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STELLAR, J R , A E KELLEY AND D CORBETT Effects ofpertpheral and central dopamtne blockade on lateral 
hxpothalamlt self-sttmulatton E~tdence fi)r both reward and motor defictts PHARMACOL BIOCHEM BEHAV 18(3) 
433-442, 1983 - -The  effects of dopamlne receptor antagomsts on lateral hypothalamlc self-stlmulaUon were analyzed using 
a reward summation function (RSF) technique This paradigm relates running speed m a runway to the number of 
st~mulaaon pulses received as a reward, and ~t is able to separately characterize changes m reward pulse effectiveness and 
motor performance Plmozlde, administered peripherally (0 125, 0 25, 0 5 mg/kg, IP), dose-dependently shifted the RSF 
toward higher values of number of pulses indicating reduced reward Plmozlde also reduced the asymptotic running speed 
of the RSF, mdtcatlng a deficit m motor performance In a second experiment, a-flupenthlxol infused directly into the 
nucleus accumbens (0 5 /xg-0 5 /zg, bdaterally) mduced changes m the RSF slmdar to those obtained with peripheral 
neuroleptlc treatment These findings are d~scussed from the perspective that dopamlne ~s involved both m the perception 
of reward value and m the performance of the response to obtain reward 
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T H E  n e u r o t r a n s m l t t e r  d o p a m m e  has  been  tmphca t ed  by  a 
n u m b e r  of  inves t iga to rs  in the  r e w a r d m g  effect  p roduced  by  
electr ical  s t imula t ion  of  the la teral  h y p o t h a l a m u s  [5, 19, 54] 
M u c h  o f  the  suppor t ive  ev idence  has  c o m e  f rom s tudies  
showing  tha t  pha rmaco log ica l  i n t e r f e rence  wtth d o p a m l n e  
func t ion  leads to d e c r e a s e d  se l f -s t imula t ion  [14, 15, 16, 31, 
32, 40, 52] S ince  d o p a m i n e  is k n o w n  to play a ma jo r  role m 
moto r  func t ion  [1, 13, 22], m a n y  s tudies  have  appropr ia t e ly  
avo ided  using s imple ra te  o f  r e s p o n s e  as an  index of  r eward  
va lue  F o r  example ,  F o u n e z o s  and  Wtse  [15] have  o b s e r v e d  
tha t  rats  t ra ined  to sel f -s t imulate  will show e x t m c t t o n - h k e  
pa t t e rns  of  r e spond ing  unde r  the  in f luence  of  a d o p a m m e  
r ecep to r  b locker ,  p tmozide  H o w e v e r ,  mos t  o f  these  tech-  
n iques  do not  readi ly  pe rmi t  quan t i t a t ive  e s t ima tes  conce rn -  
mg the  r eward  d e c r e m e n t  and  motor i c  defici t  i nduced  by  
neuro lep t tc  drugs  Thus ,  c la ims  for  the  e f fec t iveness  and  
se lec t iv i ty  of  va r ious  drug t r e a t m e n t s  range  f rom a fairly 
se lec t tve  r eward  b lockade  or  " a n h e d o n i a "  [15,55] to sub- 
s tantml  motor lc  i m p a i r m e n t  [9,49] 

The  r eward  s u m m a t i o n  func t ion  (RSF)  t e chn ique  devel -  
oped  by  E d m o n d s  and  Galhs te l  [6] is b e t t e r  able to dts tm- 
gutsh r eward  f rom m o t o r  effects  on  pe r fo rmance  d u n n g  
se l f -s t imula t ion b e h a v i o r  and  it ts able to  p rov ide  mfo rma t ton  
on  the  quan t i t a t ive  ex t en t  of  the  r eward  a l te ra t ion  reduced  
by  a drug or  o the r  physiological  man ipu la t ion  The  R S F  
t echn tque  a s sumes  that  the  e lectr ical  s t lmula t ton  genera tes  a 
r eward  signal tha t  ts par t ia l ly  d e p e n d e n t  upon  the n u m b e r  of  
individual  squa re -wave  pulses  g iven  in one  s t imula t ion  bu r s t  
I f  more  pulses  are added ,  the  r eward  ts m c r e a s e d  Prev tous  
work  [6, 7, 16, 48] has  s h o w n  tha t  runn ing  speed  m a r u n w a y  
for  one  bu r s t  of  lateral  hypo tha l amlc  s t imula t ion  reward  is a 
func t ion  of  the  n u m b e r  of  pulses  g iven  m the  r eward  burs t ,  
and  d e p e n d m g  upon  the  cu r r en t  and  o the r  pa rame te r s ,  ra ts  
typical ly  begin  runn ing  at abou t  5-15 pulses  m the  burs t  and  
a s y m p t o t e  at  abou t  30--50 pulses  A n y  reduc t ion  of  the  im- 
pac t  of  indiv idual  pulses  on  the  b r a m ,  e g ,  lower ing  the  
s t tmula t lng  cu r ren t ,  causes  a shif t  in the  R S F  cu rve  such  tha t  
more  pulses  are requi red  to offset  the  dec rea sed  effect ive-  
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ness of  each pulse Thus the number  of  pulses required to 
reach a previously determined behavioral  criterion will in- 
crease  as pulse ef fec tweness  decreases  Edmonds  and Gal- 
hstel [6] chose  as the behavioral  cri terion one half  of  the 
asymptot ic  running speed They then calculated the number  
of  pulses required to reach this cri terion and termed this 
value the " locus  of  rise " They show that the locus of  rise of  
the R S F  shifts to higher numbers  as the effect iveness  of  the 
pulses is decreased,  but does not change if, for example  task 
difficulty is increased In contrast ,  the asymptot ic  running 
speed does change with task difficulty Thus,  the locus of  
rise of  the R S F  provides a measure  of  the pulse effect iveness  
m producing reward,  while asymptot ic  per formance  level 
reflects per formance  capability Fur thermore ,  these meas- 
ures have been empmca l ly  verified [6,48] 

