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WASSERMAN, E. M.. Y. GOMITA AND C. R. GALLISTEL. Pimozide blocks reinfi>rcement but not priming from MFB 
,~timulation in the rat. PHARMAC. BIOCHEM. BEHAV. 17(4) 783-787. 1982.--When given non-contingent pretrial 
stimulation (priming stimulation) rats ran an alley for brain-stimulation reward faster than when there was no priming. This 
is one manifestation of the priming effect of rewarding stimulation. After treatment with the neuroleptic, pimozide, the first 
few trials fell in the range of normal primed performance when the rats were primed, and in the range of normal unprimed 
performance when they were not. In either case, an extinction-like decline in performance occurred after the first few trials. 
Run in a T-maze with water in one arm and a lever producing brain stimulation reward in the other, thirsty rats chose the 
stimulation reward when primed and the water reward when unprimed. Pimozide in doses that produced extinction of 
Skinner box responding did not alter this effect of priming on reward preference. These results demonstrate that the 
priming effect is unaltered by doses of pimozide that block the reinforcing effect of the stimulation. 

Pimozide Priming Reinforcement Brain-stimulation reward 

R E W A R D I N G  electrical  st imulation o f  the medial forebrain 
bundle (MFB) has a transient af tereffect  that mot ivates  or  
" ' p r imes"  the animal.  Adminis ter ing brain stimulation to a 
rat before it runs an alley for identical st imulation increases 
its running speed [3]. Priming also increases the probabili ty 
that thirsty rats will choose  brain stimulation ove r  water  in a 
T maze  [1]. The  difference be tween  primed and unprimed 
per formance  in a runway is reliable [6], and it is as prominent  
on the first trials of  a session as on later trials [5]. If  p imozide 
blocked the priming effect o f  rewarding st imulation,  the per- 
formance  of  primed rats treated with pimozide ought to be 
s lower  on the first few trials of  the session than the perform- 
ance of  primed rats undergoing normal extinct ion.  H o w e v e r ,  
the previous  paper  repor ted  no significant difference be- 
tween these two condi t ions  on any of  the first 10 trials (8 
rats, each serving in both condi t ions;  see Fig. 5 in [4]). The  
fact that ext inc t ion-producing doses  o f  pimozide had no ef- 
fect on the initial per formance  of  primed rats suggests that 
the drug does not block the priming effect of  the st imulation,  
only its reinforcing effect [21. This would imply that the two 
effects are mediated by neurochemica l ly  distinct substrates,  
and that the priming effect is not a secondary  consequence  of  
the reinforcing effect.  

The exper iments  reported in the preceding paper  [4] (see 
also [21) did not, however ,  verify the presence  of  a priming 
effect and demons t ra te  that it remained unaltered by 
pimozide.  We now report  the verif ication of  a priming effect 

in six rats and the demonst ra t ion  that ext inct ion-producing 
doses  of  pimozide left the effect intact in all six. In four of  the 
rats, the priming effect was demonst ra ted  by non- 
over lapping populat ions of  primed and unprimed running 
speeds.  In the remaining two, it was demonst ra ted  in a 
T-maze  where thirsty rats chose  be tween  water  and brain 
st imulation reward (BSR). 

MI~-rH()D 

l:-rperiment I 

The subjects were  four male Sprague-Dawley rats with 
monopolar  e lect rodes  in the poster ior  lateral hypothalamus.  
They  were used in the preceding study [4], which see for 
details of  implantat ion,  training, etc. They were tested in the 
1.8 m runway descr ibed in the preceding paper. Upon reach- 
ing the goal end and pressing the lever ,  they received one 0.5 
sec train of  st imulation composed  of  0.1 msec cathodal  
pulses at 100 pps. The current  was set at 400-600 /zA to 
produce a maximal priming effect (a maximal difference be- 
tween the running speeds on primed versus  unprimed trials). 
In sessions with primed trials, the rat was r emoved  from the 
runway as soon as it rece ived  its reward and placed in a 20 
cm square box that s tood beside the runway,  where  25 sec- 
onds later it rece ived  10 trains of  priming stimulation,  identi- 
cal to the trains rece ived  as a reward,  del ivered at the rate of  
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FIG. 1. Trial-by-trial running speeds under pimozide, with and without pretrial priming. The shaded 
areas indicate the range (mean +_ 2 standard deviations) of performance under control (no drugl condi- 
tions. Only the first two trials are plotted from the high dose (5 mg/kg) session (triangles). 

