
Pharmacology Biochemisto' & Behavior, Vol. 20, pp. 73-77, 1984. ~ Ankho International Inc. Printed in the U.S.A. 

Pimozide and Amphetamine have Opposing 
Effects on the Reward Summation Function 

C. R.  G A L L I S T E L  A N D  D A V I D  K A R R A S  

Department  o f  Psychology, University o f  Pennsylvania, Philadelphia, PA 19104 

R e c e i v e d  31 M a r c h  1983 

GALLISTEL, C. R. AND D. KARRAS. Pimozide and amphetamine have opposing effects on the reward summation 
Jimction. PHARMACOL BIOCHEM BEHAV 20(1) 73-77, 1984.--The reward summation function is the plot of 
self-stimulation performance as a function of the number of pulses in a train of fixed duration. It has previously been shown 
that drugs that impair performance compress this curve but do not shift it laterally; whereas when the reinforcing efficacy is 
reduced by reducing current intensity, the curve shifts laterally. The amount of the shift is a measure of the magnitude of 
a drug's effect upon reinforcing efficacy. We report here that pimozide shifts the curve to the right in a dose-dependent 
manner, indicating an impairment of reinforcing efficacy, while amphetamine shifts it to the left, indicating an enhancement 
of reinforcing efficacy. When the two drugs are given together their effects on the reward summation function cancel out. 
These results are consistent with the hypothesis that pimozide and amphetamine exert their effects on reinforcing efficacy 
via one and the same set of dopaminergic synapses. 

Pimozide Amphetamine Reinforcement Dopamine synapses Reward-summation-functions 

P I M O Z I D E ,  a relat ively specific b locker  of  dopamine  recep-  value of  N at one-half  max imum per formance  (Fig. 1). While 
tors [10] has been shown to reduce  or abolish the reinforcing per formance  effects alter the maximum performance ,  the 
effect  of  electr ical  st imulation of  the M F B  in the rat, using locus of  the rise is affected only by a change in the rewarding 
behavioral  measures  that discr iminate  be tween  a drug 's  ef- value o f  the stimulation, as when the current  intensity is 
fect on re inforcement  and its effects  on the animal ' s  capaci ty  al tered [2]. 
to perform [5, 6, 7]. P imozide  is a neuroleptic .  The phar- Franklin [6] has shown that the neurolept ic  pimozide,  a 
macological  profile of  neurolept ic  act ion on re inforcement  compet i t ive  blocker  of  dopamine receptors ,  shifts the locus 
correla tes  strongly with the profile for in vitro neurolept ic  o f  rise of  the reward summation funct ion to the right towards 
binding to the dopamine D2 receptor  [8]. Amphetamine ,  greater  values of  N. Drugs that enhance  t ransmission in rele- 
which among other  things, both increases the release of  vant  synapses  should cause a shift in the locus of  rise toward 
dopamine and acts as a dopaminergic  agonist,  e levates  the a lower  number  of  pulses (leftward). 
rate of  self-stimulation and lowers the threshold [1,4]. How-  We first replicated the results of  Frankl in ' s  exper iment  
ever ,  nei ther  the rate measure  nor  the threshold measure  which found that pimozide caused a r ightward shift in the 
demonst rably  dist inguishes be tween  effects  on reinforce- locus of  rise. The amount  of  shift as a function of  drug dos- 
ment  and effects on per formance  factors.  If  amphe tamine  in age was examined.  Next ,  amphetamine  was adminis tered to 
fact increases the reinforcing efficacy o f  the electrical  stimu- see if  it would cause a leftward shift in the locus. Finally,  the 
lation and not simply self-stimulation per formance  at any effect of  concurrent  administrat ion of  pimozide and am- 
given level of  st imulation,  then amphe tamine ' s  effect on a phetamine  was examined.  If  the shift due to amphetamine  
specific measure  of  reinforcing eff icacy should be the oppo- p roved  reversible  by pimozide,  then the effect  of  am- 
site of  p imozide ' s  effect.  Fur thermore ,  if amphetamine  acts phetamine  could more plausibly be at tr ibuted to its action on 
by increasing the amount  of  dopamine and/or  dopaminergic  dopamine  functioning rather  than to its numerous  other  ac- 
agonists in the same synapses in which pimozide  exerts  its t ions. 
compet i t ive  blocking action, the effect  of  one drug on the 
reinforcing efficacy of  the stimulation should cancel  or  re- METHOD 
duce the effect  of  the other.  The present  paper  reports  a 
conf i rmatory test of  these two predictions.  Subjects 

