
Pharma¢olog* B.~hemt~t~ & Beha~tor Vol 24, pp 25%262, 1986 • Ankho Internattonal Inc Pnnted m the U S A 0091-3057/86 $~ 00 + 00 

Feeding Behavior in Rats Is 
Differentially Affected by Pimozide 

Treatment Depending on Prior Experience 
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HOFFMAN, D C AND R J BENINGER Feeding behavtor m rats ta dtJJerenttallv afJe{ted by ptmoztde treatment 
depending on prtor erpeHem e PHARMACOL BIOCHEM BEHAV 24(2) 25%262, 1986 --I t  has been observed ,n previ- 
ous research that rats treated with the dopamme receptor antagomst, plmozlde, faded to eat palatable food pellets Two 
possible lnterpretatmns for this effect were evaluated, namely, a reductmn m the primary level of food motlvatmn or 
drug-reduced hypoklnesm resulting in a subsequent fadure to find the food The effects of several doses of p,moztde (1 0, 
2 0 and 4 0 mg/kg IP) on feeding m rats with or without experience eating food pellets in an experimental chamber were 
tested Ptmozlde had httle effect on feeding in rats with prior experience whereas the drug produced a dose-dependent 
~mpa,rment in rats without s~mllar experience In addmon, although the m~tlal ~mpalrment was severe, the nonexpenenced 
rats became more effmmnt at locating the food despite p~moz~de treatment These results appear to rule out a primary 
motlvat,onal mterpretatmn for the effect of ptmoztde on feeding, rather, the ~mpmrment ts hkely due to the drug's 
hypokmesm-producmg properties 

Pimozlde Feeding Experience Mottvatmn l-[ypokmesta Learning Rats 

S E V E R A L  hnes  of  e w d e n c e  suggest  a role for  the  cent ra l  
neuro t ransmxt te r ,  d o p a m m e  (DA) m m e d m t m g  the  effects  of  
r e i n f o r c e m e n t  on  b e h a v i o r  (for r e v m w s  see [2,17]) O p e r a n t  
c o n d m o n m g  s tudies ,  for  example ,  r evea led  an  e x t m c t m n -  
hke  mtra-  or  l n t e r - s e s s m n  d e c h n e  m r e s p o n d i n g  for  re inforc-  
ing st~muh m ra ts  t rea ted  w~th DA recep to r  b lockers  [1, 6, 7, 
8, 9. 11, 13, 19] 

C o n d m o n e d  r e i n f o r c e m e n t  s tudies  have  recen t ly  con-  
t n b u t e d  a d d m o n a l  suppor t  Norma l ly ,  w h e n  a m m a l s  r ecmve  
p a m n g s  of  a neut ra l  s t imulus  and  a re inforc ing  s t imulus  they  
la ter  show a p re fe rence  towards  the  " n e u t r a l "  s t tmulus  
Davis  and  Smi th  [5] d e m o n s t r a t e d  tha t  rats  t r ea ted  with the  
DA recep to r  a n t a g o m s t ,  h a l o p e n d o l ,  faded  to show a prefer-  
ence  for  a tone  which  had  p r e v m u s l y  been  pmred  wtth intra-  
v e n o u s  m j e c t m n s  of  a p o m o r p h l n e ,  a DA agonls t  with rein- 
forcing p r o p e r t m s  O t h e r  inves t iga to rs ,  employ ing  food as 
the  re in forc ing  s t imulus ,  found  s~mdar resul t s  m rats  t r ea ted  
with p lmoz lde  dur ing  c o n d m o n l n g  [3,10] Genera l ly .  t hese  
resul t s  sugges ted  that  the l ea rmng  p r o c e s s e s  by  which  rein- 
forc ing st~muh affect  b e h a v m r  revolve  dopammerg~c t rans-  
m l s s m n  No t  all c o n d m o n e d  r e i n f o r c e m e n t  s tudms  have  
p roduced  conszs ten t  resul ts ,  h o w e v e r  T o m b a u g h  and  his 
col leagues  [14] did not  o b s e r v e  a p l m o z l d e - m d u c e d  dls rup-  
n o n  of  c o n d l t m n e d  r e i n f o r c e m e n t  m e i the r  a place prefer-  
ence  or s ign- t rack ing  task 

