidently a f ac to r  that de t e rmines  the high 
ve loc i ty  of the p r o c e s s e s  of  consolidation and r eca l l  of  informat ion  - a c h a r a c t e r i s t i c  feature  of " emo-  
t ional  m e m o r y . , '  The connection between NA me tabo l i sm  and n-RNA synthes is  in the bra in  can also be 
looked at in the light of the informat ion theory  of emot ions  [11]. I f  the m e c h a n i s m  of informat ion  r eca l l  
i nco rpo ra t e s  an i nc rea se  in cen t ra l  n o r a d r e n e r g i c  act ivi ty,  should informat ion  be deficient  an intesnive 
l ibera t ion  of NA could take p lace ,  and this  in tu rn  could change the s ta te  of  the m e c h a n i s m s  control l ing 
emot iona l  behavior .  
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The link between changes in the NA concentrat ion and n-RNA synthes is  in the brain  may  thus be an 
e s sen t i a l  f ac to r  in the neurochemica l  organizat ion of complex fo rms  of behavior ,  emotions ,  and m e m o -  
ry,  e spec ia l ly  as a link between these  higher  functions of  cen t ra l  nervous  m e c h a n i s m s .  
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