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NEILL, D. B., W. O. BOGGAN AND S. P. GROSSMAN. Impairment of avoidance performance by intrastriatal administra- 
tion of 6-hydroxydopamine. PHARMAC. BIOCHEM. BEHAV. 2(1) 97-103 ,  1974. - Bilateral administrations of 
crystalline 6-hydroxydopamine to the ventral anterior striatum of rats reliably impaired the performance of avoidance 
responses. The 6-OHDA treatments depleted the forebrain of dopamine but did not reliably alter forebrain levels of 
norepinephrine. A significant correlation was found between the extent of the depletion of forebrain dopamine and the 
magnitude of the avoidance deficit. These results support the hypothesis that dopaminergic components of the striatum 
may be involved in avoidance behavior. 
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S E V E R A L  inves t iga tors  have r epo r t ed  t h a t  lesions in the  
corpus  s t r i a t u m  of  rats  impa i r  the  acqu i s i t ion  of  b o t h  one-  
way [10 ,11]  and  two-way  ( s h u t t l e b o x )  [7 ,13]  avo idance  
responses.  Neill and  Grossman  [13]  have r epo r t ed  t ha t  
les ions in the  vent ra l  po r t i on  of  the  an t e r i o r  s t r i a t u m  of  rats  
impa i r ed  s h u t t l e b o x  avoidance  learning,  whereas  the  local 
a d m i n i s t r a t i o n  of  the  an t icho l inerg ic  agent  s copo lamine  to 
the  same si te  faci l i ta ted the  acquis i t ion  of  the  same behav-  
ior. This  pa t t e rn  o f  effects  suggested t ha t  the  vent ra l  
s t r i a t um of  the  rat  might  con ta in  e i the r  f ibers  of  passage or 
non-cho l ine rg ic  synapses  which  are des t royed  by a les ion 
bu t  are no t  a f fec ted  by  a drug t ha t  may  pre fe ren t ia l ly  in ter -  
fere wi th  chol inergic  mechan i sms .  The  first  of these  
i n t e r p r e t a t i o n s  is s u p p o r t e d  by  Runne ls  and  T h o m p s o n  
[ 17 ] ,  who  have suggested t h a t  the  effects  of  s t r ia tal  damage  
on  avo idance  behav io r  may  be due to the  d i s rup t ion  of  a 
descend ing  f iber  sys tem which  or iginates  in  the  f ron ta l  
cor tex .  Tha t  non-cho l ine rg ic  m e c h a n i s m s  in the  s t r i a t u m  
may  p lay  a role in avo idance  behav io r  is suggested by  the  
results  of  e x p e [ i m e n t s  [12]  which  have d e m o n s t r a t e d  t ha t  
ven t ra l  s t r ia tal  lesions impa i r  the  p e r f o r m a n c e  of  pre- 
opera t ive ly  t ra ined  avoidance  responses  more  ef fec t ive ly  
t h a n  c o m p a r a b l y  sized lesions in the  dorsal  s t r i a t u m  and  
t ha t  the  vent ra l  lesions also dep le te  grea ter  quan t i t i e s  of 
fo rebra in  d o p a m i n e  t han  dorsal  lesions.  

The fo l lowing  e x p e r i m e n t  was designed to  f u r t h e r  
invest igate  these a l ternat ives .  Recen t  e x p e r i m e n t s  [5,9]  

have suggested t ha t  6 - h y d r o x y d o p a m i n e  ( 6 - O H D A )  may  
select ively damage cent ra l  c a t echo lamine rg i c  nerve termi-  
nals. Admin i s t e r ed  in t r aven t r i cu la r ly ,  6 - O H D A  deple tes  
d o p a m i n e  and  n o r e p i n e p h r i n e  f r o m  the  bra in  bu t  spares 
s e r o t o n i n  and  ace ty l cho l ine  [9 ] .  Ungers ted t  [19]  has 
r ecen t ly  r epor t ed  t ha t  mic ro in j ec t ions  of  this  c o m p o u n d  
a long the  n igros t r ia ta l  dopamine rg ic  pa th  deple te  d o p a m i n e  
f rom the  s t r i a tum w i t h o u t  p roduc ing  s ignif icant  non-  
specif ic  damage.  This suggests t ha t  the  local admin i s t r a t i on  
of  6 - O H D A  may  selectively des t roy  the  ca t echo lamine rg ic  
c o m p o n e n t s  of  the s t r i a tum while spar ing non-ca t echo la -  
minergic  cells and  fibers of  passage. Such a p repa ra t ion  
pe rmi t s  a d i rec t  tes t  of  the  a l te rna t ive  h y p o t h e s e s  discussed 
above.  

