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The ability of ra ts  to change the direction of the avoidance response was determined in a 
Y-shaped maze.  During one experiment four t ra ining sessions were given, requiring the 
choice of a new direction (to the right or  left) each t ime.  The resul ts  obtained with four 
groups of animals were compared:  intact, with bi la tera l  and uni lateral  s t r ia tectomy,  and 
with bi lateral  destruction of the par ie tal  cortex.  Most intact rats  p re fe r red  to turn to the 
right. After  s t r ia tec tomy the cha rac te r  of preference  changed: The rats  began to run more  
regular ly  toward the side of severes t  damage to the s t r ia tum. Bilateral  s t r ia tec tomy also 
led to an increase in the number  of mistakes,  an increase  in the latent period, and d is tur -  
bance of the passive component of the avoidance response.  
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Injury to the corpus s tr iatum interferes  with the per formance  of behavioral  tasks involving choice of 
the co r r ec t  direction of the avoidance response or  press ing  on a re inforced lever  in a Skirmer's chamber .  
Defects of conditioned behavior of this type are  frequently taken as indicators of worsening of d i sc r imina-  
tion p rocesses  [2, 4, 7]. However, another factor  responsible may be that when solving a th ree -d imen-  
s ionalproblem after  s t r ia tec tomy animals more  often choose one par t icu lar  direction, for the corpus s t r i a -  
turn is known to part icipate in the formation of turning movements  [1, 5, 9]. 

To assess  the role of this factor  the effect of s t r ia tec tomy on repeated change of the direction of the 
avoidance response was studied in experiments  on ra ts .  

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

Experiments on 50 noninbred albino rats  of both sexes weighing 180-280 g were ca r r i ed  out in a Y- 
shaped maze,  the floor of which could be electr if ied.  The p rogram of each experiment consisted of four 
consecutive t raining sessions with ten tes ts  in each session.  Initially, in response to a conditioned acoustic 
stimulus, in o rde r  to avoid an e l e c t r i c  shock the animal had to run ten t imes  into the right compar tment  
of the maze.  The direction of the avoidance response was then changed to the left (the back walls of the 
compar tments  were painted different colors),  af ter  which two more  consecutive changes of direction of the 
avoidance response were made.  To detect a tendency of the animals to move in one par t icu lar  direction 
during avoidance responses  a conventional "index of preference"  was calculated. With allowance for the 
sign, the differences determined between the number of mis takes  (entering the wrong compar tment  of the 
maze) was determined in se r ies  requir ing running in the opposite direct ion (1 and 2, 3 and 4). The mean 
value of the difference was taken as the required index for each rat .  Also, to judge the degree of extinc-  
tion of the conditioned response,  the averaged differenoe ( irrespective of sign) was determined between the 
number  of mis takes  in each sess ion (1-2, 2-3, 3-4), the latent period of the responses ,  and the number of 
t imes  the animal came out of the cor rec t  compartment  of the maze during the 45 sec after  stimulation. 

After these indices had been determined the animals were divided into four groups: Group 1 was the 
control;  in the other three groups feel of e lectrolyt ic  destruction were formed unilateral ly or  bi lateral ly 
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Direct ional  p r e f e r ence  in intact ra t s  and ra t s  with bra in  damage: 
A) intact an imals ;  B) b i l a te ra l  s t ia tec tomy;  C) b i l a te ra l  injury to the p a r i -  
e ta l  cor tex;  D*) uni la te ra l  s t r i a t ec tomy .  Columns show degree of d i rec t ional  
p r e f e r ence  (in conventional  units),  plotted along the hor izontal  line above, 
allowing for  the di rect ion taken (R - right,  L - left) by each animal .  Un- 
shaded columns show resu l t s  of f i r s t  exper iment ,  shaded columns resu l t s  
obtained 1 week a f t e r  opera t ion (control de terminat ions  in the case  of  intact 
ra t s ) .  Numbers  nea r  columns show volume of focus of injury (in %) to the 
cor responding  (right o r  left) corpus  s t r i a tum.  

Fig. 2. Effect of s t r i a t e e t o m y  on some indices of the avoidance response:  
A) var ia t ion  in number  of m i s t akes  between sess ions ;  B) latent per iods  (in 
see);  C) number  of t imes  an imal  left compar tmen t  it p rev ious ly  occupied; 
1) intact  an imals ;  2) b i l a te ra l  s t r i a t ec tomy;  3) b i l a t e ra l  co r t i ca l  injury; 4) 
un i la te ra l  s t r i a t ec tomy .  Unshaded columns - before ,  shaded columns - a f t e r  
opera t ion (for intact ra t s ,  data of repea ted  de terminat ion  without bra in  de-  
s t ruct ion.  