An addmonal  benefit  of  the R S F  technique ~s that ~t per- 
mits a rough calculation of  the percentage shift In the effec- 
hveness  of  reward pulses following a mampulat lon by ascer- 
taining the number  of  pulses reqmred to offset the effect of  
the manipulation For  example,  if  p lmozlde at a given dose 
causes a shift in the R S F  curve  such that there is a doubling 
of  the number  of  pulses reqmred to achieve locus of  rise, 
then the pulse effect iveness in producmg reward is de- 
creased by 50~7~ 

In the present  study, the R S F  technique was used to 
assess the quanti tat ive effects of  dopamine receptor  block- 
ade on lateral hypothalamlc self-stimulation The first exper-  
iment was an at tempt  to replicate the earlier findings of  
Franklin [16] who reported a relatively se lec twe interference 
with the rewarding effects of  lateral hypothalamlc stimula- 
tion following peripherally administered plmozide The sec- 
ond exper iment  examined the effects of  brain injection into 
the nucleus accumbens  

G E N E R A L  M E T H O D  

Subje~ t~ and 5utgerx 

The subJects were  male albino rats of  the Sprague-Dawley 
strain They were  stereotaxlcal ly implanted under  Chloro- 
pent anes thesm (3 cc/kg) with 4 stainless steel monopolar  
e lectrodes constructed from size " 0 0 "  insect pros insulated 
with Fo rmva r  enamel  which were aimed at the medial fore- 
brain bundle at the level of  the lateral hypothalamus The 
level-skull  coordinates  for these electrodes were  2 0 mm 
poster ior  to bregma _+ 1 8 mm lateral, 8 5 mm ventral  from 
skull, - 4  0 mm posterior ,  _+ 1 4 mm lateral, 9 0 mm ventral  
The assembly of  electrodes was anchored to the skull with 
stainless steel screws which also served as the return path 
for stimulating current  Animals  were al lowed 4 days of  re- 
covery  before the start of  behavioral  testing 

lralnlng Pt o~ edure and Apparatlt 

Brain stimulation consis ted of  cathodal monophasic ,  
square-wave pulses of  0 1 msec in duration, and was deliv- 
ered from a constant-current  source Pulse f requency was 
always fixed at 100 pulses per second while number  of  pulses 
and current  were adjusted as described below 

Rats were tested for self-stimulation on each of  four elec- 
trodes in a free lever  press situation Burst duration was 0 5 
seconds and current  varied from 100-300/zA The electrode 
which at any current  supported the highest, steadiest rate of  
responding was selected for inclusion m this study Rats 
were then trained to run a 1 meter  runway and press a lever  

to receive a reward of  one burst  of  pulses through the stimu- 
lation electrode 

Following preliminary training, rats were adapted to the 
following schedule of  discrete runway trials A single trial in 
the runway began with 10 bursts of  free, noncontingent ,  
priming stimulation del ivered in a waiting box outside the 
runway Each burst of  priming contained 60 pulses and the 
bursts occurred at the rate of  1 per  second After  priming 
stimulation had terminated,  a six second interval elapsed 
during which the rat was transferred by the exper imenter  to 
the start box of  the runway At the end of  this interval a door  
separating the start box from the alley of  the runway dropped 
and the rat was al lowed to run the runway press the lever,  
and obtain a single burst of  brain stimulation Performance  
was measured  as the t ime elapsed from the drop of  the door  
to the press of  the lever  Overal l  speed was calculated by 
dividing the distance ( 1 meter) from the door  to the lever  by 
the time elapsed After  a run, the rat was r emoved  from the 
runway by the exper imenter  and placed in the wmtlng box 
where a 20 second intertrlal interval  elapsed before priming 
stimulation began again Fur ther  details concerning this 
apparatus and procedure  can be found in o ther  reports 
[6,48] 

