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The effect  of ca techolamines  and sero tonin  and of some inhibitory or  exc i ta tory  amino acids,  
injected into the dorsomedia l  zones of the amygdala ,  on the la tent  per iod  of the conditioned 
avoidance ref lex  and on mo to r  act ivi ty and musc le  tone was inves t igated in expe r imen t s  on 
ra t s .  Dopamine, serotonin,  and a spa r t i c  acid signif icantly lengthened the la tent  per iod of the 
avoidance re f lex  and s t imulated the mo to r  act ivi ty of the ra t s .  The ef fec ts  of d o p a m i n e w e r e  
inhibited by haloperidol  but not by phentolamine,  ch lo rpromaz ine ,  o r  dese ry l .  The effects  of 
se ro ton in  were  p reven ted  by dihydroergotamine,  desery l ,  and ch lo rpromaz ine ,  but not by 
phentolamine,  morphine,  o r  haloperidol .  Meanwhile antagonis ts  of the biogenic amines  were  
inact ive against  the effects  of a spa r t i c  acid. The la tent  per iod  of the ref lex  was reduced by 
noradrena l in  but inc reased  by GABA in doses not changing the musc le  tone or  mo to r  ac t iv-  
ity of the ra t s .  The effect  of noradrena l in  was abolished by inject ion of phentolamine,  ch lor -  
p romaz ine ,  and d ihydroergotamine ,  but not of propranolol ,  into the amygdala .  Monoamine 
antagonis ts  were  ineffective agains t  inhibition of the conditioned avoidance ref lex by GABA. 
The resu l t s  a r e  in t e rp re ted  as evidence of the par t ic ipa t ion  of ~ - a d r e n e r g i c ,  D - s e r o t o n i n e r -  
gic, o r  dopamine-sens i t ive  s t r u c t u r e s  of the neurons  of the amygda la  in the obse rved  effects  
of the monoamines .  

The amygda la  plays  an impor tan t  role  in the in tegra t ion of defensive behaviora l  r e sponses .  E lec t r i -  
cal s t imulat ion of the amygdala  usual ly  induces emotional  r e sponses  of defensive type and an avoidance r e -  
flex [1, 7, 10] or  it  inhibits conditioned defensive r e sponses  in ra t s  and dogs [5, 10]. Destruct ion of the 
amygdala  i n t e r f e r e s  with the fo rmat ion  of the conditioned avoidance ref lex in ca ts  [4]. During the f o r m a -  
tion of a pass ive  defensive ref lex  in ra t s  inject ion of n o r a d r e n a l i n i n t o  the dorsomedia l  zone of the a m y g -  
dala reduced the effect  of nocicept ive s t imula t ion  [18] or  weakened the inhibitory act ion of punishment  on 
operant  behav io r  [19]. In o ther  expe r imen t s ,  however,  mic ro in jec t ion  of noradrena l in  into the amygdala,  
was accompanied  by a depr iming  effect  on the behaviora l  r e sponses  in ra t s  [14]. The neuropharmacolog ica l  
data a re  in good a g r e e m e n t  with the r e su l t s  of h i s tochemica l  invest igat ions during which axon endings of 
no rad rene rg ic ,  se ro toninerg ic ,  and dopaminergic  neurons ,  whose bodies l ie in the region of the nuclei raphe 
and in terpeduncular  nucleus,  were  found in the amygdala  [13]. However,  the role  of the dopaminergic  and 
se ro ton inerg ic  s t r u c t u r e s  of the amygdala  in the regulat ion of condi t ioned-ref lex  act ivi ty  has not been  in- 
vest igated.  It was shown recent ly  [11] that  implantat ion of sero tonin  into the amygdala  i n t e r f e re s  w i th l ea rn -  
ing p r o c e s s e s  in ra t s ,  s ignif icantly d e p r e s s e s  the reproduct ion  of the condi t ioned-defensive avoidance r e -  
flex, and leads  to i ts  m o r e  rapid  extinction. 

