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WHITE, N. AND R. MAJOR. Effect of pimozide on the improvement in learning produced by self-stimulation and by 
water reinforcement. PHARMAC. BIOCHEM. BEHAV. 8(5) 565-571, 1978. - When rats self-stimulate immediately after 
the training trial of an appetitive task their performance on a retention test is improved the next day. In the present study, 
this improvement was blocked by pretraining injections of pimozide, a dopaminergic blocker. In a second experiment, 
injections of pimozide retarded learning on the same task when the learning was reinforced by drinking water, but had no 
effect on learning which occurred in the absence of a reinforcer. The data made the hypotheses that the animal's behavior 
was a result of an action of pimozide on sensory or motor mechanisms, or that the drug produced state-dependent effects, 
highly unlikely. We concluded that neural systems involving dopamine mediate an effect of reinforcing events on behavior. 
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THERE has been considerable recent speculation about the 
role of dopamine (DA) and of the neural systems con- 
taining DA in behavior. Among the different functions that 
have been attributed to these systems by various inves- 
tigators are: the control of  the initiation of forward 
locomotion [4, 6, 20, 21, 28] ;  the mediation of the 
expression in behavior of certain generalized [2,10], or 
specific [3, 17, 30] motivational states; the integration of 
sensory-motor relations [15];  and the mediation of the 
ability to perform in situations which require some form of 
learning [8, 11, 23, 31 ]. Although it is sometimes difficult 
to distinguish among these hypotheses operationally, there 
has been a real question about whether  the DA-containing 
neurons subserve some aspect of  response elaboration or if 
a higher psychological function can be attributed to them 
(see [20, 21, 22, 25]).  The data of the present study 
suggest that at least some of these neurons mediate certain 
effects of reinforcement on behavior. 

In a recent paper [16] we described an experiment in 
which water-deprived rats bar pressed for reinforcing 
electrical self-stimulation of  the lateral hypothalamus 
immediately following a single trial on a water-finding task. 
Twenty-four hr later the performance of these rats on the 
retention test was improved significantly over the per- 
formance of rats that did not self-stimulate after an 
identical training trial. When the self-stimulation session 
was delayed for 1 hr after the end of the training trial, the 

improvement in performance was significantly less than 
after immediate self-stimulation. We interpreted these 
findings as a retroactive improvement in memory produced 
by the self-stimulation. Additional experiments showed 
that self-stimulation with electrode placements in the 
nigro-neostriatal bundle or in area A9 of substantia nigra 
improved the rats' performance on retention tests, but that 
similar rates of  self-stimulation, implying similar reward 
strength, with electrode placements in the medial part of 
LH or in the preoptic area had no effect on retention test 
performance. These findings led to the hypothesis that the 
nigro-neostriatal bundle may mediate the effects of brain 
stimulation reinforcement on memory, a suggestion that 
has also been made by Routtenberg [26]. 

The nigro-neostriatal bundle has been identified as a 
dopamine-containing system by all of the atlases of the 
catecholaminergic systems in the rat [12, 14, 19, 27],  and 
it is highly likely that dopamine is the neurotransmitter at 
the synapses formed in the striatum by the fibers in this 
bundle [5].  If it is true that the effect of self-stimulation 
on memory is mediated by activation of  these fibers, it 
should be possible to block this effect with pimozide, a 
drug which produces a reasonably specific blockade of 
post-synaptic dopamine receptors in the striatum [ I ], and a 
dose-dependent debilitation of bar pressing for reinforcing 
brain stimulation in the same dose range [13, 24, 25, 29].  
In Experiment 1 we tested this hypothesis using a dose of  
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p imoz ide  (0.3 mg/kg)  which  p roduces  a par t ia l  b lockade  o f  
DA receptors .  This  dose was also k n o w n ,  f rom pre l iminary  
s tudies  in o u r  l a b o r a t o r y  and  f rom the  s tudies  ci ted above,  
to  be jus t  be low the  dose range in which  large decreases in 
rates  o f  bar  pressing for  la teral  h y p o t h a l a m i c  s t imu la t i on  
are observed.  