-No Figure  1D h i s tog ram given in Russ ian  or iginal  - Consultants Bureau.  

in the b ra in  under  pentobarbi ta l  anes thes ia  (s i lver  e l ec t rodes  0.2 m m  thick, cu r ren t  1.5 mA pas sed  for  30- 
35 see) .  The ra t s  were  invest igated by the same  p r o g r a m  1 week a f t e r  the opera t ion.  The location of the 
injury was de te rmined  in frontal  b ra in  sect ions which were  compared  with the a t las  of Fifkova and Marsa la ,  
and the volume of the focus of des t ruct ion also was calculated.  

EXPERIMENTAL RESULTS 

The intact rats easily learned the avoidance response when taught for the first time and made only a 
few mistakes at the end of the session. Changing the direction through the maze at first led to an increase 
in the number of incorrect responses, but later as the response first acquired became extinguished, avoid- 
ance took place wRh steadily increasing accuracy. 

Although the mean number of mistakes was low, definite preference of some animals for an avoidance 
response in a certain direction was noted. Judging from the sign of the index of preference, most animals 
(80%of those examined for the first time) ran into the right compartment of the maze more accurately, 
sometimes with a high degree of preference (Fig. IA). Similar results with rats have been obtained by 
other workers [3, 6]. This fact cannot evidently be attributed entirely tothe experimental design (the animals 
were trained first to take the right turn). In 14%of cases the rats preferred to turn to the left, and in 6% 
they had no preference. 

The results of the second experiment showed that most animals still retained their initial preference 
1 week later, aRhough it varied in degree. In 20%of cases the index of preference was reversed (Fig. IA). 
This applied mainly to rats with a low initial level of directional preference. 
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Bi la te ra l  e lec t ro ly t ic  des t ruct ion of both caudato-putamen complexes  led to an inc rease  in the number  
of  m i s t akes  and to a change in the p r e f e r r e d  direct ion.  Af te r  the operat ion,  the an imals  found it m o r e  dif-  
ficult to r e l e a r n  f rom one sess ion  to the next. At the same  t ime,  they more  often (56%) p r e f e r r e d  to tu rn  
in the o ther  direct ion and, mos t  impor tant  of all, the amplitude of this r e v e r s a l  (to judge f rom the index 
of p re fe rence)  was cons iderable .  This  phenomenon probably  cannot be explained en t i re ly  by brain damage.  
Af ter  b i l a te ra l  des t ruct ion of the par ie ta l  cor tex,  for  instance,  although the ra t s  re jec ted  the di rect ion they 
had p r e f e r r e d  previous ly ,  the ampli tude of the shift was smal l  (Fig. 1B and C). 

One cause of the effect  of s t r i a t ec tomy  descr ibed  above is the c h a r a c t e r  of injury to the corpus  s t r i a -  
tum i tself .  Analysis  of the localizat ion and size of the focus of s t r i a t a l  des t ruct ion shows that,  despite the 
use  of a cur ren t  with the same p a r a m e t e r s  for  b ra in  destruct ion,  the size of the lesions could va ry  in dif-  
ferent  nuclei .  On the average  about 7%of the to ta l  volume of the s t ruc tu re  was dest royed.  Dif ferences  in 
the sca les  of injury were  some t imes  slight (0.1-0.3%), but some t imes  v e r y  cons iderable  (3-4.8%). However,  
although there  was no question of d i rec t  dependence on the degree  of the d i f ferences  (although this had a 
role to play), c l e a r  co r re la t ion  was found: The animals  always ran with g r e a t e r  regula r i ty  into the c o m -  
pa r tmen t  on the side of g r ea t e s t  damage to the corpus  s t r i a tum (Fig. 1B). Fo r  example ,  whereas  before  
s t r i a t ec tomy  the animals  p r e f e r ed  to turn  to the right,  a f t e r  m o r e  s eve re  dest ruct ion of the left nucleus 
this p re fe rence  became weaker ,  it d i sappeared  complete ly  (although initially it was well enough defined), 
o r  it was r e v e r s e d  so that  they went into the left  side more  accura te ly .  If  the right s t r i a tum was m o r e  
s eve re ly  injured,  the or iginal  p re fe rence  became more  m a r k e d  st i l l .  Dependence of the side of p re fe rence  
on the degree  of s t r i a t a l  injury was ve ry  c lea r ly  r evea led  in expe r imen t s  on animals  with uni la te ra l  s t r i a -  
t ec tomy.  Reve r s a l  of the direct ion of running was obse rved  regu la r ly  in these  animals ,  except  in one case  
(marked by an a s t e r i s k  in Fig. 1D). Morphological  invest igat ion showed a m a s s i v e  hemor rhage  in the c o r -  
pus s t r i a tum of this  animal,  which evidently i r r i t a t ed  the s t ruc tu re  but did not inactivate it. 