In the s tudms  using food as the  re inforcer ,  w h e n  high 
doses  of  p~moz~de were  u td ized  ~t was  no ted  that  a n u m b e r  of  
an imals  faded to eat  all of  the  food pel le ts  [3,10] These  ra ts  
were  e h m m a t e d  f rom the  e x p e r i m e n t s  and  the  fai lures to eat  
were  a t t r ibu ted  to fai lures of  f inding food m h y p o k m e t l c  
p~moz~de-treated a m m a l s  This  hypo thes t s  appea red  t enab le  

as d e c r e a s e d  d o p a m m e r g l c  t r a n s m l s s m n  resul t s  m 
h y p o k m e s l a  and  ca ta lepsy  (cf  [2]) Al te rna t ive ly ,  it may  be  
tha t  the  fadures  to eat  ref lec ted  r educed  levels  of  p r imary  
food mot iva t ion ,  tha t  is, the  a m m a l s  were  s imply  less hun-  
gry Such  an  exp lana t ion  could  a c c o u n t  for  the  d i s rup ted  
c o n d l t m m n g  seen  in p lmozJde- t rea ted  rats  and  may  p r o w d e  
an a l t e rna te  m t e r p r e t a t m n  for  at  leas t  some  of  the  D A  htera-  
ture  

Re la ted  to th~s ~ssue are conf l ic t ing  repor t s  as to w h e t h e r  
p lmozlde  t r e a t m e n t  in rats  affects  r e s p o n s e  m m a t m n  or  re- 
sponse  m a i n t e n a n c e  m a f ree - feedmg s i tua t ion  T o m b a u g h  el 
al [16] o b s e r v e d  a d i s rup t ion  m the  ini t ia t ion,  bu t  not  main-  
t enance ,  o f  food pel let  c o n s u m p t i o n  m p~moz~de-treated rats  
It was sugges ted  tha t  the  resul t s  were  cons i s t en t  w~th a 
s e n s o r y - m o t o r  i n t e rp re t a t ion  of  p lmoz lde '  s effect  on  feeding 
Wise el al [18], on the o t h e r  hand ,  o b s e r v e d  on ly  small  
inc reases  m la tency  to m~tlate ea t ing whde  r e s p o n s e  main te -  
nance  was  s ignif icant ly  lmpmred  A bes t - sco res  analys is  
sugges ted  that  the  pa t t e rn  of  resul t s  was  a t t r ibu tab le  to a 
m o t w a t l o n a l  deficit ,  tha t  ~s, an a t t e n u a t m n  of  the " rewarding 
impact  of  food ' 

The  pu rpose  of  the  p re sen t  r e sea rch  was to tes t  w h e t h e r  
the o b s e r v e d  fadures  to eat  m plmoz~de- t reated a m m a l s  are 
due to a r educed  level o f  p r imary  food m o t l v a t m n  or  to slow- 
ness  m f inding food,  poss ib ly  resu l t ing  f rom d i s rup ted  mo to r  
p e r f o r m a n c e  This  was  a c c o m p h s h e d  by  tes t ing  the  effects  of  
p lmozlde  on  feeding m rats  wh ich  ra ther  had  e x p e r i e n c e  or  
no e x p e r i e n c e  ea t ing food pel le ts  m an expe r imen t a l  
c h a m b e r  If  p lmozlde  r educes  p r imary  food m o t w a t m n a l  
levels ,  t hen  bo th  g roups  might  be  s lmdar ly  af fec ted  regard-  
less of  the i r  pas t  experaence  H o w e v e r ,  ff p lmozlde  leads to 
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slowness in finding food as a result of disrupted motor activ- 
ity, nonexperienced rats would be predicted to be more im- 
paired in finding and eating the food 