Priming current  was adjusted in individual rats to produce 
clear signs of  behavioral  arousal  (e g ,  sniffing locomotion)  
but no signs of  avers lveness  (e g ,  at tempts to escape from 
the waiting box,  vocahzat lon)  Reward current  was set to 
produce vigorous running at 64 pulses per  burst As a final 
step in training, rats were adapted to changing levels of  re- 
ward by undergoing a series of  extinction and acquisit ion 
condmons  In the acquisit ion condition,  rats were given 11 
success ive  tnais of  high reward (64 pulses) This was directly 
fol lowed by trials of  low reward (1 pulse) until a cri terion of  4 
consecut ive  trials of  no running (i e ,  more than 20 seconds 
running time or  less than 5 cm per second running speed) 
occurred Rats that did not run the runway within 20 seconds 
were placed on the reward lever,  the reward was del ivered,  
and a speed score of  zero was entered These condit ions of  
high and low reward were al ternated until after each reward 
change the rat 's  running speed stabilized at the new level 
within 5 trials or  less 

A reward summation function (RSF),  was generated by 
testing a series of  reward condit ions m which the number  of  
pulses in the reward burst was varied Within a single condi- 
tion reward was held constant  and 11 trials were run The 
first four trials of  each condit ions were discarded to allow the 
animal to adjust to the new reward condmon  and the median 
of  the last seven trials was taken to represent  the animal 's  
per formance  at that number  of  pulses One RSF  was gener-  
ated per day and the number  of  pulses was varied as follows 
first a warm-up condit ion was given, consisting of  a high 
level of  reward (64 pulses) This was fol lowed by an extinc- 
tion condit ion (1 pulse) which was judged complete  when the 
rat did not run the runway (see above)  in 4 out of  5 succes-  
sive trials The reward condmon  was then progressively in- 
creased every  11 trials in a senes  of  0 3 log unit steps by 
doubhng the number  of  pulses (i e , 2, 4, 8 16 ) until 
maximum running speed was obtained 

E X P E R I M E N T  I S Y S T E M I C  D O P A M I N E  B L O C K A D E  

METHOD 

Pro~ edure 

In this expenment ,  4 rats served as subjects After  the 
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animals s tablhzed on the R S F  procedure ,  baseline (non- 
drug) data  were  col lected for 5-7 daily sessions before  the 
neuroleptlc ,  plmozlde,  was adminis tered Plmozlde  (Jans- 
sen) was dissolved m tartaric acid (9 parts to 1 part 
pimozlde) ,  and was adminis tered in 3 doses of  0 125, 0 25, 
and 0 5 mg/kg, m random order  Injectmns were  given lntra- 
perl toneal ly 4 hours before testing Animals  were  typically 
tested 3 to 4 tames/week with only one session occurr ing 
under  the influence of  pimozlde Fo r  each subject the stimu- 
lating current  (In/xA), gaven as reward and priming stlmula- 
tmn respect ively ,  was TD17, 100, 300, JS95, 400, 300, JS98, 
100, 200 K S l l ,  375,200 

Data Analyst~ 

Data were  analyzed for each R S F  by calculating the locus 
of  rise value and noting the asymptot ic  running speed Locus  
of  rise was determined by first finding half of  the asymptot tc  
speed for that R S F  and then by calculating the number  of  
pulses reqmred  to sustain that level  of  running To de termine  
statistical significance o f  drug effects,  modified 95% confi- 
dence  hmlts were  cons t ruc ted  about  the mean (non-drug) 
baseline for the locus of  rise and for the asymptot ic  running 
speed by multiplying each standard devla tmn by +- 1 96 [21] 
Any  point  which fell outside these conf idence limits was 
suggested to represent  a sagnlficant deviat ion from the 
baseline control  This procedure  as comparable  to the crite- 
rion of  Edmonds  and Galhstel  [7] 

Conf idence  hmlts are usually const ructed about  means 
using the standard error  and refer  to locatmns where  new 
sample means  are likely to occur  [21] In our  case,  " 'confi- 
dence  hmats" were const ructed about  baseline means  o f  the 
locus of  rise, but used the standard devmtlon These  mod- 
ailed conf idence llmats were  taken as rough guides to where  
lndlvadual observa tmns  of  locus of  rise were likely to occur  
As such, they function as simphfied versmns  of  the cri terion 
o f  Edmonds  and Galhstel  [7], the derivat ion of  which is more 
complex ,  and the reader  as referred to t h o r  paper  for a de- 
tailed dascusslon of  the statastlcal analysis o f  R S F  shifts 
There  was no difference in the ou tcome of  the statistical 
analysis when these cri terion [7] were  applied to our data  It 
should also be noted that the locus of  rise determinataon is 
not based on the data  from a single trial, but as the interpola- 
tion be tween  two pomts  on the RSF,  each of  whach is the 
median of  7 trials Finally.  data  from asymptotac running 
speed were  analyzed m the same way as data  from the locus 
of  rise 