E X P E R I M E N T  1 

METHO D 

Animals 

The  an imals  were 77 male,  h o o d e d  rats  weighing 300  to 
350  g. Each  was i m p l a n t e d  w i t h  an  e lec t rode  made  f rom a 
single l eng th  of  0 .15 m m  rigid stainless steel wire, a imed at 
the  dorso- la tera l  par t  of  the  lateral  h y p o t h a l a m u s  ( d e G r o o t  
[7] coord ina tes :  4.6,  2.0, - 1 . 3 ) .  The  ind i f fe ren t  e lec t rode  
consis ted o f  four  skull  screws. Surgery was done  u n d e r  
60 mg/kg  sod ium p e n t o b a r b i t a l  using s t andard  s t e reo tax ic  
techniques .  One  week af te r  surgery each of  these rats m e t  a 
cr i ter ion of  180 responses  in 5 min  on a s t andard  bar  
pressing se l f - s t imula t ion  test .  The  s t imu la t i on  cu r r en t  was 
60  Hz sine wave delivered in 0.5 sec trains,  and ranged 
b e t w e e n  60  and  85 ~A in the  d i f fe ren t  animals .  

Pro cedure 

The animals  were divided in to  three  groups:  the  rats in 
one group (N = 30)  received IP in jec t ions  of  0.3 m g / k g  of  
p imoz ide  ( Janssen  Pharmaceu t i ca l s ) ;  t he  rats in a second 
group  (N = 22)  received IP in jec t ions  of  the  ta r ta r ic  acid 
vehicle (pH = 3.0);  and  the  ra ts  in the  th i rd  g roup  (N = 25)  
were u n t r e a t e d :  they  received no  in jec t ions .  Each of  these  
ma in  groups  was divided i n to  two  subgroups ,  one o f  which  
se l f -s t imulated a f te r  the  t ra in ing  trial,  the  o t h e r  of  wh ich  
did no t  self-s t imulate .  Each of  these subgroups  was f u r t h e r  
subdiv ided  in to  two:  in  each case the  rats  in one  of  these  
subdivis ions  d r a n k  wa te r  on  the  t ra in ing  trial,  t he  rats  in the  
o t h e r  subdiv is ion  did no t  receive any  water.  

One week a f te r  ini t ia l  se l f -s t imula t ion  tes t ing  the  four  
day e x p e r i m e n t a l  p rocedure  began.  Water  was r emoved  
f rom the  ra ts '  cages on  Day 1. All rats  were hand l ed  and  
given a few m i n u t e s  of  o p e n  field exper ience  on  Days 1 and 
2. On Day 3 the  rats  in the  p imoz ide  and  vehicle groups  
were in jec ted ,  s tar t ing at 10 :00  a.m.. S tar t ing  at 2 : 3 0  p.m.  
each rat  was given a t ra in ing  trial  (in the  same o rde r  as the  
in jec t ions)  in a w o o d e n  box  (37 × 64 × 46 cm)  wi th  an 
alcove (11 x 13 x 4 6 c m )  i n t h e  midd le  of  one  wall a n d a  
f loor  o f  me ta l  rods.  A s t andard  me ta l  d r ink ing  tube  
p r o t r u d e d  f rom the  end  wall of  the  alcove. A d r i n k o m e t e r  
circuit ,  cons t ruc t ed  locally wi th  an  ope ra t iona l  amplif ier ,  
connec t ed  the  dr ink ing  tube  and  the  f loor  o f  the  tes t  
appara tus ,  and  signalled l icking.  Each rat  was placed in to  a 
corner  o f  the  box  and  the  a m o u n t  of  t ime t aken  to con t ac t  
the  d r ink ing  t ube  was recorded .  Fo r  the  e x p e r i m e n t a l  
cond i t i on  w h e n  the  ra ts  received water ,  they  were al lowed 
to d r ink  for  a to t a l  of  30 sec a f te r  con tac t ing  the  tube ,  and 
were t h e n  r emoved  f rom the  appara tus .  For  the  ex- 
pe r imen ta l  c o n d i t i o n  w h e n  the  rats  did no t  receive water ,  
the  tube  was dry. These  rats  were al lowed to  r emain  in the  
appara tus  a f te r  the i r  first c o n t a c t  wi th  the  t ube  unt i l  t hey  
r e tu rned  to  the  alcove, and  were r emoved  while they  were 
in con t ac t  wi th  the  tube.  