Our measure  of  the reinforcing eff icacy of  the st imulation Twelve  male albino rats from the Charles River  Breeding 
is the locus of  the reward summat ion  funct ion [2,3]. The Labora tory  were  used in this study. The rats were  100 to 150 
reward summat ion funct ion is the rate at which a rat per- days old and weighed 425 to 550 grams at the t ime of  elec- 
forms as a function of  the number  o f  pulses in the reward.  As t rode implantat ion.  They were  individually housed through- 
the number  of  pulses,  N,  is increased in equal  logari thmic out  the study, with cont inuous access  to food and water .  
steps (with the durat ion of  the rewarding train held con- Lights were  kept  o f f f r o m  8:30 a.m. to 6:30 p.m. ,  so that the 
stant), the rate o f  per formance  rises abruptly from zero to rats could be run during their  act ive period. 
asymptot ic  levels.  The locus of  this rise is defined as the Each  rat was implanted with a single monopola r  stimulat- 
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FIG. 1. An example of the shifts in the reward summation function produced by 
pimozide, by amphetamine, and by amphetamine plus pimozide. LR=locus of 
rise; subscripts signify: A=amphetamine; AP=amphetamine plus pimozide; 
B=baseline (undrugged); P=pimozide. 

ing electrode, insulated with Formvar except at the tip. The verse sequence until responding reached asymptote. The av- 
tip was aimed for the posterior medial forebrain bundle, erage number of responses per minute was plotted against 
using horizontal skull coordinates: 4.0 mm behind Bregma, the log of the current intensity to obtain a rate-intensity 
1.5 mm lateral to the sagital suture, and 9.0 mm below the function. The current which produced the half-maximal re- 
skull surface. An indifferent electrode was wound around sponse rate was determined by interpolation. This was the 
three skull screws. Surgery was carried out under Chloro- standard current, the current used in all future tests on the 
pent anesthesia, with Atropine administered to prevent res- rat. Choosing the current for each rat in this way ensured 
piratory failure. Upon completion of the experiments, elec- that the locus of rise would fall around 50 pps for each rat. 
trode placement was verified in 5 of the rats. The tip was 
consistently in the MFB at the level of the posterior hypo- Data Collection 

thalamus (Levels 3290--3750 in [9]). To determine the locus of  rise, the rewarding stimulation 
was set at 160 pps and lowered in steps of 0.1 log units until 

Apparatus responding extinguished. It was then increased in equal steps 
Animals were tested in a Skinner box, 26 cm on a side, 46 back up to 160 pps. The average number of responses per 

cm high and closed at the top except for a hole through which minute was plotted against the log of the pulse number. The 
the stimulating wires passed. Each press on the lever caused number of pulses, N, producing half-maximum response 
a train of cathodal stimulating pulses to be delivered to the rates was the control locus of rise. (Actually, we used log N 
rat. Train duration and pulse duration were fixed at 1 second in our computat ions--see Fig. 1.) 
and 0.1 msec, respectively. The number of pulses in a train During drug sessions the locus of rise was determined in 
was varied to obtain reward summation functions. The cur- the same manner as during control sessions. To get the shift 
rent intensity for each rat was fixed in a manner described in locus of rise, the locus of rise during the drug session in log 
below so as to insure that the locus of rise under control units was subtracted from the logarithmic mean locus of rise 
conditions was approximately 50 pulses per second (pps) for for all control sessions for that rat. This yields a difference 
each rat. Both the current and the voltage being applied were with a positive sign when a drug enhances reinforcing effi- 
monitored with an oscilloscope, cacy and a negative sign when it reduces reinforcing effi- 

cacy. 
Training A control locus of rise was determined before each treat- 

ment. 
In three 1/z-hour training sessions each rat learned to 

lever-press for a reward of 50 pps, at a current arbitrarily Drug Treatments 
chosen to produce high response rates. Then, in three ses- 
sions on separate days the current was decreased in steps of Each rat was treated with pimozide and amphetamine 
50 tzA until responding extinguished, then increased in re- separately before being administered combinations of the 
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T A B L E  1 

PIMOZIDE- AND AMPHETAMINE-INDUCED SHIFTS IN THE REWARD SUMMATION FUNCTION (LOG~o UNITS) 

Combinations 
Pimozide Amphetamine 

Pimozide 0.3 Pimozide 0.3 Pimozide 0.6 Pimozide 0.6 
0.3 mg/kg 0.6 mg/kg 2 mg/kg 4 mg/kg Amphetamine 2 Amphetamine 4 Amphetamine 2 Amphetamine 4 