METHOD 

Animals 

T w e n t y  male a lb ino  rats,  ob t a ined  f rom H o l t z m a n  
(Madison,  Wisc.), were used. All weighed 350 380 g at 
surgery.  They were singly housed  in a c o n t i n u o u s l y  l ighted  
co lony  wi th  food  and  wa te r  available ad lib. 

A ppara tus 

Two ident ica l  shu t t l eboxes ,  each measur ing  55 × 22 × 
32 cm, were used. Each box  was cons t ruc t ed  of Plexiglas 
wi th  a f loor  of  4 m m  dia. s tainless steel rods,  placed 1 cm 
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apart.  The CS was supplied by a 7 W bulb placed in a recess 
in the center  of  the top  cover of  each side. Constant-current  
shock was obtained f rom a high voltage source [2] and was 
pulsed (0.3 sec on/0.3  sec off). Movement  of  the rat f rom 
one side to the o ther  was de tec ted  by photocel ls  located 
7 cm on each side of  the center  of  the box. Each crossing 
was recorded by a high speed t imer/pr inter .  Each box  was 
housed in a sound-a t tenuat ing  chamber  with an exhaust  
fan. 

Procedure 

Training. The animals were trained before  surgery as fol- 
lows: Sixty-three seconds after  the animal was placed into  
the shut t lebox,  an overhead light (CS) which i l luminated 
only the half  of  the apparatus in which the animal happen- 
ed to be was turned on. If the rat ran into  the dark half  of  
the apparatus within 5 sec after  the CS onset,  an avoidance 
response was recorded.  If the animal remained in the il lumi- 
nated half  of  the apparatus longer  than 5 sec, the current  
(0.1 ma, RMS) was applied to the grid f loor  in the 
i l luminated half  of  the apparatus.  The CS and US were 
te rmina ted  as soon as the animal had broken an infrared 
light b e a m  7 cm inside the dark half of  the apparatus. 
Sixty-three sec separated the onset  of  successive CS presen- 
tations. During the intertrial  interval (ITI) the animal could 
cross be tween  the two sides of  the apparatus wi thout  being 
shocked.  Twenty  such trials were given each day unti l  each 
animal made at least 12 avoidances in 20 trials on each of  
three successive days. After  this cri terion was at tained,  the 
animals underwent  surgery. 

Surgery. The animals were placed in a s tereotaxic  appa- 
ratus under  Nembuta l  anesthesia (50 mg/kg),  supplemented  
with a t ropine methyl  ni trate  (10 mg/kg) to reduce respira- 
t o r y  problems. Double-walled stainless steel cannulas 
(outer:  23G; inner: 30G) were implanted  bilaterally in 15 
animals such that  the tips of  the cannulas te rminated  in the 
str iatum. The upper  por t ion  of  these cannulas was cement-  
ed to the skull. The tips of  the cannulas were aimed at AP --- 
8.6, L = 2.7, H = 1.5 using the Pellegrino and Cushman 
[15] atlas of  the rat brain. Five animals served as unim- 
planted but  opera ted  controls (the scalp was opened and 
burr holes drilled, but  the cannulas were not  lowered) .  

Drug administration. One week after  surgery, the ani- 
mals were tested for re ten t ion  of  the avoidance task and 
were given addit ional  training until  they  again per formed at 
least 12/20 avoidances on each of  3 consecutive days. After  
this cr i ter ion was regained, crystalline 6 - h y d r o x y d o p a m i n e  
hyd rob romide  (Regis Chem. Co., Chicago, Ill.) was adminis- 
tered to the s t r ia tum as follows: The inner cannulas were 
removed and cleaned. 6 - O H D A  was spread thinly  on a 
glass plate and tamped into the tip of  the inner cannulas. 
The inner  cannulas were then re turned to the animals '  
brains. Ten of  the 15 implanted  animals received cannulas 
containing the drug; the remaining 5 received emp ty  can- 
nulas (sham injections).  