With in  30 sec of  removal  f rom the  appa ra tus  each rat  
was placed in to  a bar  pressing cage and  c o n n e c t e d  to the  

s t imula tor .  Fo r  the  e x p e r i m e n t a l  c o n d i t i o n  which  requi red  
se l f - s t imula t ion  the  ra ts  were al lowed to  make  1000 
responses  and  were t h e n  r e tu rned  to the i r  h o m e  cages. For  
the  e x p e r i m e n t a l  c o n d i t i o n  which  did no t  require  self- 
s t imu la t i on  the  rats were lef t  in the  ba r  pressing cages for  
25 min  wi th  the  s t imu la to r  d i sconnec ted ,  and  were t hen  
r e tu rned  to the i r  h o m e  cages. In the i r  h o m e  cages all rats  
were given access to  wate r  for  30 min .  

On Day 4 no  in jec t ions  were given. Each rat  was given a 
r e t e n t i o n  trial  in the  same order  as on  the  previous  day,  
s tar t ing at  2 :30  p.m.  Dur ing this  trial  the  d r ink ing  t ube  in 
the  test  appa ra tu s  con t a ined  wate r  for  the  rats  in all 
cond i t ions  of  the  expe r imen t .  Each rat  was placed in to  the  
tes t  appa ra tu s  and  the  t ime  t aken  to con t ac t  the  d r ink ing  
tube  was recorded .  If  a rat  failed to c o n t a c t  the  dr ink ing  
tube  wi th in  300  sec the trial was t e r m i n a t e d  and the  ra t  was 
assigned a score of  300.  

U p o n  c o m p l e t i o n  o f  e x p e r i m e n t a l  t es t ing  the  rats  in the  
se l f - s t imula t ion  g roups  were killed wi th  an overdose of  
e ther ,  and  per fused  wi th  physiological  saline and  10% 
buf fe red  F o r m a l i n  aceta te .  The i r  bra ins  were r emoved ,  
f ixed,  f rozen  and  sec t ioned  at 30 u in the  area of  the  t r ack  
left  by  the  s t imula t ing  e lec t rode .  The  sec t ions  were s ta ined 
wi th  fo rmol - th ion in .  

RESULTS AND DISCUSSION 

All rats  in the  se l f -s t imula t ion  groups  bar  pressed at a 
ra te  of  at least  180 responses  per  5 min  per iod  dur ing  the  
pos t - t ra in ing  tr ial  sessions, and there  were no  s ignif icant  
d i f ferences  in the  d i s t r ibu t ions  of  the  rates  of  the  rats  in the  
th ree  t r e a t m e n t  groups.  The  s t imu la t i on  cur ren t s  used 
ranged b e t w e e n  90 and  120 uA in the  p imoz ide  and  vehicle 
groups,  and b e t w e e n  60  and  100 u A  in the  u n t r e a t e d  group.  
The  resul ts  of  examin ing  the  his tological  mater ia l  f rom 
these  an imals  are shown  in Fig. 1. 