In the invest igat ion descr ibed  below the neurochemica l  m e c h a n i s m s  fo rming  the conditioned avoidance 
ref lex and mo to r  act ivi ty  of ra t s  at the level  of the amygdala  were  studied. 
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Fig. 1. Scheme of f rontal  sec t ionthrough 
ra t  b ra in  at level  of amygdala :  ac) cen-  
t r a l  nucleus; am) medial  nucleus; aco) 
cor t ica l  nucleus; abm) media l  basa l  nu- 
cleus;  abl) l a t e r a l  basa l  nucleus; alp) 
p o s t e r o - l a t e r a l  nucleus.  Black c i r c l e s  
r e p r e s e n t  points of mic ro in jec t ion  of 
amino acids,  biogenic amines ,  and the i r  
antagonis ts .  Pho tomicrograph  of f rontal  
sect ion of the s a m e  zone shown ~n top 
right hand co rne r .  Tip of mic ro in j ec to r  
needle can be seen  in the medial  amyg-  
daloid nucleus.  

EXPERIMENTAL METHOD 

In experiments on 22 male rats weighing 250-360 g 
the conditioned avoidance reflex was formed as described 
previously [9]. When the reflex reached a stable level, the 
rats were anesthetized with ether and, using an atlas of the 
rat brain [15], a guiding calmula was inserted (by means of 
the SEZh-2 stereotaxic apparatus) into the dorsomedial re- 
gion of the right amygdala, through which the microinjec- 
t ions of the solutions of the tes t  drugs were  injected. Ef- 
fects  of the monoamines  on the conditioned avoidance ref lex 
and a lso  the ef fec ts  of amino acids  producing exci ta t ion 
(aspar t ic  acid) or  inhibition (GABA) of unit act ivi ty [3, 16], 
were  judged f r o m  the length of the la tent  per iod of the r e -  
flex and on changes in the la tent  per iod m e a s u r e d  30 and 60 
rain a f t e r  injection of the drugs into the amygdala ,  To ana-  
lyze  the r ecep to r  s t r uc tu r e s  respons ib le  for  the effects  of 
the ca techolamines ,  a - a d r e n e r g i c  blocking agents - ch lor -  
p romazine ,  phentolamine,  d ihydroergotamine  - and the f l -  
adrenolyt ic  drug propranolol  were  injected into the amyg-  
dala 15 rain before  the ca techolamines .  Desery l  (1-methyl-  
D- lyse rg ic  acid butanolamide;  INL-491),  ch lorpromazine ,  
d ihydroergotamine,  and haloperidol  were  used as  effect ive 
antagonis ts  of sero tonin  and dopamine.  The biogenie amines  
and the i r  antagonis ts  (2-5 pg  of the base) and the neu t ra l i zed  
amino acids (10 /~g) were  injected in a volume of 2-3 #/, 
using a miero in jee t ion  sys t em.  To examine  the se lec t iv i ty  

of action of the amines  and amino acids on the conditioned avoidance react ion,  the i r  m u s c l e - r e l a x i n g  act ion 
and the i r  abil i ty to modify the spontaneous mo to r  act ivi ty of the ra t s  were  invest igated s imul taneous ly  by a 
method descr ibed  e a r l i e r  [9]. Animals  of the control  group rece ived  injections of 3 #l bidis t i l led water .  
At the end of the expe r imen t s  the locat ion of the tip of the injection cap i l l a ry  tube was ver i f ied morphologi -  
cal ly (Fig. 1). In seven  r a t s  the t es t  drugs were  injected into the s t r u c t u r e s  of the cent ra l  amygdaloid nu- 
cleus and in 15 r a t s  into the medial  amygdaloid nucleus. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Local micro in jec t ion  of serotonin,  dopamine, o r  a spa r t i c  acid caused significant lengthening of the 
latent  per iod of the conditioned avoidance ref lex and at the s ame  t ime  s t imula ted  the m o t o r  act ivi ty of the 
ra t s .  Noradrenal in,  in a dose of 5 pg, a lso  lengthened the latent  per iod of the ref lex  but this could be the 
resu l t  of inhibition of the an ima l s '  mo to r  act ivi ty (Table 1). Inject ion of 2 pg  noradrena l in  did not affect  
the spontaneous mo to r  act ivi ty  of the ra t s  and faci l i ta ted the conditioned avoidance reflex,  as ref lec ted  in 
m a r k e d  shortening of i ts  la tent  period.  Microinject ion of GABA (10 /~g) into the s t r u c t u r e s  of the amygdala  
l ikewise caused no change in the an imals '  mo to r  act ivi ty  but it inhibited the conditioned avoidance ref lex 
without significantly lengthening its latent  period.  