Htstology 

At the conclusion of  the exper iment  subjects were  deeply 
anesthet ized and peffused through the heart  with tsotonlc 
saline fol lowed by 10% Formalin  Brains r emoved  from the 
skull were  soaked for 1 week  in 10% Formal in  and 2 days in 
21Y~ sucrose  Formalin  They were  sect ioned on a freezing 
macrotome at 40/xm,  mounted ,  and stained with cresyl  vio- 
let Elec t rode  tips or  cannula  tracks were  then found and 
sites recons t ruc ted  on the atlas of  Komg and Kllppel  [28] 

RESULTS 

Histological  examlna tmn indicated that all e lect rode tips 
were  located In the medial forebrain bundle as shown in Fig 
1 Ptmozade al tered the R S F  m all subjects The R S F  data  
from one subject,  TD17, are shown in detail  in Fig 2 Here  
all baseline control  and drug R S F ' s  are presented as mdlvid- 

JS 95 

TD 17 

~ JS 98 

/ KS 11 

FIG 1 Electrode np locatmns plotted on plates from the atlas of 
Komg and Khppel [28] Plate numbers are given on the left of each 
section 
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FIG 2 Data from subject TDI7 The light hnes indicate repeated 
individual basehne control reward summation functions Note that 
0 25 mg/kg of plmozlde produced a clear shift of the curve to the 
right along the abossa without any decrement in asymptotic running 
speed This is not true for the 0 5 mg/kg condition 

ual curves  to show the representa t ive  patterns of  varlabihty 
observed  in baseline testing These  data  and the data f rom 
other  subjects are summarized for each rat in Fig 3 As can 
be seen f rom Fig 3, plmozlde produced shifts of  the curve  to 
the right and down on these axes The shifts in the R S F  
under  pamozlde were  analyzed into independent  changes in 
locus of  rise and asymptot ic  running speed,  and are pre- 
sented in Fig 4 (In one case,  JS 98, the baselane R S F  of  Fig 
3 includes a terminal  point that is der ived f rom fewer  obser-  
vations than the o ther  points in this R S F  TMs point was not 
included m the analysis in Table 1, making this analysis more 
conserva t ive  ) The highest dose of  plmozlde,  0 5 mg/kg, slg- 
mficantly increased the locus o f  nse  and markedly decreased 
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ANIMAL and PIMOZIDE DOSE Cn~/kg) 

Changes m locus of rise and m asymptotic running speed o! the reward 
summation function shown for all subjects at each dose of plmozlde The locus of 
rise measurement can be seen to be steaddy rising in a dose-dependent manner 
This indicates a decrease m reward pulse effectiveness The asymptotic speed can 
be seen to be lower m the htgh drug conditions This indicates a drop m overall 
performance capabdlty The statistical analysis of these data is presented m Table 
1 
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T A B L E  1 

Ammal 

Baseline After Plmozlde (mg/kg) 

Mean SD D 0 125 0 25 0 5 

Locus of Rise (log NI 
TD17 0 96 0 18 9 1 20 1 45 l 70 

JS95 0 83 0 07 4 0 73 1 15 1 30 

JS98 0 89 0 06 8 1 13 1 15 1 20 

KSl l  0 88 0 04 8 - -  1 05 1 35 

Maximum Running Speed (cm/sec) 
TDI7 48 8 6 6 9 54 0 50 0 32 5 

JS95 43 1 4 0 4 40 0 26 3 27 0 

JS98 51 4 3 4 8 54 6 49 0 40 1 

KSl l  44 1 69  8 - -  430 233 

Underhnmg stgmfies that the '95% confidence hmlt ' (see text) 
has been exceeded 

SD=Standard dewation 
D-Number  of basehne control days 

the maximum running speed It is no tewor thy  that in all rats, 
this dose produced an increase in the locus of  rise which 
exceeded  0 3 log units, the cri terion used for a statistically 
significant shift by Edmonds  and Galhstel  [7] At the inter- 
mediate  doses  o f  p imozide  (0 25 mg/kg), increases m the 
locus o f  rise also exceeded  the 95% conf idence limits in all 
animals,  al though only one animal,  JS95. showed a signifi- 
cant decrease  in asymptot ic  running speed The lowest  dose 
(0 125 mg/kg) had no effect on running speed,  and only in one 
rat, J898, was there a significant increase in the locus o f n s e  

