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Changes in the noradrena l in  concentrat ion in noradrenerg ic  t e rmina l s  were  studied by a 
f luo rescence -h i s tochemiea l  method in p a r s  vent ra l i s  nuclei in te rs t i t i a l i s  s t r i ae  t e rmina l i s ,  
nucleus sept i  l a t e ra l i s ,  and nucleus preopt icus  media l i s  in r a t s  dur ing pass ive~vo idance  
conditioning. In p r e l i m i na r i l y  t ra ined animals  the s imple  reproduct ion of the condi-  
t ioned- re f l ex  r e sponse  (without e l ec t r i ca l  s t imulat ion of the skin) led to a dec rea se  in 
the noradrena l in  concentra t ion  in all  s t r u c t u r e s  studied. The r e su l t s  indicate a role  
in the noradrenerg ic  s y s t e m  o f  the b ra in  in the reproduct ion  of the pass ive-avoidance  
conditioned ref lex .  
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Biochemical  and pharmacolog ica l  invest igat ions have demons t ra ted  the rote  of n~  b ra in  
s t ruc tu re s  in the reproduct ion of conditioned ref lexes  [8, 10, 13, 141. However ,  to p rove  the role  of pa r t i c -  
u lar  neurons in the function of m e m o r y  t r a c e r e c a l l ,  h i s tochemica l  methods mus t  be used to detect  nora -  
drenal in  in the b ra in  s t ruc tu res .  The w r i t e r s  a r e  aware  of only one invest igat ion in which a luminescence-  
h i s tochemica l  method was used to show that v i r tual ly  all noradrenerg ic  t e rmina l s  of the b ra in  a re  act ivated 
during reproduct ion of a conditiondd~active-avoidance response  [6]. However,  the conditions of that expe r i -  
ment  did not rule out the poss ibi l i ty  of an effect  of nonspecific loading and muscu l a r  work,  which themse lves  
could lead to a dec rea se  in the noradrenal in  concentrat ion in the b ra in  [7]. The substance  used in that in- 
ves t igat ion to b lock ca techolamine synthesis  ( ~ - m e t h y l - p - t y r o s i n e ) c o n s i d e r a b l y  lowers  the level  of r e p r o -  
duction of condi t ioned-ref lex  r e sponses .  The authors  cited l ikewise did not e s t ima te  the noradrenal in  con- 
tent in the b ra in  s t ruc tu re s  quanti tat ively.  

In the p r e s en t  invest igat ion quantitative changes in the noradrenal in  concentra t ion were  studied in the 
noradrene rg ic  t e rmina l s  of nucleus septi l a te ra l i s  (n.s.1.), p a r  vent ra l i s  nuclei in te rs t i t i a l i s  s t r i ae  t e rmin -  
al is  (n.i .s . t .) ,  and nucleus preopt icus  media l i s  (n.p.m.) during reproduct ion of a conditioned p a s s i v e - a v o i d -  
ance  ref lex  a f t e r  blocking noradrenal in  synthesis  with the substance d i su l f i ram,  which i t se l f  does not affect  
the level  of reproduct ion of defensive r e sponses  [12-14]. Disu l f i ram was used because  when noradrenal in  
synthesis  is blocked the abolit ion of p resynapt ic  influences is r e ta rded ,  whereas  inc reased  unit act ivi ty ac-  
ce l e ra t e s  the exhaust ion of r e s e r v e s  of the med ia to r  in noradrenerg ic  t e rmina l s  [1-3, 5]. 