Bes ides  the dis turbance of di rect ional  p re fe rence ,  inactivation of the nucleus led to a worsening of 
the o ther  indices of  the avoidance response .  After  both un i la te ra l  and b i l a t e ra l  s t r i a t ec tomy,  extinction of 
the prev ious ly  es tab l i shed  response  was much m o r e  difficult.  The animals  found it m o r e  difficult to r e -  
learn ,  as a resu l t  of which the mean  value of the drop in the number  of m i s t akes  between sess ions  was 
g r e a t e r  in both groups of the expe r imen ta l  s e r i e s  than under  no rma l  conditions o r  a f t e r  des t ruc t ion  of the 
cor tex  (Fig. 2A). B i la te ra l  s t r i a t ec tomy  also was followed by a significant inc rease  in the latent  per iod of 
the conditioned response .  In the case  of injury of only one nucleus,  on the o ther  hand, the latent per iod was 
shortened,  probably  because  of the s h a r p e r  inc rease  in spontaneous locomotion.  Finally,  s eve re  s t r i a t a l  
deficiency led to a m a rked  inc rease  in the number  of t imes  the ra t s  left the compar tmen t  occupied p r e -  
viously (Fig. 2C), in good ag reemen t  with the important  role a sc r ibed  to the corpus  s t r i a tum in the p r o -  
c e s s e s  of pass ive  avoidance [8, 11]. 

The abili ty of r a t s  to choose the p rope r  direct ion of t he i r  m o t o r  response  and t o  modify it and p e r -  
fo rm it thus depends on integr i ty  of the co rpu s  s t r i a tum.  Most of the changes can be explained on the grounds 
that  the corpus  s t r i a tum plays a role  in the format ion  of the spat ia l  or ientat ion of animals  [10]. One out-  
ward manifes ta t ion  of this s ta tement  is the con t ra l a t e ra l  rotat ions of the head and t runk in response  to 
s t imulat ion of the caudate nucleus and ips i l a t e ra l  rotat ions a f t e r  blocking of that  nucleus [5]. In the study 
of spat ia l  t a sks  involving a l ternat ion o r  d i sc r imina t ion  in an imals  with s t r i a t a l  hypo- or  hyperact iv i ty ,  the 
functional c h a r a c t e r i s t i c s  dist inguishing this s t ruc tu re  mus t  be taken into account.  

le 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

L I T E R A T U R E  C I T E D  

t~. B. Arushanyan,  Usp .  Fiziol .  Nauk, 3, 113 (1972). 
5. D. Allen and C. S. Davison, Behav. Biol.,  8, 239 (1973). 
Z. Chaloupka and R. Rokyta, Activ.  Nerv .  Sup. (Prague),  15, 16 (1973). 
I. Divac, H. E. Rosvold, and M. K. Szwarcbar t ,  J .  Comp. Physiol .  Psychol . ,  63, 184 (1967). 
D. Fo rman  and J .  W. Ward,  J .  Neurophysiol . ,  20, 230 (1957). 
S. D. Glick, Neuropharmacology ,  12, 43 (1973). 
R. J .  Kirby,  Pe rcep t .  Motor  SkiUs, 29, 550 (1969). 
R. J .  Kirby and D. P. Kimble,  Exp. Neurol . ,  20, 215 (1968). 
A. M. Laur sen ,  Acta Physiol .  Scand., 5.~4, 175 (1962). 
M. Potegal,  J .  Comp. Physiol .  Psychol . ,  6..99, 756 (1969). 
G. Winocur and J .  A. Mills,  J .  Comp. Physiol .  Psychol . ,  6.8, 552 (1969). 

1274 