METHOD 

Ammals 

Sixty-nine male Wlstar rats (supplied by Charles River) 
with free-feeding weights of 250-300 g were individually 
housed m a temperature controlled environment on a 12 hr 
light-dark cycle Animals were placed on a restricted diet 
one week prior to the start of the expenment  The rats 
reached approximately 80% of their free-feedmg weight by 
the first session and were maintained at this level throughout 
the experiment 

Apparatu,~ 

The expenmental  environment consisted of four similar 
test chambers (23 0×29 0×17 5 cm) constructed of alumi- 
num plate sides with clear PlexIglas tops and doors Each 
chamber was located m a ventilated sound-attenuating box 
and was equipped with a Ralph Gerbrands Co pellet dis- 
penser (model G5100) Within each chamber, two Illumi- 
nated 2-watt light bulbs (8 5 cm apart) were situated 11 5 cm 
above the floor In the center of the same wall, a feeder cup 
(2 0×4 0 cm) was positioned at a height of  2 5 cm Inside 
each feeder cup was an infrared emitter and detector for 
measuring the latencles between food presentation and con- 
sumptlon Data collection was controlled by a Digital 
Eqmpment Corporation LSI l l / 2  computer vanably inter- 
faced with a screen or pnnter  

Procedure 

Each of eight different experimental groups was tested 
according to an experimental design with two phases In the 
first phase, four groups of rats (experienced, n=7 or 8) re- 
ceived 60-ram sessions, one on each of four consecutive 
days During each session, one 45 mg food pellet (BIoserv) 
was delivered 80 times according to a random time 45 sec 
schedule The latency between food presentation and con- 
sumptton was measured by determining the time lapse be- 
tween pellet dehvery and mterrupuon of the infrared beam in 
the feeder cup by the t a r s  snout Another four groups 
(nonexpenenced, n=7 or 8) were placed m the experimental 
box for 60 mln on each of the four days but did not receive 
any food pellets there These rats were given 80 food pellets 
in their home cage after each session 

In the second phase, all eight groups were fed 80 food 
pellets (according to the same schedule) dunng each of three 
60-ram sessions and were administered either an IP lnject~on 
of plmozlde (1 0, 2 0 or 4 0 mg/kg) or ItS vehicle, tartaric acid 
4 hr pnor to each session Each dose was given to an experi- 
enced group and a nonexperienced group yielding a sym- 
metncal design Latencles between food presentation and 
consumption were agmn measured Plmomde (Janssen 
Pharmaceutlca) was dissolved in a ratio of 3 parts tartanc 
acid to 1 part plmomde, by weight, in boiling distilled water 
and cooled pnor to rejection The injection volume for the 
1 0 mg/kg dose was 1 0 ml/kg, the volumes for the 2 0 and 4 0 
mg/kg doses were 2 0 and 4 0 ml/kg, respectively For vehi- 
cle control injections, tartaric acid was dissolved in distilled 
water at a concentratmn of 3 0 mg/ml and was injected at a 
volume of 10 ml/kg The first drug day occurred im- 
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FIG 1 The mean (±SEM) number of latencles between pellet pre- 
sentauon and consumption within 0 to 2 sec, panels a to d represent 
the nonexpenenced ( - -  - - )  and expenenced(  ) groups treated 
with 0, 1 0, 2 0 and 4 0 mg/kg of pimozlde, respectively Also in- 
cluded m panel d is the 4 0 mg/kg control group ( ) Days 
1 to 4 are nondrug pre-exposure sessions, days 5, 7 and 9 represent 
test sessions where all animals received either an IP mjecnon of 
plmozlde or ~ts vehicle tartanc acid 

mediately following the last nondrug day and the remaining 
drug sessions were separated by 48 hr 