DISCUSSION 

Two observat ions  can be made from the results o f  this 
exper iment  First,  dopamme receptor  blockade with system- 
lcally adminis tered pimozide induces a dose-dependent  de- 
c rement  in the effect iveness  of  lateral hypothalamlc  stimula- 
tion This phenomenon  ts observed  in all rats at the inter- 
mediate dose (0 25 mg/kg) and is even  more apparent  at the 
high dose (0 5 mg/kg) It is manifes ted as a requi rement  for 
increased number  of  reward pulses to achieve  locus o f  rise or  
any other  cr i ter ion level  of  per formance  Second,  it is clear  
that pimozide also impairs per formance  ability, an effect 
which is most  obvious  at the high dose This motor  impair- 
ment is manifested by a fadure of  increases in number  of  
reward pulses in the plmozide condit ion to achieve the same 
asymptot ic  level of  running speed reached In baseline condi-  
tions It is interest ing to note that at the intermediate  dose o f  
pimozlde most  subjects did not show significant decreases  in 
asymptote ,  suggesting a possible " s e l e c t i v e "  effect on re- 
ward at this dose of  the drug 

In regard to the amount  of  reward al terat ion produced,  at 
high doses of  plmozide (0 5 mg/kg) the maximum loss of  
pulse effect iveness  in producing reward ranged from 51% to 
84% The intermediate  dose (0 25 mg/kg) which was rela- 
t ively free of  per formance  disabilities, produced a 34% to 
67% decrement  in pulse effect iveness  Reward pulse effec- 
t iveness  can be calculated by assuming that for every  doubl- 
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lng of  our  number  of  pulses ( increase of  0 3 log units) re- 
quired to reach the locus of  rise, reward pulse effect iveness  
had dropped 50% The formula for calculating the propor-  
tional loss of  pulse effect iveness  would then be 

2. o---ffT~ ) = P  , 100(1 - l 

where n = t h e  increase in locus of  rise in log units and 
P=pe rcen tage  of  pulse effect iveness  lost This calculat ion 
slightly overes t imates  the actual percentage decrease  unless 
the reward burst  durat ion is held constant ,  something that 
was not done in ei ther  our  first exper iment  or  m Frankl in ' s  
report  [16] This overes t imat ion is due to the fact that longer  
reward burst  durat ions offer a greater  opportuni ty  for decay 
of  exci tat ion [17] 

The above values reflect p lmozlde ' s  considerable  ability 
to degrade the reward of  lateral hypothalamlc  st imulation,  
but it should be noted that in this study, plmozlde does not 
produce comple te  anhedonla  Previously,  the observat ion  of  
ext inct ion behavior  on a task rewarded with hypothalamtc 
stimulation following ptmozide administrat ion has been 
taken to reflect  an anhedonic  state [54,55], however ,  extinc- 
tion could be attr ibuted in part, to a decrease  in pulse effec- 
t iveness  below the level of  reward needed to sustain behav-  
ior Effects of  a given dose level will depend on the initial 
reward pulse effect iveness  and the task chosen but complete  
anhedonta  is unlikely to be achieved,  at least in the dose 
range (<0  5 mg/kg) where plmozide may act select ively on 
reward 

In comparing our study to that of  Frankl in 's  [ 16], in which 
he also analyzed the effects of  plmozide on the reward sum- 
mation function (RSF),  we find agreement  on the at tenuation 
of  reward,  but he reports  much less of  a motor  impairment  
than we do One difference be tween  the studies is that de- 
spite using the same stimulation f requency,  Franklin may 
have used less effect ive stimulating pulses The ev idence  for 
this difference is in the no-drug condit ion where the 
logari thmic locus of  rise values for our  subjects (mean =0  89, 
S E M =0 05) were  much lower  than for his subjects 
( m e a n = l  25, S E M =0 05) Therefore ,  fewer  st imulation 
pulses were  required to reach the behavioral  cn te r lon  in our  
report ,  g lwng us a larger operat ing range Consequent ly .  we 
were  able to make locus of  rise and asymptote  determina-  
tions at doses o f  0 5 mg/kg while Franklin was not, and it was 
at this dose level that significant motor  effects were ob- 
served In the absence of  comple te  R S F ' s ,  Franklin did note 
that at 0 5 mg/kg and 0 9 mg/kg, rats often showed ext inct ion 
behavior ,  with running beginning at the same speed as in the 
undrugged condit ion Franklin [16] and others [14, 15, 55] 
have used this initial similarity of  running speed in the drug 
and non-drug condit ions to suggest that little, if any, motor  
deficit was present  Yet,  some [48,49] have argued that re- 
sponding under  dopamine receptor  blockade is not func- 
tionally equivalent  to the ext inct ion condit ion We agree that 
pimozlde likely induces a significant and relatively select ive 
reward decrement  at doses  less than 0 5 mg/kg, but we 
suggest caut ion at making similar interpretat ions at this dose 
level or  above  