Total  dosage of  6 - O H D A  administered over the five-day 
test ing period was at two levels. An est imate of  the amount  
of  drug administered was made by weighing similarly 
loaded cannulas on a microbalance.  Six animals received 
approximate ly  15 ug/cannula  2 hr before  the first test ses- 
sion and an equal amount  20 hr before  the four th  test 
session. The remaining 4 exper imenta l  animals received 
15 ug/cannula 20 min before  the first test session and 
45 ug/cannula  20 hr before Test Sessions 2, 3, and 5. Thus, 

6 animals received a total  of  30 ug/cannula  and 4 received 
150 ug/cannula over the five-day test session. The injec- 
t ion interval before  the first test session was varied to 
determine  if any effects were observable within 2 hr of the 
applicat ion.  

The effect  of  the drug t reatments  on avoidance perfor- 
mance was analyzed by comparing the number  of avoidance 
responses on the f if th day after the first drug inject ion with 
the animals '  average scores for the two days before the drug 
adminis t ra t ion began. Student ' s  t-tests for correlated means 
[ 18] were per formed to evaluate statistical reliability. 

In order  to examine the possibili ty [16] that the behav- 
ioral effects of intrastriatal  applicat ions of  crystalline 
6 - O H D A  might be due to nonspecif ic  neural damage, six 
rats no t  used in the behavioral  exper iments  were sacrificed 
30 days after intrastriatal  6 - O H D A .  Three received the 
high and 3 the low doses of  6 - O H D A  given to animals in 
the avoidance exper iment .  Two addit ional  rats receiving the 
low dose of  6 - O H D A  were sacrificed 3 days after the last 
drug application.  F i f ty-micron frozen sections were taken 
through the region of the cannula tips of  these animals and 
stained with cresyl violet  for microscopic  examinat ion.  

Biochemistry. Six days after the first 6 - O H D A  applica- 
tion, forebrain and hindbrain levels of  dopamine  (DA) and 
norepinephr ine  (NE) were determined in all exper imenta l  
and control  animals by a modif ica t ion  of  the me thod  of  
Anton  and Sayre [ 1 ]. Forebrain included all tissue anterior 
to the superior colliculi; hindbrain included all tissue 
be tween  the superior  colliculi and the upper  end of  the 
spinal cord. Statistical comparisons were per formed using 
t-tests for independent  means [ 18 ]. 

RESULTS 

Appl icat ion of  crystall ine 6 - h y d r o x y d o p a m i n e  to the 
ventral  anter ior  s t r ia tum reliably impaired the performance 
of  two-way avoidance (see Fig. I). The magnitude of this 
impai rment  was related to the total  amount  of  drug 
applied. A total  dose of  30 ug/cannula  lowered avoidance 
responding to 64% of  the pre-drug level on the average, 
while a total  dose of  150 ug/cannula  lowered avoidance to 
39% of  the pre-drug level (see Table 1). Both of these 
impai rments  were statistically significant (low dose: t = 
3.29, d r =  5, p<0 .05 ;  high dose: t = 3.40, dr= 3, p<0.05) .  

Biochemical  assays revealed that the implanta t ion  of  
cannulas into the s t r ia tum did not  reliably (p>0 .20)  alter 
ei ther dopamine  or norepinephr ine  in fore- or hindbrain 
when compared  to unimplanted  controls (see Table 2). The 
low dose of  6 - O H D A  depleted forebrain DA to 55% of the 
unimplanted  control  level, while the high dose depleted 
forebrain dopamine  to 37% (see Table 2). These deplet ions 
were statistically reliable ( low dose: t = 3.31, df  = 9, 
p < 0 . 0 1 ;  high dose: t = 3.31, df = 7, p<0 .02) .  Forebrain 
levels of  norepinephr ine  were not  significantly affected in 
the low dose group (t = 0.50, df = 9, p>0 .20) .  A statisti- 
cally unreliable tendency  for NE deplet ion was observed in 
the high dose group (t = 2.23, df  = 7, 0 .05<p<0 .10 ) .  
Hindbrain levels of  NE were similar in all groups (p>0.10) .  
Hindbrain levels of  dopamine  were reliably depressed (t = 
2.35, df = 9, p<0 .05 )  only in the group receiving a total  of 
30 ug/cannula  of  6 - O H D A .  