Dk-5 -0.34 Ext. +0.20 +0.24 +0.11 +0.02 
(< -0.64) 

DK-6 -0.10 0.19 +0.33 No ext. +0.02 -0.01 -0.10 0.0 
(>+0.74) 

DK-11 +0.31 
DK-12 0.58 Ext. +0.20 No ext. -0.18 +0.02 -0.13 -0.16 

( < -  1.00) (>+0.60) 
DK-14 -0.02 +0.11 
DK-19 -0.08 0.16 +0.42 No ext. -0.05 -0.26 -0.13 -0.24 

(> +0.60) 
DK-20 -0.02 -0.10 +0.22 +0.54 +0.11 +0.20 -0.03 +0.08 
DK-22 -0.25 +0.30 +0.03 
AR-2 -0.06 -0.16 
BM-I -0.09 -0.30 +0.20 +0.25 +0.01 
BM-22 +0.42 
BM-3 +0.17 

A positive shift is a shift to the left (toward smaller values of N); a negative shift is to the right (toward larger values). "Ext."--extinction,  
means that we could not get responding at the highest value of N we tried (160). The value underneath in parentheses gives the maximum 
shift we could have detected. "No ext . " - -no  extinction, means that the rat did not cease responding even at the smallest value of N we 
could generate (10). Again, the value in parentheses gives the maximum shift we could have detected. 

two drugs in various dosages.  A given dosage of  a drug was and somet imes  not. We do not report  maximal  rate here 
occas ional ly  given more than once to the same rat. At least because  the upper  limit of  160 pps often made it hard to 
seven days separated any two drug tests,  es t imate  this with precis ion (see, for example,  Fig. 1). 

Pimozide. Rats were  injected IP with ei ther  0.3 or  0.6 A 0.3 log unit shift means  that reinforcing eff icacy has 
mg/kg pimozide in 0.3% tartaric acid. Data col lect ion began been al tered by a factor  of  2. A - 0 . 6  log unit shift means  that 
four  hours after injection, reinforcing efficacy has been reduced by a factor  of  4 : 4  

Amphetamine in saline was injected IP in ei ther  2 or  4 t imes as many pulses are required to attain a given level of  
mg/kg doses.  Data col lect ion began ~/2 hour after injection, re inforcement .  A +0.3 unit shift means that 1/2 as many 

Amphetamine andpimozide. Rats were  next injected with pulses are required,  and so on. 
ei ther  dose of  pimozide,  fol lowed 3~/2 hours later by an in- 
jec t ion  o f  ei ther  dose of  amphetamine ,  Data col lect ion began Amphetamine 

~/,, hour after the second injection. Amphe tamine  in doses of  2 and 4 mg/kg reliably shifted 

the curve  o f  per formance  versus  number  o f  reward pulses to 
RESULTS the left, so that f ewer  pulses were  required to sustain half- 

Pimozide maximal  per formance  (Fig. 1). Again,  there was an "off -  
sca le"  problem in that at larger doses,  the animals some- 

Pimozide in doses  of  0.3 and 0.6 mg/kg reliably shifted the t imes fail to ext inguish al together,  continuing to press for as 
curve  of  per formance  versus  number  of  reward pulses to the long as 15 minutes with the stimulation turned entirely off. 
right, so that higher numbers  of  pulses were  required to sus- 
tain half-maximal pe r fo rmance  (Fig. 1). The shift was dose-  The 2 mg/kg dose produced a shift of  +0.28-+0.09 (n= 10). The 

effect of  4 mg/kg could not be measured in 3 of  the 7 animals 
dependent  in that a larger dose in a given animal reliably t e s tedandwerequ i tevar iab le (0 .28-+0 .18) in the4 tha tcou ld .  In 
produced  a larger shift (Fig. 2). H o w e v e r ,  it was difficult to the 3 rats where both doses produced measurable shifts, the 
get two significant shifts of  different magnitude in the same 
animal. If  the 3 mg/kg dose produced a shift greater  than 0.1 larger dose always produced a larger shift. The shifts 