Plmozlde had a differential effect on the feeding latencles 
m the experienced and nonexpenenced groups This obser- 
vation may have occurred because the nonexpenenced rats 
were unfamlhar with the click of the feeder That is, 
plmozlde treatment may have resulted m these rats being 
more startled by the noise, causing them to freeze and 
perhaps avoid the source A control group was added to test 
this poss~bdlty This group (control, n=8) received the same 
training and treatment as the 4 0 mg/kg plmozlde nonexpen- 
enced group except that the feeder click was presented 80 
times according to a random rime 45 sec schedule during the 
first phase of the experiment 

RESULTS 

The number of latencies between pellet presentanon and 
consumption that occurred w~thln 2 sec are illustrated m Fig 
1 This latency interval was selected because previous 
studies have shown that after some practice rats locate and 
consume food pellets usually within 2 sec [3,10] Panels a to 
d of Fig 1 represent the nonexpenenced and expenenced 
groups treated with 0, 1 0, 2 0 and 4 0 mg/kg of plmozlde, 
respectively During the four nondrug days, each experi- 
enced group showed a similar increase in the number of 
la tenoes within 2 sec, thus, they became faster at locating 
and eating the food pellets across days, reaching an 
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asymptote m most cases by day 3 Th~s was supported by a 
two-way analys~s of variance (ANOVA) with one repeated 
measure (day) y~eldlng no s~gmficant effects of group or day 
by group Interaction, but a reliable day effect, 
F(3,75)=78 59, p < 0  001 

P~mozlde influenced latenoes in both groups, however, 
the effect was larger as well as dose-dependent m nonexpen- 
enced rats (see F~g 1) Although the nonexpenenced 
p~moz~de groups showed a lower frequency of 2-sec respond- 
mg on the frs t  drug day, they all evidenced an acquisition 
function across days s~mdar to that observed m the vehtcle 
group 

A two-way ANOVA with one repeated measure (day) 
was conducted across the three drug days There were signif- 
icant main effects of group, F(8.60)=13 32, p < 0  001, and 
day, F(2.120)=22 60, p < 0  001, as well as a slgmficant inter- 
action, F(16,120)=3 64, p < 0  001 Tests of s~mple mare ef- 
fects were performed y~eldmg s~gmficant group effects at 
each day (p<0 001) To determine which groups d~ffered on 
each day, Newman Keuls multiple comparisons were carried 
out 

Wlthm drug day one, the nonexpenenced vehicle group 
d~ffered s~gnlficantly from each of the nonexpenenced 
p~moz~de groups In contrast, the experienced vehicle group 
d~d not d~ffer reliably from any of the experienced plmoz~de 
groups This confirms the observation that the same dose of 
p~mozlde had a d~fferentml effect depending upon the rat 's 
previous experience Comparing the experienced and non- 
experienced groups w~thm each dose, stgmficant differences 
occurred in every case except within the two vehicle groups 
Finally, the h~gh dose control group (also shown in F~g 1) 
d~ffered rehably from the h~gh dose experienced group but 
d~d not differ s~gnlficantly from the h~gh dose nonexperl- 
enced group, suggesting that the novelty of the chck was not 
contributing to the lower frequency of 2-sec responding in 
the nonexpenenced rats 

On drug day two, the nonexpenenced vehicle group dif- 
fered slgmficantly from all nonexpenenced groups except 
the 1 0 mg/kg p~mozlde group Only within the 2 0 mg/kg and 
4 0 mg/kg p~moz~de groups did the experienced and nonex- 
perlenced groups d~ffer slgmficantly No longer d~d the h~gh 
dose control group differ w~th the corresponding experi- 
enced group 

There were less significant group differences occurring on 
day three, this appears to be a function of the increased 
number of 2-sec latenoes observed across all nonexper~- 
enced groups The vehicle group w~thout experience re- 
roamed s~gmficantly d~fferent from the corresponding 2 0 and 
4 0 mg/kg groups, and only w~thm the 2 0 mg/kg groups did 
the experienced and nonexpenenced groups differ 