The  behav iora l  da ta  of  the  e x p e r i m e n t  the  m e a n  
la tencies  to  c o n t a c t  the  dr ink ing  t ube  on  the  r e t e n t i o n  tr ial  
- are s h o w n  in Fig. 2. The  pe r fo rmance  changes  i n t e rp r e t ed  
as an i m p r o v e m e n t  in m e m o r y  [16]  can be seen clearly in 
the  u n t r e a t e d  and  vehicle groups.  There  is a decrease  in the  
la tency  to c o n t a c t  the  wate r  tube  in the  water-  
se l f -s t imula t ion  ( W - S S )  groups  relat ive to the i r  respect ive  
wate r -no  se l f - s t imula t ion  ( W - N S S )  con t ro l  groups.  At  the  
same t ime,  there  is an  increase in the  l a tency  o f  the  
no-wa te r  se l f - s t imula t ion  ( N W - S S )  g roups  relative to the i r  
respect ive no-wa te r  no-se l f - s t imula t ion  ( N W - N S S )  controls .  
This  p a t t e r n  o f  d i f ferences  is absen t  in the  p imoz ide  groups.  

To analyze  the  data  s ta t is t ical ly  the  l a tency  scores were 
t r ea ted  wi th  a logar i thmic  t r a n s f o r m a t i o n ,  and a 3 X 2 X 2 
analysis  of  var iance was c o m p u t e d .  The  fac tors  in the  
analysis were the  th ree  drug cond i t ions ,  the  two self- 
s t imu la t ion  condi t ions ,  and the  two  wate r  condi t ions .  The  
th ree-way in t e r ac t i on  a m o n g  these  fac tors  was s ignif icant ,  
F (2 ,65 )  = 5.53,  p < 0 . 0 1 .  Simple effects  tests  were done  
wi th in  each  drug group.  In the  u n t r e a t e d  group,  the  m e a n  
la tencies  for  the  ra ts  in the  two  se l f -s t imula t ion  groups  were 
s ignif icant ly  d i f ferent ,  t (11)  = 6.36,  p < 0 . 0 0 1 .  The m e a n  
la tency  for  the  W - S S  group was s ignif icant ly  lower  t han  
the  l a t ency  for  the  W - N S S  con t ro l  group,  t ( 13 )  = 3.07,  
p < 0 . 0 0 5 ,  and  the  mean  l a t ency  for the  N W - S S  con t ro l  
group was s ignif icant ly  h igher  than  the l a t ency  for  the 
N W - N S S  con t ro l  group,  t (8 )  = 3.47,  p < 0 . 0 0 5 .  The same 
pa t t e rn  of  d i f ferences  was a p p a r e n t  in the vehicle group.  
The mean  la tencies  for  the  rats  in the  two se l f -s t imula t ion  
groups were s ignif icant ly  d i f ferent ,  t (8 )  = 4.08,  p < 0 . 0 0 5 .  
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FIG. 2. Mean latencies to contact the drinking tube on the retention 
test of the rats in Experiment 1. The variability indicators are 
standard errors of the means. The numbers at the bottom of each 
bar show the N for each group. Abbreviations: SS, self-stimulation; 

NSS, no self-stimulationn. 

FIG. 1. Locations of the electrode tips for the rats in the three 
self-stimulation groups in Experiment 1. The numbers at the lower 
right of each section indicate its position in the anterior-posterior 
plane of the deGroot [7] atlas. Note that the placements for all 
three groups overlap within the dorso-lateral quadrant of the lateral 
hypothalamus, the area previously shown [16] to be the effective 
self-stimulation site for the memory enhancement phenomenon. 
Abbreviations: CP, cerebral peduncle; FX, fomix; ML, medial 
lemniscus; MT, mammillothalamic tract; PH, posterior hypo- 
thalamus; PMV, posterior ventral mammillary nucleus; TT,- 

thalamo-tegmental tract; ZI, zona incerta. 