p roduced  by amphetamine  were about  the same when one 
log unit (or 25%), then the shift at a dose of  0.6 mg/kg was examined separately the curve  obtained during the descend-  
off-scale in the sense that we could not get any per formance  ing sequence  of  pulse numbers  and the curve  obtained during 
within the range of  pulse f requencies  we felt just if ied in using the ascending sequence.  They were  not,  in o ther  words,  
(160-10 pps). If  0.3 mg/kg produced a negligible (<0.1 log 
unit) shift, then 0.6 mg/kg produced a significant shift (see due to " h y s t e r e s i s "  on the downward  sequence  as one might 
Table 1). The " o f f - s c a l e "  problem in combinat ion  with the suspect  from the absence  of  ext inct ion at larger doses  of  the 

between-animal  variat ion in the react ion to the lower  dose drug. 
(shifts ranging from - 0 . 0 2  to -0 .58)  make across-animal  av- Pimozide and Amphetamine Combined 
erages meaningless.  The  rightward shifts in the locus of  rise 
were  somet imes  accompanied  by reduct ions  in maximal  rate Combining doses  of  pimozide in the 0.3-0.6 mg/kg range 
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A t  4 4 4 4 4 4 4 424]A of pulses, while in Franklin's work, pulse frequency was 
F~(3qP- L,;~ 2 2 2 2 2 2 2 . . . . .  3 3 3 3 3 3 6 . 3 6 . 6 3 ] p  (mg/kg) constant and train duration covaried with the number of 

P[ " 6 66 36 66 pulses. The methods used for this paper have the advantage 
+3,~N--DK-5-- " ~ DK6 | D K I i - - + 3  of taking considerably less time, which is important when 

: : : : : : ' .- 0 drugs with a brief period of potency are used. They have the 
disadvantage of not distinguishing between the priming and 

- 3 -  LJ ..3 reinforcing effects, but earlier work has shown that pimozide 
• A only does not affect priming [11]. 

-- KEY [] Ponly "~ [] A ond P --~ Amphetamine clearly has the opposite effect of pimozide; 
"-E + 3 -  II +3 :'= it reliably caused a leftward shift in the locus of rise. It 

! ¢- 
~o n ,  DKI2 EDKI4 ,DKI9 should be noted that while the direction of the shift with 

, : _  . . . . . . . .  o ei, e  rugwasconsisteot, t ema  i,u eo   e, i ,variedwi e,,u twee  uU ects. 
~ -. . . . . . . . . . . . .  .3 ~ When pimozide and amphetamine treatments were corn- 

- .~ bined the net effect on reinforcing efficacy was intermediate 
?'7 ~DK20 DK22 AR2 O:: to the effects of the two individual treatments. The fact that 
,~ + . 3 J  - - , +3 ,,.. pimozide and amphetamine have opposing effects on rein- 

o forcing efficacy and that these opposing effects cancel when o m l = ~  m _ ~  :'H_I ......... o ~ o t d  o both drugs are given is consistent with the hypothesis that 
__~ -.3 . . . . . . . . . . . . . . . .  .3 __9 the two drugs are exerting their effects on the same 

synapses, and thus involve the same neurotransmitter. It has 
-~ - "~ been shown that pimozide is a specific DA antagonist [I0] 

- BMI ,, BM22 BM3 -,- - - - +3 ~'- and that neuroleptic capacity to block reinforcement corre- 
- + . 3 , ,  L - -  h~ 

03 lates strongly within vitro affinity for the D2 receptor [8]. The 
II : : ,.........- 0 present results suggest therefore that it is the enhancement 

of dopaminergic transmission by amphetamine that is in- 
.3- 3 creasing reinforcing efficacy, rather than amphetamine's ef- 

- . 6 -  - - . 6  fects on NE,  E, or 5-HT synaptic mechanisms. A simple 

FIG. 2. Shifts in the locus of rise of the reward summation function explanation would be that while the pimozide continues to 
produced by amphetamine and pimozide, alone and in combination, block DA receptors in the reward pathway, the amphetamine 
The subjects are identified by letter-number combinations above is enhancing the release and slowing the reuptake of DA in 
each plot. A=amphetamine dosage. P=pimozide dosage. Shifts the same synapses. The net result is  a response to the drug 
lying within 0.02 log units of 0 are plotted straddling the 0 line. An combination which is intermediate to the response to either 
asterisk above the 0 line means that no shift could be determined drug alone. These data do not, of course, prove such an 
because there was no extinction; an asterisk below the line means hypothesis; they are merely consistent with it. 
that no shift could be determined because there was no performance. The effect of the two drugs on the magnitude of the rein- 

forcing effect generated by a given amount of stimulation 
may arise in at least two quite different ways. The 
dopaminergic synapses may form a stage or stages in the 
reward pathway, the pathway that conveys the signal gen- 

