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Microinject ion of dopamine and serotonin  into the dorsomedia l  zones of the ra t  amygdala  
led to an increase  in the latent per iod of conditioned defensive and m o t o r - f o o d  re f lexes ,  
spontaneous mo to r  act ivi ty,  and the number  of pushing movemen t s  and the magnitude of 
the food-grasp ing  ref lex.  Noradrena l in  had no effect  on the p a r a m e t e r s  of the conditioned 
food re f lex  but faci l i ta ted the conditioned avoidance ref lex,  reducing its latent per iod  con-  
s iderab ly .  The r e su l t s  a re  evidence of the specif ic i ty  of the neurochemica l  m e c h a n i s m  r e -  
sponsible for  re f l exes  of var ied  biological  modal i ty  at the amygda la r  level  in ra t s .  
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There  a re  no expe r imen ta l  data on the neurochemica l  m e c h a n i s m s  of act ivi ty of the amygdala  a s h  
s t ruc tu re  respons ib le  for  the conditioned food and defensive behavior  of an imals  [4, 8, 12] although the 
p r e sence  of adrenerg ic ,  dopaminergic ,  and sero toninerg ie  axons has been demons t ra ted  h is tochemiea l ly  
in it [13] and neurons  sensi t ive  to ca teeho lamines  and serotonin have been d i scovered  [2, 11]. However ,  
some s imi l a r i t y  can be a s s um ed  between the neuroehemica l  m e c h a n i s m s  of posi t ive and negative conditioned 
re f lexes  in the amygdala ,  as is shown by the convergence  of exci ta t ion of different biological  modal i t ies  on 
the same amygda la r  neurons [2] and dis turbance of the condi t ioned-ref lex  interchange of conditioned r e -  
f lexes of different  types  in r a t s  a f t e r  des t ruc t ion  of the amygdala  [7]. 

The object  of this invest igat ion was to study the functional role of noradrena l in  (NA), dopamine (DA), 
and sero tonin  (5-HT), when injected into the dorsomedia l  zones of the ra t  amygdala ,  in condi t ioned-ref lex  
r e sponses  of va r i ed  biological  modal i ty .  

EXPERIMENTAL METHOD 

Exper iments  were  c a r r i e d  out on two groups of sexual ly ma tu re  male  ra t s .  M o t o r - f o o d  conditioned 
re f lexes  were  inves t igated [5] in the an imals  (13) of group 1. The conditioned s t imulus  (a 1000 Hz buzzer) ,  
10 sec in durat ion (acting alone for  5 sec),  was applied 5 t imes  daily at in terva ls  of  60 see .  The uncon-  
ditioned re in fo rcemen t  cons is ted  of pe l le ts  of powdered mea t  and bone with the addition of bread,  which the 
an imals  obtained by opening a door.  The m o t o r - f o o d  conditioned re f lexes  (FCR) were  quantified by an ap-  
pa ra tus  which t r a n s m i t t e d  the opening and shutting of the door  to the axis  of a po ten t iomete r  [6]. Three  
indices of the FCR were  recorded:  latent  per iod (the t ime  f rom sounding the buzze r  to a push on the door), 
magnitude (the total  angle of devia t ion  of the door in r e sponse  to the conditioned s t imulus) ,  and the number  
of pushing movemen t s  (the number  of  movemen t s  made by the an imal  in an a t tempt  to open the door) .  In 
the an imals  (22) of group 2 a conditioned avoidance ref lex  (CAR) was produced by the method descr ibed  
prev ious ly  [10]. Af ter  s tabi l izat ion of the FCR and CAR, the an imals  were  anes thet ized with e the r  and a 
guiding cannula was inse r t ed  into the dorsomedia l  region of the r ight  amygdala ,  using an a t las  of the ra t  
b ra in  [3], by means  of which solutions of the t e s t  subs tances  could be injected in a volume of 2-5 ~ 1 f rom 
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TABLE 1. Effect of Monoamines,  Injected into the Rat Amygdala ,  
on CAR, Muscle Tone, Motor Activity,  and FCR (M+m) 

'~ ~ period of 
CAR after 

~. ~ 30 rain 
o (in sec) r~ 

Motor 
activity 

Con~oI 
DA 
NA 
5-HT 

0 ,94- -+0 ,05  5 1 - + 3 , 1 6  
ff 1 , 2 1 - + 0 , 0 8  0 4 - + 7 , 9 5  

2 , 5 1 - + 0 , 1 6 "  75-+4,  19 ~ 
2 0 , 6 9 - + 0 , 0 3 "  l 5 3 _ + 3 , ! 6  

2 , 2 4 ~ 0 , 1 3 "  3 3 + 2 , 4 9 *  
1 , 2 - + 0 , 0 6  6 3 , 2 ~ 5 , 5 4  

12,38-+0,17"173,4-+4,2" 

l ~ . ~  Changdiniadicesof FCRJ" after 30 rain 

Y ~ ~ I latent period I ~'~ E~ magnitude -~ ~ .~ o of reflex [ number 
~ =  (insec) / of reflex of pushes 

--(0,09-+0,011) ]-~(12,9~2 8) --(0,3~0,195 
--(0,09~0,018), -~(21,1~3 0) -~(0,3_+0,073)* 