I t ra in per  second .  W h e n  pr iming  ceased ,  the  rat was t rans-  
ferred f rom the  p r iming  box  to the s t a r tbox  of  the  runway .  
Five  s econds  af te r  the cessa t ion  of  pr iming,  the doo r  to the  
s t a r tbox  opened .  The  runn ing  speed  f rom the open ing  of  the 
doo r  to the press  on  the  goal l ever  was r eco rded  on cha r t  

pape r  at 220/t, where  t = l a t e n c y  in seconds .  In sess ions  with 
unpr imed  tr ials ,  the s t imula to r  tha t  de l ivered  the pr iming 
s t imula t ion  was d i sconnec ted .  

Each  rat was run in 8 pr imed sess ions  and 5-8 unpr imed  
sess ions ,  with  15-30 trials per  sess ion.  F rom these  da ta  we 
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T A B L E  1 

PRIMED AND UNPRIMED FIRST TRIAl.. RUNNING SPEEDS WITH AND WITHOUT PIMOZIDE 

Control (No Pimozide) Pimozide 

Primed Unprimed Primed Unprimed 5 mg/kg 
Rat Mean (n, or) Mean (n, er) Mean (n, ~r) Mean (n, ~r) Primed 

George 53(8.4.5) 27 (8, 7.0) 54(2,7.1) + 24(2. I 1.3)§ 50 + 
Dude 54 (8, 3.7) 28 (5, 16.0) 54 (2, 3.61 + 28 {2.6.4)§ 60+ 
Neil 67 (8, 6.41 22 (8.9.0) 54 (1, --)¢ 14 (1, --)§ 0§ 
Jonathan 56 (8, 9.3) 25 (8, 6.9) 49 (I, --)* 15 It, --)§ 29-: 

45*¢ 

Greater than unprimed mean (*=p<0.05, ~-p<0.01. l-tailed). 
Less than primed mean (~:=-p<0.05. §=p~-'0.01. I-tailed). 
¢2nd trial of the 5 mg/kg session. 

computed  the mean and standard deviat ion of  the running 
speeds under both primed and unprimed condit ions for each 
of  the first five trials. The shaded areas in Fig. 1 show the 
regions lying within -+2 standard deviat ions o f  the means.  

The rats were  then tested at least once in each of  three 
drug condit ions.  Drug testing sessions,  which were sepa- 
rated from each other  by at least 2 days,  were  run 4 hours 
after the IP injection of  a dose of  pimozide dissolved in a 3% 
tartaric acid vehicle.  The condit ions were:  0.5-0.75 mg/kg 
pimozide with priming; 0.5-0.75 mg/kg pimozide without  
priming; 5.0 mg/kg pimozide with priming. 

Experiment 2 

The rats were  run in a T maze similar to that used in [ I]. 
At the end of  the right arm was the nozzle  of  a water  bottle.  
A lever  that del ivered brain st imulation reward (BSR) was 
mounted at the end of  the left arm. Two  additional rats simi- 
lar in all respects  to those in Exper iment  I were trained 
under 20-hour water  deprivat ion to run to the right for 5 sec 
of  drinking. During this period, no BSR was del ivered.  When 
the rats were running readily for water ,  BSR was introduced 
as a reward for running to the left and pressing the lever.  The  
st imulation was the same as in Exper iment  1, with current  
set individually for each subject at a level that caused the 
animal to choose  st imulation only when primed and other- 
wise to choose  water.  Priming consis ted of  10 trains of  stimu- 
lation identical to the reward st imulation,  with 0.5 sec be- 
tween trains. At the end of  each trial, the rat was placed in its 
home cage,  which was adjacent to the maze during the train- 
ing or test session. After  20 sec, e i ther  priming was adminis-  
tered or  the animal was left in the cage for an additional 10 
sec before the start of  the next trial. 