Changes in the conditioned avoidance ref lex and mo to r  act ivi ty of the r a t s  under  the influence of the 
biogenic amines  and amino acids  were  due to the i r  act ion on neurons  of the amygdala ,  for  specia l  expe r i -  
ments  showed that  a dye (1.5% methylene blue solution) did not sp read  beyond the boundar ies  of the amygdala  
f r o m  6 to 30 rain a f t e r  microin jec t ion .  

The fac i l i ta tory  effect  of noradrena l in  could be due to act ivat ion of the neocor tex,  which r ece ives  di- 
r ec t  e f ferent  impulses  f r o m  neurons of the amygdala  [17]; this  effect  can a lso  be t r ansmi t t ed  through the 
dorsomedia l  tha lamic  nucleus.  The p re sence  of di rect  pathways between the amygdala  and the dorsomedia l  
nucleus [20] and the ascending, mainly activating,  c h a r a c t e r  of the effects  of this a s soc ia t ive  nucleus of the 
tha lamus  on single neurons  of the orbi tofrontal  cor tex  [6] conf i rm this conclusion. The effects  of serotonin  
and a spa r t i c  acid on the conditioned avoidance ref lex  can be sa t i s fac tor i ly  explained if the p r e sence  of di- 
rec t  ana tomica l  connections between neurons of the amygdala  and the i n t r a l amina r  nuclei of the tha lamus  
[20], with an inhibi tory effect  on the neocor tex  [8], is r e m e m b e r e d .  On the o ther  hand, mo to r  act ivi ty  is 
evidently s t imulated through the par t ic ipa t ion  of the hypo tha lamo-re t i cu lo -sp ina l  t r ac t s .  This point of view 
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TABLE 1. Effect of Monoamines, Their  Antagonists, andAmino Acids 
Injected into the Amygdala on Conditioned Avoidance Reflex, Motor 
Activity, and Muscle Tone of Rats (n= 5) 

Substance injected 

Bidistilled water 
Noradrenalin 

Dopamine 

Serotonin 

Aspar tic acid 
GABA 
Phentolamine 
Chlorpromazine 
Progranolol 
Haloperidol 
Deseryl 
Dihygroergotamine 
Morphine 

D ose 
Olg) 

*P--< 0.05. 
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Fig. 2. Effect of monoamine antagonists injected into the 
amygdala  on changes in latent period of conditioned avoid- 
ance reflex and motor  activity induced by serotonin (AS, nor -  
adrenal in (B), dopamine (C), aspar t ic  acid (D}, and GABA 
(E). Latent period of conditioned avoidance reflex 30 min 
(unshaded columns} and 60 rain (shaded columns} af ter  m ic ro -  
injection of: 15 bidistilled water;  25 biogenic amines andami -  
no acids; 3 and 45 biogenic amines and amino acids af ter  
phentolamine and chlorpromazine;  5) biogenic amines and 
amino acids af ter  haloperidol (2%, C, D, E) or  propranolol  
(BS; 6) biogenic amines and amino acids af ter  deseryl  (A, B 
D, E} or  dihydroergotamine (B}; 7 and 8} serotonin  af ter  di- 
hydroergotamine and morphine.  Values of M *m shown. 

is supported by morphological  evidence of efferent  connections of the amygdala with hypothalamus [20]. 
Electrophysiol0gical  investigations have demonstrated that, in principle,  spinal reflex activity can be s t imu-  
lated by e lect r ical  excitation of the hypothalamus [ 12]. 