To determine ff d~fferences existed between nondrug day 
one latencles of the experienced group and day one latencles 
of the corresponding nonexperlenced group, multiple 
Student s t-tests were performed S~gnlficant differences oc- 
curred between the vehicle groups and between the groups 
receiving 2 0 mg/kg plmoz~de (p<0 05) 

DISCUSSION 

In prior studies, animals treated with p~mozlde often d~d 
not consume palatable food pellets [3,10] There was some 
question concerning the Interpretation of th~s effect and the 
present experiment addressed the posslbd~ty that it may be 
due to o ther  primary food motivational factors or failures to 
find the food, possibly as a result of a motor impairment 

Plmozzde had virtually no effect on the ablhty to find and 
eat food pellets if the ammal had prior practice eating in the 
experimental chamber, however, the same dose of pzmozlde 
produced a dose-dependent Impairment in rats without 
experience eating m the chamber This differential effect of 
plmozlde on feeding, as well as the observation that nonex- 
perlenced rats readily improved at finding and eating the 
food across days, argues against a primary food motivational 
interpretation for the failures to eat m p~moz~de-treated rats 
Consistent with this is the previous finding that plmoztde 
treatment m rats d~d not s~gmficantly affect food consump- 
tion over a 2 hr period after 24 hr of deprivation [20] Thus, it 
does not appear hkely that previous research suggesting a 
role for D A m  mediating the effects of reinforcement on 
behavior could be interpreted m terms of this vaNable [3, 10] 

The lower frequency of 2-sec responding m the nonex- 
perlenced groups was hkely a result of the well-documented 
hypokmesla-producmg effects reduced by neuroleptlcs (cf 
[2]), possibly leading to longer times to locate the food pel- 
lets This property of the drug may also have caused the 
small, nonslgmficant dechne m the number of short latencles 
m the plmozJde-treated rats w~th experience 

As indicated above, there are inconsistent reports as to 
whether p~mozlde treatment m rats affects response lmtm- 
t~on or response maintenance m a free-feeding situation 
[16,18] Although the present study does not address this 
issue d~rectly, It does suggest an ~mportant varmble which 
may account for the discrepant results namely, the ammal's 
previous experience with the feeding regimen In the study 
by Tombaugh ct al [16], the rats had only minimal exposure 
to the feeding schedule prior to drug treatment whereas in 
the experiment by Wise et al [18], the rats were habituated 
to the daily feeding schedule prior to testing (see [ 17]) Based 
on the present findings, one m~ght reasonably expect the 
animals in the Tombaugh et al [16] experiment to show the 
reported impairment in m~tlatmg food consumption The 
conflicting reports of p~mozlde's effect on maintenance of 
food consumption may be explained with reference to an- 
other variable Wise ct al [18] observed a deficit m maintain- 
mg feeding in pJmozlde-treated rats after a large number of 
pellets were presented during the drug test Tombaugh et al 
[16] gave their rats a considerably smaller number of food 
pellets, therefore, it may not be surprising that a mainte- 
nance ~mpa~rment was not observed 

In the present experiment, there was a learning compo- 
nent reflected by the acquisition curves (see Fig l) As days 
progressed each group became faster at locating and eating 
the food pellets Although the nonexperlenced ptmozlde- 
treated rats (especially m the high dose groups) mltmlly were 
slower at obtaining the food. they too learned where the food 
was as days progressed S~mdarly, others have reported the 
acqmsltlon of appetltlvely-motlvated tasks despite plmozlde 
treatment Rats pre-exposed to light-food pairings under 
plmozlde were not impaired m tracking the hght cue m a 
subsequent drug-free test where no food was presented 
S~m,lar results were obtained m a second experiment using a 
place preference paradigm [14] These observations were 
surprising given prewous findings suggesting that DA Js Im- 
portant in mediating the acquisition of reinforcement-related 
learning [3. 5, 10] 