E X P E R I M E N T  2 N U C L E U S  A C C U M B E N S  
D O P A M I N E  B L O C K A D E  

The findings from the first exper iment  suggest that pe- 
nphera l  neurolept lc  t rea tment  degrades both reward and per- 
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formance  factors associated with lateral hypothalamlc self- 60- 
stimulation However .  peripheral  admintstrat lon affects all 
dopamine receptors  which have very  different anatomical  504 
connect ions  [26,33], and likely quite different funct ions [1, 40- 
22, 26] Therefore .  a more select ive effect on reward might 
be obtained with local inJections of  dopamlne blockers,  and 30- 
the nucleus accumbens  stands out  as a good candidate Cur- 20. 
rent ev idence  suggests that myehnated  reward re levant  fi- 

10 
bers may pass from the lateral hypothalamus to the ventral 
tegmental  area [18, 46, 48] The ventral  tegmental  area  is rich 
In dopamlne and projects heavily to the nucleus accumbens  
[10,51] Functional ly,  dopammergic  impairment  o f  the nu- 
cleus accumbens  attenuates hypothalamtc and ventral  teg- "~" 6 0 -  
m e n t a l  self-stimulation [31, 32, 34, 36, 40] 5 0 -  

METHOD E 40- 

Pro~ edure ,~v 30~ 

Five rats were  implanted with two electrodes  as described 20- 
previously The level-skull ,  bregma-based coordmates  were ¢~ 

t u  1o- 
4 0 mm poster ior ,  _+ 1 4 mm lateral, and 9 0 mm ventral  ua 
Addttionally,  rats were bilaterally implanted with 22 gauge Q,. 
stainless steel guide cannulae directed 3 mm above the nu- 
cleus accumbens ,  using the fol lowmg coordinates  1 9 mm t ~  
anterior,  ___ 1 5 mm lateral and 4 4 mm ventral  Except  during ~ 6 0 -  
brain injection,  the gutde cannulae contained stainless steel 
obturators  Z 50-  

Apparatus ,  e lectrode selectton procedure ,  training and Z 40-  
testing were the same as In Exper iment  1 wtth the except ion 
that reward stimulation burst  duration was held constant  at I~  3 0  
l 0 seconds as number  of  pulses were  vaned  Thus fre- 20. 
quency covar led  wtth number  of  pulses m the reward burst  10 
For  each subject the stimulating current  (In /xA) given as 
reward and prtmlng, respect ively ,  was AK2,  400, 300, AK4,  
400, 200, AK5,  350, 225, AU3,  400, 200, AU6.  300, 150 
c~-Flupenthixol (Lundbeck)  mixed in a saline vehtcle was 
used in place of  pimozlde as the dopamine receptor  blocking 
drug, to avoid using a tartarttc acid vehicle These two 
neuroleptics are bel ieved to be equal  in potency and speci- 
ficity [44] ct-Flupenthlxol was administered bilaterally by 
means of  a 30 gauge rejector cannula which was inserted into 
the guide cannulae in awake,  unanesthet lzed antmals Injec- 
tor  cannula ttps ex tended 3 0 mm beyond the tip of  the gutde 
cannula 0 5 /xg of  c~-flupenthlxol In a vo lume of 0 5 /xl of  
saline was administered ove r  a 1'25" period by a hydraulic 
system -driven by a Razel  pump, fol lowed by one minute 
diffusion time Animals were  returned to their home cage for 
5 to l0 minutes after injection before  being tested in the 
runway Each animal received in random order  one 
c~-flupenthlxol infusion and one control  infusion (0 5 /zl 
saline) with the except ion of  one animal (see below) Data 
analysis and histology were  performed as in the first experi-  
ment 

RESULTS 

a-Flupenthixol  infused into the nucleus accumbens  al- 
tered the R S F  in all subjects,  as shown In Fig 5 Infusion of  
saline alone had no effect These  shifts of  the R S F  were then 
analyzed mto changes of  locus of  rise and asymptotic  run- 
nlng speed,  and the results are displayed in Fig 6 F rom this 
figure, it can be seen that c~-flupenthixol significantly raised 
the locus of  rise above baseline in 3 out  of  5 cases and de- 
pressed asymptote  in 4 out of  5 cases 

One rat, AK5.  would not run the runway at all after infu- 

A K 2  

./ 

A K 4  

v ,  

AU 3 

, • - , , 

AU 6 

o 

05  I0  15 20  25 

A K 5  

OS 1 0 1 5 2 0 2 5  

ESB REWARD BURST (Log N) 