0 -~-(0,24~0,031) [-~-(42,6~:0,59 * -~(1,5-+0,24)* 
--(0,1-+0,025) -~(14,7~3,47) I --(0,3~0,07) 

0 I -~(0,28~0,043)* I --(20,4• (1 5+0 '~88 * 
--(0 09+0 017) I-]-(21 7+4 071 -~-(0,6~0,157 * 

0 I ,~(0',22~0',032)* I +(46',8~6:57i* [ -F(1,4~0,27)* 

* Differences  f rom control  s ta t i s t ica l ly  significant (P < 0.05). 
t + a n d -  r e p r e s e n t  inc rease  and dec rease  r e spec t ive ly  in indices of 
FCR recorded .  

a mic ro in j ee to r .  The effect  of the monoamines  was es t imated  30 rain a f t e r  the i r  injection. Bidist i l led 
wa te r  (5 #l) was  injected into the amygda la  of the control  r a t s .  At the end of the expe r imen t s  the bra in  
was  r emoved  and examined his tological ly .  

EXPERIMENTAL RESULTS AND DISCUSSION 

Microinjeet ion of 2 #g NA into the amygdala  had different effects  on the posi t ive and negative con-  
ditioned re f lexes  in the r a t s .  In this dose, NA did not a l t e r  the musc le  tone or  the spontaneous m o t o r  ac -  
t ivi ty (SMA) of the exper imen ta l  an imals ,  but faci l i tated CAR, shortening the latent per iod of the ref lex.  
Meanwhile, NA had no significant effect  on the latent  per iod,  number  of pushes,  and magnitude of the FCR 
(Table 1). In a dose of 5 ~g, NA inc reased  the latent per iod of CAR and inhibited FCR, as shown by a marked  
dec r ea se  in the number  of  pushes and in the magnitude of the food-gett ing ref lex.  The depr iming ef fec ts  of 
NA on conditioned re f lexes  of va r i ed  biological  modal i ty  a re  not specif ic  but a re  evidently brought about 
through the inhibition of the m o t o r  r e sponses  of the expe r imen ta l  an imals .  In a dose of 5 ~g, NA in fact 
inhibited the SMA of the ra t s .  

The  resu l t s  indicate d i f ferences  in the neurochemica l  mechan i sm of the dorsomedia l  amgydala  r e -  
sponsible for  conditioned re f lexes  of d i f f e r e ~  types .  The par t ic ipat ion of NA is evidently not important  
in the mechan i sm of re f lexes  to biologically posi t ive s t imul i .  At the same  t ime,  this amine faci l i ta tes  
exci tat ion of a biological ly negative modali ty,  producing a CAR at the level  of the dorsomedia l  zones of the 
amygdala .  This  conclusion is supported by data showing that adrenerg ic  s y s t e m s  of the amygdala  pa r t i c i -  
pate in the act ivat ion of the t r i g g e r  mechan i sm of aggress ive  behavior  [1] and the modulating effect  of  NA 
on the t r a n s m i s s i o n  of exci tat ion in the ra t  amygdala  f rom a s y s t e m  of "negative" r e in fo rcement  [21. 

Microinject ion of DA and 5-HT (2 ~g) into the amygdala  did not a l t e r  SMA of the ra ts ,  musc le  tone, 
o r  the latent  per iod of CAR. In this dose, these  amines  l ikewise did not affect  the magnitude or  latent per iod 
of the FCR, but  they inc reased  the number  of  pushes .  As a resu l t  of injection of 5 ~g DA and 5-HT the 
latent  per iod of CAR was lengthened apprec iably  and the latent per iod  of FCR was inc reased .  Unlike NA, 
the depr iming  effect  of these  amines  on conditioned re f l exes  of different  types  in  r a t s  is specif ic ,  for  SMA 
of the an imals  inc reased  c l ea r ly  a f t e r  micro in jec t ion  of 5 ~g DA and 5-HT (Table 1). It might  be supposed 
that  the inc rease  in the latent per iod of FCR produced by DA and 5-HT was connected with inhibition of 
food motivat ion.  However ,  this is contradic ted  by the fact  that micro in jec t ion  of the amines  into the a m y g -  
dala produced a s ignif icant  inc rease  in the number  of pushes and in the magnitude of the conditioned food- 
getting ref lex.  Both p a r a m e t e r s  re f lec t  an overa l l  inc rease  in t h e  s t rength  and number  of the an imaPs  
movements  to the conditioned s t imulus  and, consequently,  they can be r ega rded  as indices of mot iva ted  
exci tat ion of the an imal  [9]. The r e su l t s  desc r ibed  suggest  that  a f ferent  excitat ion,  ref lect ing i n f o r m a t i o n  
of different  biological  impor tance ,  is t r ansmi t t ed  through dopaminergic  and sero toninergic  neuronal  s y s -  
t e m s  of the amygdala ,  which par t ic ipa te  in the modulat ing effect  of the b ioamines  on conditioned defensive 
and food-get t ing re f l exes  in r a t s .  The ab i l i t yo f5 -HT ,  when injected into the amygdala ,  to inhibit the p e r -  
formance  of condi t ioned-ref lex r e sponses  [12j, supports  this  conclusion.  
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