These results indicate that reliable impairments  in avoid- 
ance behavior  can be produced by intrastriatal  applications 
of  6 - O H D A  which deplete forebrain dopamine  and spare 
norepinephrine.  Fur ther  support  for a specific relat ionship 
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FIG. I. Data from representative animals demonstrating the effects of intrastriatal applications of 6-OHDA on avoidance behavior. Forebrain 
levels of DA and NE are expressed as percentages of unimplanted control levels. 

b e t w e e n  fo rebra in  d o p a m i n e  and  avoidance  behav io r  was 
o b t a i n e d  b y  cor re la t ing  the  DA loss and avo idance  decre- 
m e n t  for ind iv idual  an imals  receiving 6 - O H D A .  DA was 
ca lcula ted  as a pe rcen tage  of  the  average DA level of  the  
n o n - c a n n u l a t e d  con t ro l  animals ,  and  avo idance  perfor-  
m a n c e  was calcula ted in t e r m s  o f  a pe rcen tage  of  each  
an imal ' s  average p e r f o r m a n c e  the  last  2 days pr ior  to the  
first  drug t r e a t m e n t .  A s ta t is t ica l ly  s ignif icant  (r = 0 .67,  
p < 0 . 0 5 )  p r o d u c t - m o m e n t  co r re l a t ion  [18]  was f o u n d  in 
this  compar i son ,  suggest ing t ha t  the  sever i ty  of the  avoid- 
ance i m p a i r m e n t  was re la ted  to the  degree of  DA dep le t ion .  
Using the  same p rocedure ,  the re  was no  rel iable co r re l a t ion  
b e t w e e n  avo idance  behav io r  and  NE levels (r = 0.28,  

p > 0 . 1 0 ) .  
The  drug requ i red  more  t han  20 min  bu t  less than  2 hrs  

to  p roduce  a reliable avoidance  i m p a i r m e n t .  F i f t een  , g /  
c annu l a  appl ied 2 hrs be fore  the  first  tes t  session lowered  
avo idance  r e spond ing  to 80% of pre-drug levels ( p < 0 . 0 5 ) ,  
while  app l i ca t ion  of  the  same a m o u n t  20 min  be fo re  the  
first  tes t  session was c o m p l e t e l y  ineffec t ive  (109% of pre- 
drug levels). 

E x a m i n a t i o n  of the  areas a r o u n d  the  cannu la  t ips of  the  
an imals  sacrif iced 3 or 30 days a f te r  receiving in t ras t r ia ta l  
6 - O H D A  revealed small  b l ack  depos i t s  in  the  i m m e d i a t e  
v ic in i ty  of  the  i m p l a n t  t ip.  The  r e m a i n d e r  of  the  s t r i a tum 
did n o t  show grossly a b n o r m a l  t issue reac t ions  (see Fig. 2). 
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T A B L E  1 

AVERAGE AVOIDANCES/20 TRIALS (-+ S.E.M.) BEFORE AND FIVE DAYS AFTER BEGIN- 
NING OF INTRASTRIATAL APPLICATIONS OF 6-OHDA 

Percent Percent 
Pre-drug Post-drug Pre-drug Avoidance Unimplanted Control 

Avoidances Avoidances Responding Forebrain Dopamine 

Unimplanted 
Controls (5) 14.5 -+ 1.0 13.4 ± 0.8 92.4 

Cannulated 
Controls (5) 16.3 -+ 1.6 15.0 ± 1.1 92.0 95.0 

Total 30 ~tg/cannula 
6-OHDA (6) 16.3 -+ 1.2 10.5 ± 2.3* 64.4 55.4 

Total 150 ttg/cannula 
6-OHDA (4) 14.8 + 0.9 5.8 -+ 2.8* 39.2 37.5 

*p<0.05, compared to pre-drug level 

T A B L E  2 

CONCENTRATION (ng/g -+ S.E.M.) OF CATECHOLAMINES IN FORE- AND HINDBRAIN 
AFTER INTRASTRIATAL APPLICATION OF 6-OHDA 

Forebrain Hindbrain 

Norepinephrine Dopamine Norepinephrine Dopamine 

Unimplanted 
Controls (5) 506 ± 75 1483 + 212 424 + 37 478 ± 76 

Cannulated 
Controls (5) 511 ± 47 1410 + 174 509 + 62 466 ± 34 

Total 30 ~g/cannula 
6-OHDA (6) 543 -+ 27 822 + 50t  493 ± 15 311 -+ 14" 