Recent f, ndmgs may provide an explanation for these re- 
sults Hoffman and Bemnger [10], for example, observed 
that the dose of plmozlde necessary to attenuate the estab- 
hshment of conditioned reinforcement was related to the 
amount of conditioning Spyrakl, Flb~ger and Phllhps [12] 
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d i s rup ted  the  e s t a b h s h m e n t  of  p lace  p re fe rence  in ra ts  
t r ea t ed  wi th  ha loper ldo l  on ly  If the  an imals  were  no  longer  
food  dep r ived  dur ing  the  drug-f ree  tes t  Thus ,  such  var iab les  
as the  a m o u n t  of  cond l t i onmg ,  dose  of  p lmozlde  and  depri-  
va t ion  level  a t  the  t ime  of  tes t ing  may  be  impor t an t  in de- 
t e r m i n m g  the  effects  of  dopamlne rg lc  b lockade  on  the  ac- 
qu i s i t ion  of  appe t i t ive  tasks  

P e r h a p s  in the  p r e s en t  and  o t h e r  [14] expe r i m en t s ,  the  
s impl is t ic  na tu re  of  the  task  m ay  have  con t r i bu t ed  to 
p l m o z i d e ' s  min imal  effect  on  acquis i t ion  This  i n t e rp re t a t ion  
was  or iginal ly  sugges ted  by  T o m b a u g h ,  Szos t ak  and  Mills 
[15] b a s e d  on  Bol les '  [4] Idea tha t  " if  a requ i red  re- 
s p o n s e  is c o n g r u e n t  wi th  an  a n i m a l ' s  na tu ra l  food-seek ing  
b e h a v i o r  it will be  more  readi ly  acqu i r ed  and  more  r e s i s t an t  
to d i s r u p t i o n "  ([15], p 164) T o m b a u g h e t  al [15] t es ted  this  
h y p o t h e s i s  by  de t e rmin ing  the  effects  of  p lmozlde  on  the  
acquis i t ion  and  m a i n t e n a n c e  of  two  d i sc r imina t ion  tasks  
wh ich  var ied  In r e s p o n s e  complex i ty  Us ing  a spatml dis- 
c r imina t ion  task  (T-maze) ,  they  found  tha t  ra t s  p r e t r ea t ed  
wi th  up  to 1 0 mg/kg p lmozlde  s h o w e d  c o m p a r a b l e  levels  of  
acqu i s i t ion  and  m a i n t e n a n c e  re la t ive  to vehic le  con t ro l s  
Us ing  a n o t h e r  d i sc r imina t ion  p r o c e d u r e  which  requi red  bar-  
p ress  r e spond ing ,  T o m b a u g h  and  his co l leagues  [15] ob-  

s e rved  tha t  the  ra ts  p r e t r ea t ed  wi th  0 25 mg/kg p lmoz lde  
s h o w e d  c o m p a r a b l e  levels  of  acquis i t ion  to the  vehic le  
group,  h o w e v e r ,  s ignif icant  defici ts  in r e sponse  accu racy  
were  ev iden t  fol lowing day  5 A s s u m i n g  tha t  the  f o r m e r  task  
is more  na tura l  than  the  lat ter ,  t hese  da ta  suppor t  the  con-  
g ruency  hypo thes i s  

In conc lus ion ,  the  p r e sen t  resul t s  suggest  tha t  p rev ious  
o b s e r v a t i o n s  of  impa i red  r e in fo rcemen t - r e l a t ed  learning 
p robab ly  do not  ref lect  p r imary  food mot iva t iona l  changes  in 
neu ro l ep t l c - t r ea t ed  ra ts  The  u n e x p e c t e d  o b s e r v a t i o n  of  a 
l ea rn ing  cu rve  in p lmoz~de- t rea ted  rats  fu r the r  suggests  tha t  
the  effect  of  DA b lockade  on r e in fo rcemen t - r e l a t ed  learn ing  
is in f luenced  by  the  type  of  r e sponse  requi red ,  this  var iable  
can  be  added  to a growing  list inc luding neuro lep t tc  dose ,  
a m o u n t  of  cond l t l omng  and  level  of  depr iva t ion  at  the  t ime of  
tes t ing  
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