with doses of  amphetamine in the 2-4 mg range yielded re- erated by the stimulation to the place where that signal is 
ward summation curves that most commonly had a locus of converted to an enduring reinforcing effect. In that case the 
rise within _+0.1 log unit of  the control value (Fig. 1). Each action of amphetamine amplifies the signal while the action 
possible combination of  doses was tested in between 4-6 of neuroleptics attenuates it. Alternatively, the dopamine 
animals. Averaging across animals yields an average shift synapses may form no part of the reward pathways; rather 
within 0.1 log unit of control for each combination. The data they may control a signal that can modulate (amplify or at- 
are noisy both within and between animals in that the combi- tenuate) the reinforcing effect of a signal in the reward path- 
nations that should yield a relatively more negative or rela- way. 
tively more positive shift did not reliably do so. However,  The data reported here demonstrate how the locus of rise 
except for the data from DK-19, the effect of a pimozide- of the reward summation function may be used to study 
amphetamine combination was always intermediate between quantitatively the manner in which drug combinations effect 
the effects of the constituents alone (Fig. 2). reinforcing efficacy. From the study of such combinations, 

we may gather a clearer picture of the pharmacology of di- 
DISCUSSION encephalic reinforcement mechanisms. 

Pimozide reliably caused a rightward shift in the locus of 
rise, indicating a reduction in the rewarding effect of brain 
stimulation. This is similar to the results obtained by ACKNOWLEDGEMENTS 
Franklin [6], but differs in that the rate of lever-pressing in a This research was supported by NIH Grant NS14935 (C. R. GaP 
Skinner box rather than the rate of alley running was used to listel, P. Hand and M. Reivich CoPIs) and by NSF Grant BNS82- 
measure performance. Also, in this study train duration was 11972 (CRG, PI). The authors gratefully acknowledge the assistance 
held constant and pulse frequency covaried with the number of Elysa Braunstein, Boas Markowitz and Scott Rosen. 



P I M O Z I D E - A M P H E T A M I N E  C A N C E L L A T I O N  77 

REFERENCES 

1. Cassens, G. P. and A. W. Mills. Lithium and amphetamine: 7. Gallistel, C. R., M. Boytim, Y. Gomita and L. Klebanoff. Does 
opposite effects on threshold of intracranial reinforcement. Psy- pimozide block the reinforcing effect of brain stimulation'? 
chopharmacologia 30: 283-290, 1973. Pharmacol Biochem Behav 17: 76%782, 1982. 

2. Edmonds, D. and C. R. Gallistel. Parametric analysis of brain 8. Gallistel, C. R. and A. Davis. Affinity for the dopamine D~ 
stimulation reward in the rat, III: The effect of performance receptor predicts neuroleptic potency in blocking the reinforc- 
variables on the reward summation function. J Comp Physiol ing effect of MFB stimulation. Pharmacol Biochem Behav 19: 
Psychol 87: 876-884, 1974. 867-872, 1983. 

3. Edmonds, D. and C. R. Gallistel. Reward vs. performance in 9. K6nig, J. F. R. and R. A. Klippel. The Rat Brain: A Stereotaxie 
self-stimulation: Electrode-specific effects ofmethyl-p-tyrtosine Atlas of  the Forebrain and Lower Parts of  the Brain Stem. 
on reward in the rat. J Comp Physiol Psychol 91: 962-974, 1977. Baltimore: Williams and Wilkins, 1963. 

4. Esposito, R. U., W. Perry and G. Kornetsky. Effects of 10. Pinder, R. M., R. N. Brogden, P. R. Sawyer, T. M. Speight, R. 
d-amphetamine and naloxone on brain stimulation reward. Psy- Spencer and G. S. Avery. Pimozide: A review of its phar- 
chopharmacology (Berlin) 69: 187-193, 1980. macological properties and therapeutic uses in psychiatry. Drugs 

5. Fouriezos, G. and R. A. Wise. Pimozide induced extinction of 12: 1-40, 1976. 
intracranial self stimulation: Response patterns rule out motor 11. Wasserman, E. M., Y. Gomita and C. R. Gallistel. Pimozide 
or performance deficits. Brain Res 103: 377-380, 1976. blocks reinforcement but not priming from MFB stimulation in 

6. Franklin, K. B. J. Catecholamines and self-stimulation: Reward the rat. Pharmacol Biochem Behav 17: 783-788, 1982. 
and performance effects dissociated. Pharmacol Biochem 
Behav 9: 813-820, 1978. 