When the subjects (20-hr deprived)  were  choosing water  
on about 90t'/~ of  unprimed trials and brain st imulation on 
about  70°A of  the primed trials, they were  run in a series of  5 
control  sessions.  Each session consis ted o f  two blocks of  5 
trials each,  one block primed and one block unprimed.  The 
number  of  choices  o f  each goal under  each condit ion was 
recorded.  The order  of  the primed and unprimed blocks was 
reversed in al ternate sessions.  Then,  two sessions were  run 4 
hours after treating each rat with a dose o f  pimozide that had 
previously been determined to be sufficient to cause ext inc-  
tion. The order  in which the primed and unprimed blocks 
were  run was counterba lanced  across  the two sessions.  Be- 

tween drug sessions,  the rats were run at least once to check 
for recovery .  Immediate ly  following the last drug session, 
ext inct ion of  lever-pressing was tested in a Skinner  box. 

RESUHS 

Experiment I 

After  t reatment  with 0.%0.75 mg/kg pimozide,  all four 
rats ran much faster  on the first few trials when primed than 
when not primed (Fig. I). When primed, their initial per- 
formance  fell within the range of  their  usual primed perform- 
ance and clearly faster than their usual unprimed perform- 
ance.  When unprimed,  their per formance  was as slow as 
their usual unprimed performance.  In ei ther  case,  the rats 
ext inguished in 6--22 trials. 

Even after 5.0 mg/kg- -a  dose 10 t imes greater  than that 
required to block r e in fo rcemen t - - t h r ee  of  the four rats ran 
within the range of  normal primed performance  and above  
the range of  normal unprimed per formance  on at least one of  
the first two trials. 

Table 1 shows means and standard deviat ions for first 
trial per formance  under control  condit ions,  first trial data  for 
the drug condit ions,  and significance levels for differences.  
as computed  by t-tests. The t-test is used to assess  the 
probabili ty that the speeds observed  under pimozide on a 
given trial came from the same populat ion as the control  
sample.  It is valid even  when only a single observat ion  is 
made in the test condit ion ([7], p. 224). In all four rats, the 
first trial primed running speed under  pimozide (0.%0.75 
mg/kg) was significantly faster than unprimed control  trials 
and not significantly different from primed control trials. In 
all four rats, the first trial unprimed speed under  pimozide 
was significantly s lower  than the primed control  trials and 
not significantly different from the unprimed control  trials. 

Fxperiment 2 

The effect  of  pretrial st imulation was also demonst ra ted  
under both control  and drug condit ions.  Table 2 arranges the 
data in 2 × 2 cont ingency tables that exhibit  the effect of  prim- 
ing on reward preference  in each o f  the two condit ions (con- 
trol and drugged).  In both condit ions,  F isher ' s  exact  test 
yields a very low probabili ty that choice  was independent  of  
priming. Priming caused the rats to select BSR ove r  water  
significantly more often in both condit ions.  Table 3 re- 
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T A B L E  2 

EFFECI OF PRIMING ON REWARD CHOICE UNDER CONTROl, AND PIMOZIDE CONDITIONS 

Rat: EW-I EW-2 

Number of Number of Number of Number of 
Water Choices Stimulus Choices Water Choices Stimulus Choices 

Control (No Pimozide) 

Primed 6 19 10 15 
Unprimed 23 2 20 5 

p <0.001 p = 0.004 

Pimozide Condition 

Primed 4 6 3 7 
Unprimed 10 0 9 1 

p ~ 0.0~5 p =0.01 

Probabilities computed by Fisher's exact test of independence, l-tailed. 