The m e a n  l a t ency  for  the  W - S S  group was s ignif icant ly  
lower  t han  the  l a t ency  for  the  W - N S S  con t ro l  group,  t ( 9 )  = 

1.85, p < 0 . 0 5 ,  and  the  mean  l a t ency  for  the  N W - S S  group 
was s igni f icant ly  h igher  t han  the  l a t ency  for  the  N W - N S S  
con t ro l  group,  t (8 )  = 3.47,  p < 0 . 0 0 5 .  In the  p imoz ide  group 
none  of  these compar i sons  was s ignif icant .  

An analysis  of  var iance ident ica l  to  the  one  descr ibed 

above  was c o m p u t e d  for  the  t ra in ing  tr ial  la tencies:  no  
ma in  effects  or  i n t e rac t ions  were s ignif icant .  There fore ,  the  
var ious d i f ferences  a m o n g  the  groups  descr ibed  above  were 
no t  due to ini t ia l  d i f ferences  in the  an imals '  la tencies  on  the  
t ra in ing  trial. The  tes t  t r ial  d i f fe rences  migh t  also have been  
in f luenced  by  a res idual  ef fec t  of  the  p imoz ide ,  which  
could  have p roduced  m o t o r  i m p a i r m e n t ,  or  some re la ted  
disabi l i ty  in the  rats  t ha t  received this  drug. To check on  
this  poss ibi l i ty  add i t iona l  s imple effects  tests  were  done  
compar ing  the  tes t  t r ial  l a t ency  scores for  the  no  self- 
s t imu la t i on  groups  wi th  each o ther .  The  c o m b i n e d  W -  and  
N W - N S S  la tencies  for  the  vehicle groups  were no t  sig- 
n i f i can t ly  d i f fe ren t  f rom the  co r re spond ing  values for  the  
u n t r e a t e d  groups,  t (22)  = 0.80.  However ,  the  c o m b i n e d  W -  
and  N W - N S S  la tencies  for  the  p imoz ide  g roups  were 
s ignif icant ly  h igher  t h a n  the  co r re spond ing  values for  the  
u n t r e a t e d  group,  t ( 30 )  = 3.93,  p < 0 . 0 0 5 .  Therefore ,  
p imoz ide  did p roduce  a res idual  increase in the  test  tr ial  
la tencies.  A l t h o u g h  th is  residual  effect  could a c c o u n t  for  
the  absence  o f  the  expec t ed  decrease in the  m e a n  test  tr ial  
l a t ency  of  the  rats  in the  p imoz ide  W - S S  group,  it could  
no t  a c c o u n t  for  the  absence  of  an  increase in the  N W - S S  
group,  since b o t h  the  p imoz ide  res idual  and the  expec ted  
ef fec t  of  se l f -s t imula t ion  should  have p roduced  an  increase 
in the  l a t ency  of  this  group.  Therefore ,  the  lack o f  ef fec t  of  
se l f - s t imula t ion  in the  p imozide  groups  was n o t  a resul t  of  
the  residual  increase in the  la tencies  p roduced  by  the  
p imozide .  

The  i n t e r p r e t a t i o n  of  the  ef fec t  o f  se l f - s t imula t ion  t h a t  
was observed in the  u n t r e a t e d  and  vehicle groups  as an  
ef fec t  on  m e m o r y  is based on  two  main  a rguments .  First ,  it 
is un l ike ly  t ha t  the  se l f - s t imula t ion  could have con t i ngen t l y  
rewarded  the  behav io r  of  the  an imals  in the  tes t  appa ra tus  
because the  rats  in all g roups  were r emoved  f rom the  tes t  
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apparatus while they were in contact with the drinking 
tube. The reduced latency of the rats in the water 
self-stimulation groups might have been produced by a 
contingent relationship between the response of ap- 
proaching the tube and the rewarding consequences of the 
stimulation that began soon after the response was made. 
However, exactly the same contingency existed for the rats 
in the no water self-stimulation groups, and these animals 
had increased latencies on the retention test. Thus, the 
behavior of  the no-water self-stimulation groups was in- 
compatible with the contingent reward hypothesis. Second, 
in a previous paper [ 16], we reported an experiment similar 
to the one described here, in which the self-stimulation 
session was delayed for 1 hr after the training trial. Animals 
in this condition showed significantly less change in 
performance on the retention test than animals which 
self-stimulated immediately after the training trial. This 
suggests that the stimulation acts retroactively and not 
proactively; and that it acts on a consolidation gradient 
[181. 