Total 150 tt/cannula 
6-OHDA (4) 310 -+ 24 556 -+ 164" 423 +- 18 461 ± 36 

*p<O.05, ~p<O.O1, compared to unimplanted controls 
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FIG. 2. Photomicrographs of 50 micron thick sections of corpus striatum showing the region of the cannula tips of rats: (a) 
after sham applications (b) 3 days after receiving the second of two 15 tLg applications of 6 OHDA (c) 30 days after 
receiving the second of two 15 /~g applications of 6 OHDA, and (d) 30 days after receiving the last of multiple 

applications of 6-OHDA totaling 150 #g. 
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DISCUSSION 

The  resul ts  of  the  p resen t  e x p e r i m e n t  d e m o n s t r a t e  t ha t  
in t ras t r i a ta l  app l ica t ions  of  crysta l l ine  6 - h y d r o x y d o p a m i n e  
impa i r  the  p e r f o r m a n c e  of  s h u t t l e b o x  avoidance  and  selec- 
t ively dep le te  fo rebra in  d o p a m i n e .  Since the  vast ma jo r i t y  
of  fo reb ra in  DA is in the  s t r i a tum [ 3 ] ,  s t r ia ta l  dep le t ion  of  
this  amine  was p r o b a b l y  respons ib le  for  mos t ,  if  no t  all, o f  
the  loss re f lec ted  in our  assay. Our  b iochemica l  resul ts  agree 
wi th  data  r epo r t ed  by  Unger s t ed t  [ 1 9 ] ,  and  con t r a s t  wi th  
the  ef fec ts  of  i n t r aven t r i cu l a r  in j ec t ions  of 6 - O H D A ,  
which  are more  effect ive in dep le t ing  fo rebra in  NE than  DA 
[51. 

A s ta t is t ica l ly  s ignif icant  co r re l a t ion  was found  b e t w e e n  
fo rebra in  d o p a m i n e  loss and  the  m a g n i t u d e  of  the  avoid- 
ance i m p a i r m e n t .  This p a t t e r n  of  effects  suppor t s  previous  
suggest ions [ 12 ,13]  t ha t  the  defici ts  in  avoidance  behav io r  
seen a f te r  e lec t ro ly t ic  lesions in the  s t r i a tum may  be due to 
an  i n t e r r u p t i o n  of  non-cho l ine rg ic  c o m p o n e n t s  of  the  
region.  The  resul ts  of  our  b iochemica l  assays suggest tha t  
the  avo idance  i m p a i r m e n t s  observed may  be specif ical ly 
re la ted to a dep le t ion  of  s t r ia tal  dopamine .  Recen t  resul ts  
using in t r ac i s t e rna l  in jec t ions  of  6 - O H D A  [6] have also 
suggested a crit ical role of  d o p a m i n e  in avoidance  re spond-  
ing. 

The pr incipal  issue which  mus t  be raised before  we can 
a t t e m p t  to  i n t e r p r e t  these  in te res t ing  f indings  concerns  the  
s imilar i ty  b e t w e e n  the  behav iora l  and b iochemica l  effects  
of  6 - O H D A  in jec t ions  in to  the  s t r i a tum and  lesions in the  
same region.  We [ 1 2,13 ] have previously  s h o w n  tha t  lesions 
in the  ven t ra l  as well as dorsal  s t r i a t um impa i r  the  acquisi-  
t ion  and  pe r fo rmance  of  avoidance  responses  and  t ha t  the  
m a g n i t u d e  of  this  ef fec t  of  the  les ions corre la tes  well wi th  
the i r  ef fects  on  fo rebra in  dopamine .  Whenever  a c o m p o u n d  
such  as 6 - O H D A  is in jec ted  in t r ace reb ra l ly  and is f o u n d  to 
mimic  the  effect  of  a lesion,  one  mus t  ask w h e t h e r  the  
effects  of  the  drug migh t  no t  be due to the  non-spec i f ic  
b lockade  or de s t ruc t i on  of  t issue r a the r  t han  a select ive 
ef fec t  on ca techo lamine rg ic  te rminals .  We would  like to  
of fer  the  fo l lowing evidence in s uppo r t  of  the  t en ta t ive  
conc lus ion  t ha t  the  behaviora l  ef fects  of  our  in jec t ions  may 
i n d e e d  be specif ic  to  6 - O H D A :  (a) mic roscop ic  i n spec t ion  
of  the  area s u r r o u n d i n g  the  t ips of  cannulas  used to repeat -  
edly  admin i s t e r  6 - O H D A  in doses comparab l e  to  those  
appl ied in ou r  behaviora l  e x p e r i m e n t s  did no t  uncove r  
evidence  of  a b n o r m a l  t issue reac t ions  outs ide  a n a r r o w  