Facil i tat ion of the conditioned avoidance reflex by injection of noradrenal in  into the amygdala is as -  
sociated with the effect of the amine on a - a d r e n e r g i e  s t ruc tures  of this format ion of the limbic system, 
for  the effect of noradrenal in  was  substantially facilitated by phentolamine, chlorpromazine,  and dihydro- 
ergotamine,  but not by propranolol .  This conclusion is confirmed by experimental  resul ts  in which weak- 
ening of the inhibitory action of punishment on the operant behavior  of the rats  caused by application of 
noradrenal in  to the amygdala was much less  marked if p re l iminary  t rea tment  was given wi tha-adreno ly t ics ,  
but not with f l -adrenolyt ics  [19]. The effect of serotonin on s t ruc tures  of the amygdala is mediated through 
D-serotonin receptors ,  for inhibition of the conditioned avoidance reflex and stimulation of motor  activity 
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were  p reven ted  by p r e l i m i n a r y  injection of desery l ,  d ihydroergotamine,  and ch lo rpromaz ine ,  but not of phen-  
to lamine ,  m o r p h i n e  or  haloperidol,  into the amygdala .  At the same  t ime  the effect  of serotonin was spe-  
cific,  for  ne i ther  desery l  nor  ch lo rp romaz ine  had any effect  on the behaviora l  changes induced by m i c r o -  
inject ion of a spa r t i c  acid into the amygdala  (Fig. 2). 

The resu l t s  of this neuropharmaeolog ica l  ana lys is  of the effects  of dopamine show that inhibition of 
the conditioned avoidance ref lex and s t imulat ion of the mo to r  act ivi ty of the r a t s  were  mediated through 
r e c e p t o r s  of dorsomedia l  amygdaloid  neurons sensi t ive  to haloperidol  only. Chlorpromazine ,  phentolamine,  
and dese ry l  did not p revent  the effects  of dopamine. Meanwhile t he  inhibition of the conditioned avoidance 
ref lex and s t imulat ion of m o t o r  act ivi ty induced by dopamine were  specif ic ,  for  deseryl ,  which inhibits the 
analogous effect  of serotonin,  did not change the dopamine effecL while haloperidol  had no act ion on the s im-  
i l a r  effects  of a spa r t i c  acid. Since dopamine is an inhibitory med ia to r  inducing hyperpola r iza t ion  of CNS 
neurons  [2], the r e sponse  to i ts  act ion on neurons  of the amygdala  is p re sumab ly  the r e su l t  of a deficiency 
of inhibition, leading to exci ta t ion of the fac i l i ta tory  zones of the hypothalamus and to s t imulat ion of the 
moto r  act ivi ty  of the ra t s  [12], and a lso  of the i n t r a l amina r  nuclei of the tha lamus  o r  s t r u c t u r e s  of the len-  
t icu lar  nucleus through which the amygdala  achieves  its ascending ef ferent  influences [20] that lower  the 
excitabil i ty of the cor t ica l  neurons  [8] and in te r fe re  with reproduct ion  of the condi t ioned-re l fex  act.  GABA 
acts  on the conditioned avoidance ref lex  s imi l a r ly  to dopamine and serotonin.  However,  inhibition of the 
ref lex produced by it is explained by its action, not on ~ - a d r e n e r g i e ,  D-se ro ton inerg ic ,  or  dopaminergic  
s t r uc tu r e s  but, evidently, on o ther  pa r t s  of the neuron m e m b r a n e  in the dorsomedia l  amygdala  (Fig. 2). 
This is conf i rmed  by exper imenta l  resu l t s  showing that  the c h a r a c t e r  of the inhibi tory effect  of GABA on 
CNS neurons and on condi t ioned-ref lex  act ivi ty is nonspecif ic [3]. 
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