This explanation of the behavior changes produced by 
non-contingent self-stimulation is based on the assumption 
that the rats in the water and no water groups formed 
different sets of associations in the test apparatus during 
the training trial. For the rats trained in the water condition 
these associations represented the location of the familiar 
drinking tube in the test apparatus. For the rats trained in 
the no-water condition the associations formed included 
the information that the familiar drinking tube in the 
alcove was dry. In both cases, the behavior observed on the 
retention test can be understood on the hypothesis that the 
brain stimulation acted to strengthen these associations. 
Thus, the rats in the water groups quickly approached the 
drinking tube on the retention test, while the rats in the 
no-water groups explored the rest of the apparatus before 
entering the alcove, or simply failed to enter it at all 

In the present experiment pimozide blocked the changes 
in performance that occurred following self-stimulation in 
untreated and vehicle treated animals. At least three 
hypotheses can account for this finding. It is possible that 
pimozide acted to impair the initial formation of the 
associations that constituted the memory. If the drug 
inhibited initial learning, there would have been no as- 
sociations present to be strengthened during the self- 
stimulation session, and no change in performance on the 
retention test would have occurred. It is also possible that 
the associations that were formed under the influence of 
the drug on the training trial could not be retrieved in the 
no-drug state on the retention test. That is, the results may 
be a demonstration of state dependent learning. Finally, 
pimozide may have blocked the facilitatory effect of 
self-stimulation on the consolidation of the associations. 
Experiment 2 was done to distinguish among these three 
possible effects of  pimozide. 

EXPERIMENT 2 

METHOD 

Animals 

Animais were 36 naive rats similar to those used in 
Experiment 1. None underwent any surgical procedures. 

Procedure 

The apparatus and the procedure, up to and including 

the first training trial, were identical to those described in 
Experiment 1. Immediately following the first trial all rats 
were returned to their home cages; 30 rain later they were 
given access to water for 30 min. This procedure was 
repeated for six more days, giving a total seven identical 
trials. 

There were three main groups. Each of the rats in one 
group (N = 12) received daily IP injections of 0.3 mg/kg 
pimozide 4.5 hr before testing on each of the first five days 
of the experiment, and injections of the tartaric acid vehicle 
on each of the last two days. Each of the rats in a second 
group (N = 12) received vehicle injections 4.5 hr before 
testing on each of the first five days, and injections of 
0.3 mg/kg pimozide on each of the last two days. The rats 
in the third group (N = 12) were untreated for the entire 
seven days of the experiment. Each of these three groups 
were divided equally into a group that drank water on each 
of the daily trials, and a group that did not receive any 
water on the daily trials. 

RESULTS AND DISCUSSION 

The mean latency scores for the rats in the six groups of 
the experiment are shown in Fig. 3. After the first two 
trials the difference between the water and the no water 
conditions is clear, showing that differential learning similar 
to that produced by self-stimulation after a single trial does 
in fact occur in this situation under natural conditions. 
Over the first five days pimozide had no effect whatsoever 
on behavior in the no water condition, but apparently 
retarded learning in the water condition. Switching the 
pimozide and vehicle groups on Days 6 and 7 had no 
apparent effect in the no-water condition, but may have 
had a small effect in the water groups. 