FIG 5 Reward summation function data for all subjects receiving 
brain mjechons The lighter lines indicate mean performance under 
control conditions and the brackets indicate one standard deviation 
Dashed lines indicate the sahne session and heavy lines indicate 
sessions run under bilateral c~-flupenthlxol inJections of 0 5/zg/0 5/zl 
Into the nucleus accumbens Symbols a" and b ' indicate drug 
doses of 0 25 p.g/and 0 125/xg/0 5 pJ, respectively 

slon of  0 5 /zg  of  a-f lupenthlxol  In later trials, the dose was 
reduced  to 0 25 and 0 125 /zg in 0 5 /zl ( " a ' "  and " b , "  re- 
spec t ive ly  in Fig 5) for this rat,  in o rder  to genera te  a 
R S F  At 0 25/xg dose,  the animal would still not run, how- 
ever  the lowest  dose,  0 125 /~g c~-flupenthixol, produced a 
large increase in the locus of  rise without  affecting 
asymptote  Saline vehicle alone induced no shifts m ei ther 
locus of  rise or  asymptote  These  data  are statistically 
analyzed m Table 2 where it can be seen that only in the case 
of  a-f lupenthlxol  infusion was there a shift in ei ther 
asymptote  or  locus of  nse  that exceeded  the 95% confidence 
limits 

Histological  examinat ion (Fig 7) revealed that all elec- 
t rodes were located in the medial forebraln bundle,  and in 
every  rat, the cannula tip was located in the nucleus accum- 
bens medial  to the anterior  limb of the anterior  commissure  
In rats AU3 and AU5 the cannula was in the anter ior  accum- 
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FIG 6 Locus of rise and asymptoUc calculations from the data presented in F~g 5 
Control, sahne, and drug condmons are indicated by the symbols " C , "  ' S," and 
"'D,'" respectively Control brackets indicate one standard error of the mean The 
second and third drug condmons under ammal AK5 indicate reduced drug doses of 
0 25 btg and 0 125 p.g//xl, relatively 

T A B L E 2  

Basehne After Accumbens InjecUon 

Animal Mean SD D Sahne c~-Flupenthlxol 

Locus of Rise (log N) 
AK2 1 06 0 06 5 1 06 1 34 

AK4 ! 19 0 18 8 1 10 1 38 
AU3 1 70 0 10 9 1 77 2 05 

AU6 1 60 0 09 9 1 77 1 74 
AK5 1 09 0 06 12 1 16 * *t 1 84:]: 

Maximum Running Speed (cm/sec) 
AK2 48 4 2 6 5 46 0 42 0 

AK4 330 4 1 8 349 233 

AU3 479 7 6  9 460  24 1 

AU6 328 6 8  9 420  20 1 

AK5 452 4 3  12 530 * *t 460 t  

Underhnmg slgmfies that the "95% confidence llmlt ' (see text) 
has been exceeded 

SD = Standard dewaUon 
D= Number of basehne control days 
*Trials on which the ammal did not run 
tz~a-Flupenthlxol at dose of 0 25/xg and 0 125 p.g, respecUvely 

bens ,  while  in the  r emain ing  3 ra ts  it was  s o m e w h a t  more  
pos te r io r ly  p laced  H o w e v e r ,  b a s e d  on  these  rats ,  no  spe- 
cific cor re la t ion  could  be  made  b e t w e e n  cannu l a  local iza t ion  
within the  nuc leus  a c c u m b e n s  and  behav io ra l  resul t s  

DISCUSSION 

In genera l ,  the  resul t s  of  this  e x p e r i m e n t  are s lmdar  to 
those  o f  the  first  e x p e r i m e n t  Tha t  is, d o p a m l n e  r ecep to r  
b lockade  of  the  nuc leus  a c c u m b e n s  induces  a d e c r e m e n t  m 
the  e f fec t iveness  of  la teral  hypo tha l amic  s t imula t ion  pulses  
in p roduc ing  reward ,  and  appear s  also to induce  a d e c r e m e n t  
in p e r f o r m a n c e  ablh ty  Thus ,  it does  not  seem tha t  r eward  
can  be  se lect ively  b locked  by  a - f lupen th lxo l  infus ion into 
this  bra in  site at  this  dose  One  could  argue tha t  a t  l ower  
doses  one  might  ob ta in  a pure  r eward  shift ,  s ince at  0 125/xg 
a - f lupen th lxo l  rat  AK5  showed  the  g rea tes t  shif t  in locus  of  
r ise with  no  drop  in a s y m p t o t e  H o w e v e r ,  this  rat  was  par-  
t icular ly sens i t ive  to the  neuro lep t lc ,  and  in the  o the r  ra ts  0 5 
/zg was enough  to induce  a j u s t  s lgmficant  shif t  in the  locus of  
rise It also might  be a rgued tha t  the  drop  in a s y m p t o t e  ob- 
se rved  here  is due to some  sp read  of  the  drug to the  
c a u d a t e - p u t a m e n  by leaking up the  sides of  the  cannu l a  
shaf t  This  poss lbd l ty  can  only  be t e s t ed  adequa te ly  by mak-  
ing in jec t ions  of  a - f lupen th ixo l  at  more  dorsa l  si tes wi th in  
the  cauda te  i tse l f  H o w e v e r ,  the  re la t ively  smal l  vo lume  (0 5 
/xl) and  low dosage  (0 5/~g) o f a - f l u p e n t h l x o l  in jected make  it 
unl ikely  tha t  d i f fus ion to d i s tan t  si tes via the  ven t r i cu la r  sys- 
t em could  a c c o u n t  for  the  p re sen t  resul t s  due to the  great  
di lut ion of  the  drug which  would  a c c o m p a n y  such  diffusion 

