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Microinjection of noradrenalin into the head of the caudate nucleus in rats did not affect the 

latent period of avoidance conditioning or muscle tone but inhibited motor activity, reduced 
the number of taps, and significantly increased the amplitude and latent period of the con- 
ditioned food-getting reflex. Local mieroinjection of serotonin into the neostriatum did not 
affect the latent period of the conditioned avoidarice reflex and did not change the motor ac- 
tivity but it reduced the latent period and the number of taps in the conditioned food-getting 
response and increased its amplitude significantly. Dopamine inhibited the conditioned food 
and avoidance reflexes but significantly activated the spontaneous motor activity of the rats. 
The results are evidence of differences in the neurochemical mechanisms of conditioned re- 
flexes to stimuli of different modalities closed at the caudate nucleus level in rats. 
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The part icipat ion of the caudate nuclei in the integration of food and avoidance ref lexes is now r e -  
garded as f i rmly  establ ished [2, 3, 6]. The neurochemical  mechanisms of the neos t r ia tum responsible  for 
condit ioned-ref lex behavioral  responses  have not, however,  been fully explained. Despite the high sens i -  
t ivity of single neurons of the caudate nucleus to microapplicat ion of catecholamines [12] and despite the 
d iscovery  of large quantities of dopamine (DA), noradrenal in  (NA), and serotonin (5-HT) in the basal ganglia 
[13-15], there  is still no information in the l i t e ra ture  on the ro le  of the monoamines of the corpus s t r ia tum 
in the mechanisms of c losure  of the t empora ry  connection and their  effect on positive and negative condi- 
tioned ref lexes.  The suggestion has been made that excitation or inhibition of adrenergic  s t ruc tures  of the 
neos t r ia tum can substantial ly modify the p r o g r a m  of behavior  and modulate the quantitative charac te r i s t i cs  
of conditioned ref lexes  [7]. 

The object of the presen t  investigation was to study the functional role  of NA, DA, and 5-HT, injected 
into the head of the caudate nucleus in r a t s ,  in conditioning to stimuli of different biological  modality. 

EXPERIMENTAL METHOD 

Experiments  were  ca r r i ed  out on two groups of sexually mature male ra ts .  Higher nervous activity 
in group 1 was investigated by the motor- food method [4] in a viniplast chamber  with a feeding bowl sepa-  
ra ted  f rom the body of the cage by a plastic door. The conditioned stimulus (a buzzer) ,  10 see in duration 
(acting alone for  5 sec) was presented five t imes every  day at intervals of 60 sec.  Unconditioned re in force -  
ment consis ted of balls of moist meat and bone meal  with the addition of bread. Throughout the period of 
the investigation the ra ts  were  kept on a s t r i c t  diet. Every  day between 2 and 3 p.m. the animals rece ived  
dry food (bread). Thir ty minutes la ter  the dry  food was taken away and only liquid was left (milk), To r e -  
cord  the motor-food conditioned ref lexes (FCR) to the conditioned st imulus quantitatively (at the time when 
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the rat opened the door and took the food balls) a recording s y s -  
tem s imilar  in principle to that used for investigations of this 
type [5] was used but with a modified electronic circuit  incor- 
porating deeatrons,  by means of which three parameters  of the 
motor conditioned ref lexes could be recorded: the latent period 
of the ref lex (the time from applying the buzzer  to the tap of 
the door), the amplitude of the r e f l e x  (the aggregated angle of 
opening of the door in response  to the conditioned stimulus) , and 
the number of taps (the number of movements  of the animals 
aimed at opening the door). 

In the animals of group" 2 a conditioned-avoidance r e -  
sponse (CAR) was produced by the method described earl ier  
[8]. After consolidation of the FCR and CAR, the animals were  
anesthetized with ether, and with reference  to the atlas of the 
rat brain [10] a guide cannula was inserted by means of the 
S]~Zh-2 stereotaxic  apparatus into the dorsal part of the head 
of the right caudate nucleus,  through which solutions of the test  
substances in a volume of 3-5 #1 could be injected by means of 
a microinjector.  The effect of the monoamines on the FCR was 
est imated from the parameters  recorded as described above, 
by as ses s ing  their changes 30 min after injection of the cate-  
cholamines and serotonin into the caudate nucleus. The nu- 
merical  results  reflecting changes in the parameters  of FCR 
were analyzed by the difference method by subtracting from 
the averaged experimental values obtained during a conditioning 
cycle the corresponding averaged control values recorded in 
response  to microinjection of bidistflled water (5 #1) into the 
corpus striatum. As suitable criteria for assess ing  the s e l ec -  
tive action of NA, DA~ and 5-HT on the CAR by the method de- 
scribed above [8], changes in the latent period of the ref lex,  the 
muscle tone, and spontaneous motor activity (SMA) of the rats 
caused by local microinjection of the monoamines into the neo-  
striatum were  studied. The region of the microinjection was 
identified by examining serial  histological  sections through the 
rat brain. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Microinjection of NA into the head of the caudate nucleus 