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

Male Wis t a r  ra t s  weighing 200-250 g were  put through one t ra ining s~ssion in the appara tus  of J a rv ik  
and Kopp [9] by  the method of Mil ler  and Spr inger  [11]. The animals  rece ived  an in t raper i tonea l  injection 
of d i su l f i ram in a dose of 200 m g / k g  body weight in a solution of ~ -me thy lce l l u lo se  5-6 h a f t e r  the end of 
the t ra ining p rocedure .  Tes t ing  was c a r r i e d  out 12 h a f t e r  the injection of d i su l f i r am and continued for  5 
rain. The animals  were  then decapi tated.  The requi red  a r e a s  of the b ra in  were  exc ised  and t rea ted  by the 
method of Falck  and Owman [4]. Noradrena l in  was de te rmined  quanti tat ively in his tological  sect ions by 
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Fig~ 1. Changes in n o r a d r e n -  
alin concentra t ion  in ra t  b ra in  
nuclei dur ing reproduct ion  of 
conditioned pas s ive -avo idance  
ref lex.  Ordinate,  no rad rena -  
lin' concentra t ion (in %): I) 
change in noradrena l in  con- 
een t ra t ion  in t e rmina l s  of 
n. i .s . t . ;  II) change in n o r -  
adrena l in  concent ra t ion  in 
t e r m i n a l s  of n.s.1.; HI) change 
in noradrena l in  concentra t ion  
in t e r m i n a l s  of n.p.m.;  a) con-  
trol ;  b) exper iment .  

f luo romet ry .  The intensi ty of f luorescence  of the noradrenerg ic  t e r -  
mina l s  in the nuclei  studied in the eont ro l  an ima l s  12 h a f t e r  injection of 
200 m g / k g  d i su l f i r am was taken as 100%. The signif icance of d i f fer -  
ences  in the mean  values was a s s e s s e d  by Student 's  c r i t e r ion .  

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

The l a rges t  number  of no radrene rg ic  t e rmina l s  and max imal  
f luorescence  in both the control  and the exper imen ta l  s e r i e s  were  
found in n . i . s . t .  

In the t ra ined an imals  reproduct ion  of the conditioned p a s s i v e -  
avoidance re f lex  alone (without e l ec t r i ca l  s t imulat ion of the skin) led 
to a dec r ea se  (P < 0o01) in the noradrena l in  c~ncentrat ion in all s t ruc -  
tu res  tes ted (Fig. 1). This d e c r e a s e  in n.s.1, and n . i . s . t ,  amounted to 
33%, but in n .p .m,  it was 59%. 

About 30% of all  the t ra ined an imals  did not reproduce  the condi- 
tioned pas s ive -avo idance  ref lex  on test ing.  In these an imals  the change 
in .no rad rena l in  concentra t ion in n.s.1, and n .p .m,  was much less  
marked ,  and in n.i~ there  was in genera l  no dif ference fron the con- 
t rol .  

Animals  which were  kept in the chambe r  init ially for  576 h be -  
fore  the injection o f d i s u l f i r a m a n d f o r  12 h t h e r e a f t e r  were  used as an 
additional control .  No significant d i f ference in the noradrena l in  con- 
cent ra t ion  compared  with no rma l  concentra t ions  was observed  in these 
ra t s  (not receiving e l e c t r i c - s h o c k  re in forcement ) .  

To ve r i fy  whether  the d e c r e a s e  in noradrena l in  concentra t ion was the r e su l t  of the d i rec t  action of 
e l ec t r i ca l  s t imulat ign , a specia l  s e r i e s  of expe r imen t s  was c a r r i e d  out. Tra in ing  and injection of d i su l f i ram 
followed the pa t t e rn  desc r ibed  above.  The animals  were  ki l led with no additional tes t ing 17 h a f t e r  t raining.  
In these expe r imen t s  also,  no significant change in the noradrena l in  concentrat ion compared  with the control  
l ikewise was found. 

Quanti tat ive es t imat ion  of the noradrena l in  concentra t ion thus indicates a role of the noradrenerg ic  
b ra in  s y s t e m  in the reproduct ion of a conditioned pass ive-avoidance  ref lex.  The resu l t s  also revea l  the p a r -  
t icipation of ce r t a in  b ra in  nuclei in these p r o c e s s e s .  
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