band  of  t issue i m m e d i a t e l y  su r round ing  the  t ip of the  im- 
plant .  This shou ld  be viewed in the  c o n t e x t  of  the  observa- 
t ion  t ha t  the  relat ively large lesions p roduced  by the  
i m p l a n t  i tself  did n o t  re l iably affect  avoidance  behav io r  or 
fo rebra in  DA c o n t e n t  (see Fig. 1 and  Table 1). It appears  
unl ike ly  t ha t  the  add i t i on  of relat ively l i t t le  add i t iona l  
damage due to the  drug could be respons ib le  for the  
m a r k e d  behaviora l  ef fects  observed in the  present  s tudy.  (b)  
The app l i ca t ion  of  various o t h e r  c o m p o u n d s  in crystal l ine 
fo rm to the  same area has  been  s h o w n  to e i the r  have no  
ef fec t  on  avoidance  p e r f o r m a n c e  ( n o t a b l y  d o p a m i n e  and 
n o r e p i n e p h r i n e ;  unpub l i shed  obse rva t ions )  or, in the  case of 
scopo lamine ,  to enhance  avoidance  learning [ 13] while no t  
a f fec t ing  p e r f o r m a n c e  [ 1 2 ] .  These DA and NE appl ica t ions  
which  do no t  a l ter  avoidance  pe r fo rmance  also leave depos-  
its at  the  cannu la  t ips similar to those  of  6 - O H D A ,  which  
does impa i r  pe r fo rmance ,  (c) Final ly,  a l t hough  the  behav-  
ioral  measure  is d i f fe ren t ,  in t ras t r ia ta l  appl ica t ions  of  
6 - O H D A  depress r e spond ing  for  s t imu la t ion  of  the lateral  
h y p o t h a l a m u s ,  and  this  depress ion  is reversed by subse- 
q u e n t  app l i ca t ion  of  d o p a m i n e  t h r o u g h  the  same cannula  
[141.  

If it is a ssumed tha t  the  effects  of  in t ras t r ia ta l  6 - O H D A  
on avoidance  behav io r  and  fo rebra in  DA may,  indeed,  be 
due to a selective des t ruc t i on  of  dopamine rg ic  nerve termi-  
nals in the  s t r i a tum,  an  in te res t ing  p ic ture  of the  possible  
role of  the  s t r i a tum in avoidance  learning emerges.  We have 
previously  s h o w n  tha t  the  admin i s t r a t i on  of  the  an t ichol in-  
ergic agen t  s copo lamine  to the  same region enhances  
s h u t t l e b o x  avoidance  learn ing  [ 1 3 ] .  The con t ras t  of  the  
effects  of  s copo lamine  and 6 - O H D A  suggests an inter-  
ac t ion  b e t w e e n  chol inergic  and dopaminerg ic  c o m p o n e n t s  
of  the  area for  which  there  is some neurophys io log ica l  
suppor t .  Inves t iga t ions  of the effects  of  i o n t o p h o r e t i c  appli- 
ca t ions  of  drugs to single s t r ia tal  neu rons  have s h o w n  tha t  
single cells in tha t  region are typical ly  inh ib i t ed  by dopa-  
mine  bu t  exc i ted  by  ace ty lcho l ine  [4 ,8 ] .  One can relate  
these  e lec t rophys io log ica l  observa t ions  to  our  behaviora l  
da ta  to  suggest tha t  the  e f fe ren t  inf luences  of the  s t r i a tum 
on avoidance  behav io r  may be inh ib i to ry .  A b lockade  of  
the  chol inergic  c o m p o n e n t s  of  the sys tem may reduce  this  
i n h i b i t o r y  in f luence  and  the reby  faci l i ta te  avoidance  learn-  
ing. A decrease in the  act ivi ty  of  the dopaminerg ic  compo-  
nen t  of  the  sys tem,  on the  o the r  hand ,  might  faci l i ta te  the 
act iv i ty  of  this  behaviora l ly  i n h i b i t o r y  sys tem and  thus  
in te r fe re  w i th  avoidance  behavior .  
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