(3 pg) was not followed by changes in the latent period of FCR 
or CAR, but the number of taps was reduced and the SMA of the 

rats was significantly restricted. NA in a dose of 5 pg had a 

similar effect on these parameters of both behavioral _ re- 

sponses, but it significantly increased the latent period of the 

motor-food reflex only (Table i). When the res ults are com- 

pared it must be remembered  that the depriming effect of NA 
onthe latent period and the number of taps of the FCR was un- 
connected with inhibition of the SMA of the rats.  This was 
shown by the fact that microinjection of this catecholamine (3 
and 5 pg) into the neostriatum did not change the muscle  tone 
of the animals and it increased the amplitude of the motor-food 
reflex by a statist ically significant degree (Table 1), a param- 
eter regardable as an indicator of motivational excitation [9] 
for it ref lects  the total effort of the animal made in response  to 
the conditioned stimulus.  The experimental results  are ev i -  
dence of the functional inequality of the neurochemtcal mech- 
anisms of the caudate nucleus producing the two types of con- 
ditioned-re'flex responses .  Participation of NA is evidently not 
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essen t ia l  for  the product ion of the r e f l ex  to a biological ly  negat ive s t imulus ,  but tl~is amine has an inhibi tory 
effect  on exci ta t ion of a biological ly posi t ive  modal i ty  resu l t ing  in the fo rmat ion  of the FCR at the level  of 
the corpus  s t r i a tum.  

Local  micro in jec t ion  of DA (5 #g) into the s t r u c t u r e s  of the caudate nucleus more  than doubled the 
la tent  per iod  of CAR and led to a cons iderable  i nc rea se  in the la tent  per iod of the FCR. Meanwhile,  this  
ca techolamine  apprec iab ly  reduced  the number  of taps of the food-get t ing ref lex,  but it s ignif icantly s t imu-  
la ted the Sl~Uk of the r a t s  (Table 1). The depr iming  effect  of DA on FCR could be due to a diminution of food 
motivat ion,  for micro in jee t ion  of this ca techolamine  into the neos t r i a tum causes  a significant  dec r ea se  in 
the ampli tude of the re f lex .  Meanwhile,  analysis  of the data indicates the se lec t iv i ty  of action of DA on the 
net t rochemical  mechan i sms  fo rming  t e m p o r a r y  connections between the t r i g g e r  s t imulus  and the acquired 
motor-food or avoidance r e sponse .  This is conf i rmed  by the s t imulant  effect  o f  DA on the SMA of the r a t s  
(Table 1) and by a specia l  s e r i e s  of expe r imen t s  which showed that the dec rea se  in the number  of taps  and 
the action of DA in inc reas ing  the latent  per iod of both FCR and CAR were  s ignif icant ly  reduced  by p r e l i m -  
[nary micro in jec t ion  of haloperidol  (3 pg),  but not of phentolamine (3 ~g), into the caudate nucleus.  How- 
eve r ,  only phentolamine (but not haloperidol)  abolished the depr iming effect  of NA on the number  of taps and 
on the la tent  per iod  of the FCR. These  facts  sugges t  that a f ferent  exci tat ion,  var ied  in its biological  mo-  
dality,  is c losed through the dopaminerg ic  neuronal  s y s t e m s  of the caudate nucleus,  with the par t ic ipa t ion  
of which DA exe r t s  its inhibi tory effect  on both moto r - food  and condi t ioned-avoidance re f l exes .  E l e c t ro -  
physiologica l  expe r imen t s  demons t ra t ing  the hyperpo la r i z ing  e f f ec t  of mic rophore t i ca l ly  applied DA on 
single neurons  of the caudate nucleus [12] and expe r imen t s  demons t ra t ing  the inhibi tory effect  of DA on the 
condi t ioned-ref lex  act ivi ty  of cats  [16] con f i rm  this conclusion.  

Unlike NA and DA, 5-HT (5 pg) fac i l i ta tes  FCR, as is manifes ted  by substant ia l  shor tening of the l a -  
tent pe r iod  of the ref lex .  Meanwhile,  this  amine did not affect  the la tent  per iod  of the CAR and did not change 
the SMA of the r a t s ,  although it s ignif icant ly  reduced  the number  of taps and, at the s ame  t ime,  inc reased  
the ampli tude of FCR. In a dose of 10 pg, 5-HT had a depr iming  effect  on all the p a r a m e t e r s  of the FCR 
signal cycle  r e c o r d e d  and it inhibited CAR. However ,  the inhibi tory effect  of 5 -HT on the higher nervous  
act ivi ty  of the r a t s  was nonspecif ic  and was evidently due to inhibition of the segmenta l  appara tus ,  for  it 
c o r r e l a t e d  with the m u s c l e - r e l a x a n t  action and the marked  l imi ta t ion of SMA of the r a t s  (Table 1). 

The exper imen ta l  r e s u l t s  desc r ibed  above show that,  l ike no rad rene rg i c  mechan i sms ,  the se ro ton in -  
e rg ie  m e c h a n i s m s  of the n e o s t r i a t u m  par t i c ipa te  in the fo rmat ion  of food, but not of condi t ioned-avoidance,  
r e f l exes .  This conclusion is in a g r e e m e n t  with expe r imen t s  in which a high concentra t ion of 5-HT was found 
in the t i s sues  of the n e o s t r i a t u m  [15] and in which the synthes is  and more  rap id  l ibera t ion  of this amine 
f r o m  the synapses  of the r a t  caudate nucleus were  found to occur  in r e sponse  to e l ec t r i ca l  s t imulat ion of 
the corpus  s t r i a t u m  or  to injection of amphe tamine  [11]. 

To sum up the expe r imen ta l  r e s u l t s  it can be concluded that  subcor t i ca l  influences,  specif ic  in the i r  
biological  modal i ty ,  on the c e r e b r a l  cor tex  [1] a re  effected with the par t ic ipa t ion  of var ious  neurochemica l  
mechan i sms  that give r i s e  to condit ioned-avoidance and motor - food  re f l exes  at the level  of the caudate nu- 
cleus in r a t s .  
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