Because of the extremely large differences between the 
data for the water and the no water groups, separate 
analyses of variance were computed for the two conditions. 
In addition, the data for Days 1 -5  were analyzed sep- 
arately from the data for Days 6 and 7. For the water 
groups, Days 1 -5 ,  the analysis of the log-transformed 
latencies showed a significant effect of days, F(4,60) = 
47.86, p< 0.001, and a significant effect of  groups, F(2,15) 
= 4.48, p¢0.03.  Direct comparisons of  the three groups 
showed that there were significant differences between the 
pimozide and untreated groups, t(28) = 2.37, p<0.03, and 
between the pimozide and vehicle groups, t(28) = 2.78, 
p<0.005. For the water groups on Days 6 and 7, there was 
significant effect of days, F(1,15) = 7.77, p<0.05,  but the 
groups and interaction effects were not significant. For the 
no-water groups, Days 1 -5 ,  the analysis showed a sig- 
nificant effect of days, F(4,60) = 14.64, p<0.001. The 
main effect of groups was not significant. For Days 6 and 7, 
neither the days, nor the groups, nor the interaction effects 
was significant. 

The only effect of pimozide in this experiment was to 
retard the decrease in the latency of the drug-treated group 
in comparison with the vehicle and untreated groups in the 
water condition. It it unlikely that this retardation was 
caused by motor  impairment, or by an effect of the drug on 
the animals' motivational levels because if either of  these 
factors had been operating it should have been observed in 
the vehicle group on Days 6 and 7 when the animals in this 
group received pimozide for the first time. For the same 
reason, we conclude that tolerance to the effects of 
pimozide did not influence these results. 
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FIG. 3. Mean latencies to contact the drinking tube for the rats in the six groups in Experiment 2. 
Each group is represented by a continuous line. To the right of the line marked switch the symbols on 

some lines change to indicate that the injections given that group changed. 

The role of  state dependency in the results of this 
experiment can be assessed by a closer examination of  the 
data for the groups that received pimozide on Days I - 5  
and vehicle on Days 6 and 7. This switch had n o  apparent 
effect on the rats in the no-water group, but the means for 
the water group just before and after the switch suggest 
that state dependence may have had some influence on the 
data. To check on this possibility, post hoc t tests were 
carried out. The mean latency for the rats in the pimozide 
group was not significantly different from the latencies 
for the vehicle or untreated groups on the last pimozide 
day; Day 6, pimozide vs vehicle: t ( 10 )=  0.89; pimozide vs 
untreated: t(10) -- 1.23. On Day 6, when the rats in the 
pimozide group were switched to vehicle, their mean 
latency was significantly higher than the mean for the 
untreated rats, t ( 10 )=  2.20, p<0.05,  one-tailed; (although 
significant, this test is inappropriate in the presence of  the 
analysis of  variance results reported above). The Day 6 
mean for the pimozide group was not significantly different 
from the mean for the rats in the vehicle group, which 
received pimozide for the first time, t(10) = 1.19. As a 
further test for evidence of state dependence a comparison 
between the mean latency for the pimozide group on the 
last pimozide day, Day 5, and the first vehicle day, Day 6, 
was made. There was no significant difference between 
these means, t(5) = 1.19. In the absence of an overall 
behavioral pattern in both the water and no-water groups 
and given the extremely weak statistical support, we 
conc lude  that state dependence may have had a minor 
influence on the data of this experiment, but that it cannot 
have been a major factor governing the animals' behavior. 

There remain two possible interpretations of the effects 
of  pimozide in this experiment. It is possible that the drug 
impaired the formation of the associations necessary for the 
change in performance observed in the vehicle and un- 
treated water groups to occur. However, it clearly had no 
effect on the formation of associations in the no-water 
condition, because if such an effect had been present the 
latencies of the rats in the no-water pimozide group would 
have increased at a slower rate than the latencies of  the rats 
in the vehicle and untreated groups. Therefore, it seems 
unlikely that pimozide affects the formation of  associations 
because this hypothesis implies that there is some qual- 
itative difference in the way that the nervous system stores 
the associations formed in the water and the no-water 
conditions. 