T A B L E  3 

REWARD CHOICE AS A FUNCTION OF PRIMING IN UNDRUGGED AND PIMOZIDETREATED RATS 

Rat: EW-I EW-2 

Number of Number of Number of Number of 
Water Choices Stimulus Choices Water Choices Stimulus Choices 

Unprimed Condition 

Undrugged 23 2 20 5 
Pimozide I 0 0 9 1 

p =0.50 I> =0.43 

Primed Condition 

U ndrugged 6 19 10 15 
Pimozide 4 6 3 7 

p =0.28 p =0.44 

Probabilities computed by Fisher's exact test, l-tailed. 

a r ranges  the  same da ta  in a n o t h e r  set of  2 × 2  tab les  to show 
tha t  the  p re fe rence  for w a t e r  in the  unpr imed  cond i t ion  and  
the  p re fe rence  for BSR in the p r imed  cond i t ion  were  unaf-  
fec ted  by p imozide .  F i s h e r ' s  exact  tes t  of  i n d e p e n d e n c e  
gives no  r e a s o n  to re ject  the  a s s u m p t i o n  that  the  p re fe rence  
of  a p r imed  rat for  BSR is i n d e p e n d e n t  of  the  drug t r e a t m e n t ;  
and  l ikewise  for  the u n p r i m e d  r a t ' s  p re fe rence  for water .  

W h e n  the  p imozide  t rea ted  rats  were  t es ted  in a Sk inne r  
box immedia t e ly  af te r  the  T - m a z e  tes t ing,  they exh ib i t ed  the 
same sor t  of  ex t inc t ion  p o r t r a y e d  in Fig. 6A of  the p reced ing  
paper .  

DISCUSSION 

The  resul t s  d e m o n s t r a t e  tha t  the  pr iming  effect  o f  electr i -  
cal s t imula t ion  o f  the M F B  is not  sens i t ive  to dopamine rg ic  
b lockade  by p imozide  and  the re fo re  mus t  have  a di f ferent  
n e u r o c h e m i c a l  subs t ra t e  f rom tha t  of  r e in fo rcemen t .  The  
s t imula t ion  mus t  affect  e i the r  d i rec t ly  or  t r ansynap t i ca l ly  
two separa te  p a t h w a y s  or  ana tomica l  loci. One  is a ssoc ia ted  
with the pe rcep t ion  or m e m o r y  of  the s t imula t ion  and  is re- 
spons ib le  for the r e i n f o r c e m e n t  of  lever  press ing  behav io r .  

W h e n  this  p roces s  at this locus is b locked ,  e.g. ,  by p imozidc ,  
ex t inc t ion  ensues .  The  o the r  pa thway  med ia tes  the pr iming 
effect ,  the  shor t l ived  mot iva t ion- l ike  changes  in the an ima l ' s  
pe r fo rmance  immedia te ly  fol lowing s t imula t ion .  This  la t ter  
sys t em is able to func t ion  i ndependen t ly  of  the re inforce-  
men t  sys tem and  may  be p r e s u m e d  to have  a pha rmaco logy  
of  its own.  

The  reward  and  pr iming p a t h w a y s  may share  a c o m m o n  
first s tage,  tha t  is, the f ibers  di rect ly  exci ted  by the e lec t rode  
cu r ren t  may be the  same for bo th  effects .  Or,  s ince the  M F B  
is a h e t e r o g e n o u s  col lec t ion of  f ibers ,  pr iming and reward  
may be med ia ted  by i ndependen t  p a t h w a y s  that  pass  in close 
proximi ty  to the  e lec t rode .  In e i the r  case ,  the pr iming effect  
is not a s e c o n d a r y  c o n s e q u e n c e  of  the re inforc ing effect.  
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