The second possibility is that pimozide blocked, or 
partially blocked the effects on behavior of  the reinforcing 
features of  the learning situation. To examine this hypo- 
thesis the nature of the learning situations in the water and 
the no-water conditions must be considered. In the water 
condition the 30 sec of  drinking served as a reinforcer, and 
it can be argued that the pimozide blocked the retroactive, 
association-strengthening action of  the water reinforcement 
on the associations formed during the first  one or two 
trials. In the no-water condition, however, there was no 
reinforcing event present in the situation to strengthen the 
associations that were formed. The behavior change in this 
situation depended upon the rats learning that the familiar 
drinking tube in the alcove, from which they had obtained 
all of their water in the past, was dry in this situation. As 
there was no reinforcement in this condition no effect of 
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pimozide would be expected. Thus, the difference in the 
effect of  pimozide in the water and no-water conditions is 
consistent with the hypothesis that this drug acted 
primarily to impair the ability of a reinforcer to strengthen 
associations. 

GENERAL DISCUSSION 

The data of  the two experiments described generally 
support the hypothesis that pimozide can block certain 
effects of reinforcers in learning situations. Experiment 2 
showed that it is unlikely that the drug affects the 
formation of associations. Rather, the drug blocked the 
strengthening effect of a naturally reinforcing event on 
associations that were necessary to produce the observed 
change in behavior. In Experiment 1 pimozide blocked a 
similar strengthening effect of reinforcing brain stimulation. 
In this case, the brain-stimulation reinforcement was 
present in both the water and no-water conditions (as 
shown by the behavior of the vehicle and untreated groups 
on the retention test) so the effects of pimozide were 
observed in both conditions. 

The most common assumption about the ability of 
reinforcing events to change behavior is that these events 
have positive or negative affective consequences which 
become associated with neutral stimuli or responses upon 
which they are contingent, resulting in changed behavior 
involving those stimuli and responses. As argued in Ex- 
periment 1, however, the hypothesis of  a contingent re- 
lationship between the self-stimulation and the behavior of 
the rats on the water-finding task does not explain the 
animals' behavior. Therefore, the present data (and those of  
our earlier report [ 16] ) raise the possibility that reinforcing 
events have another action as well: that they act retro- 
actively to strengthen the associations formed by events 
that are contingently related. 

In Experiment 1 it is likely that the self-stimulation was 
accompanied by positive affect which was contingent upon 
each response, and that this is why the rats pressed the bar 
at high rates. It is of interest that the dose of pimozide used 
had only a small effect on these rates of bar pressing, 
implying that it produced a minimal reduction in the 
rewarding effects of the stimulation. At the same time the 
pimozide completely eliminated the retroactive, as- 
sociation-strengthening action of the self-stimulation, as 
shown by the absence of  behavior changes on the retention 
test in the rats which self-stimulated under its influence. 
Similarly, as argued in Experiment 2, the ability of rats to 
form associations was not affected by pimozide, but the 
normal strengthening action of a reinforcing event (drinking 
water) on these associations was impaired, as shown by the 
retarded acquisition of the water pimozide group. 

The present data, together with our earlier findings 
[16], which implicate the nigro-neostriatal bundle in the 
strengthening action of reinforcers on associations, strongly 
support the hypothesis that this dopamine system, at least, 
plays an important role in learning. This conclusion is in 
general agreement with that reached by a number of other 
authors [8, 9, 11, 12, 22, 23, 31].  It seems possible, 
because of  the close relationship between motivational 
states and behavioral reinforcement, that the motivational 
deficits described following lesions of the dopamine sys- 
tems [2, 3, 10, 17, 30] could be results of  the failure of  
reinforcers to act on associations involving instrumental 
behavior. However, it is unlikely that the sensory [ 15] and 
motor  [4, 20, 21] deficits which follow the same lesions 
can be subsumed under the reinforcement function at- 
tributed to these systems here. Possibly different dopamine 
systems mediate the reinforcement and motor functions; 
or, the two functions may be mediated by the same system, 
which would imply that they are related. 
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