On the  trmls in which  R S F ' s  were  genera ted ,  ca lcu la ted  
pe rcen t  r educ t ion  in pulse e f fec t iveness  dec reased  by  a 
range  of  48% to 82%. with a m e a n  of  62% and s t andard  e r ro r  
of  10% The  d e c r e m e n t s  o f  pulse  e f fec t iveness  seen  here  are  
comparab l e  to those  seen  in the  first  e x p e r i m e n t  Thus ,  
roughly  speaking  the two me thods  of  drug t r e a t m e n t  are ap- 
p rox imate ly  equal ,  wi th  the  b ra in  infusion poss ib ly  be ing  
shght ly  more  effect ive  This  s t rongly  lmphca t e s  the dopa-  
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A K 4  
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/ 
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FIG 7 Electrode tip and cannulae tip locaUons plotted on plates 
from the atlas of Konlg and Khppel [28] Plate numbers are gwen on 
the left of each section One representative 40/zm section through a 
cannulae inject=on site =s shown 

mine input to the nucleus accumbens  in the process of  hypo- 
thalamlc stimulation reward,  and agrees with o ther  similar 
findings [32, 34, 36] particularly those of  Mogenson and col- 
leagues [31,40] who showed that, lpsllateral, but not con- 
tralateral injections of  splropendol  into the nucleus accum- 
bens at tenuated responding for nucleus accumbens  self- 
stimulation [40] as well as ventral  tegmental  self-stimulation 
[31] Howeve r ,  an assessment  of  the effects of  neurolepuc 
rufus=on into the many subreglons of  the s tna tum on this 
paradigm would be needed in order  to ascertain the contri- 
butions of  these regions to reward percept ion and perform- 
ance It IS possible,  for example,  that only a performance 
deficit mtght be obtained after neuroleptlc blockade of  the 
major motor  area (anterodorsolateral)  of  the s tna tum [25] 

G E N E R A L  D I S C U S S I O N  

The present  study has Investigated the effects of  blockade 
of  dopamlnerglc transmlsslon on lateral hypothalamlc self- 
stimulation, employing the reward summation function 
(RSF) paradtgm The object ive  of  this study was not to 

demonst ra te  that dopamlne is involved In this phenomenon,  
for which there is considerable previous evidence  [3, 4, 5, 14, 
15 16 31 32, 33 36, 40, 53, 54], but to dissociate and quan- 
t i tatively character ize the consequences  of  dopamlne-  
receptor  antagonists on two factors involved in self- 
stimulation behavior  responding to obtain reward,  and re- 
ward value itself The major conclusions which can be drawn 
from our observat ions  are the following (I) widespread 
blockade of  dopamlne receptors  with the peripherally ad- 
ministered neuroleptlc plmozlde substantially decreases  the 
effect iveness  of  hypothalamlc stimulating pulses in generat-  
Ing reward and impairs motor  performance of  the response,  
(2) local infusion of  the neuroleptlc a-f lupenthlxol  directly 
into the nucleus accumbens  produces a slmdar result It 
should also be noted that complete  anhedonla  was not 
achieved even when substantml motor  =mpalrments were ob- 
served m task performance 

Although it has been known for some time that systemic 
blockade of  dopamlnerglc receptors  has a considerable sup- 
pressing effect on self-stimulation [11 41 `;2 `;3, 54] the 
quest ion ot whether  the suppression ot self-sUmulat~on rates 
ts due to an a t tenuauon of  the reinforcing value of  brain 
sUmulatlon, or due to a deficit in the motor  express=on of  
reward,  has recently become a central and controversial  =s- 
sue For  example,  a number  of  studies have shown that 
neurolept=cs can impair motor  function in a variety of  con- 
d|t=oned and uncondit ioned behavioral  paradigms [8 9 12 
42, 49, 50] and lead to the interpretation that the neurolepuc-  
reduced decrease  in self-stimulation is due to a non-spec=fic 
a t tenuauon of  motor  performance or  response artifact 
On the other  hand groups which have studied self- 
stlmulaUon with rate-free paradigms have argued that 
neuroleptlcs can, at some doses,  select=vely block the re- 
warding effects of  brain stimulation [14, 15 16] and lead to 
the interpretat ion that these drugs reduce a state of  

anhedonla  m which the perception of  st=mulatlon =s effher 
largely diminished or complete ly  blocked Thus it appears  
that the major quesUon being debated =s whether  dopa- 
mmerglt, neurons have a major involvement  m reward proc- 
esses,  or whether  thetr role falls exclusively in the domain o1 
motor  or  sensor lmotor  funcUon 

In an at tempt to confront  this ~ssue it IS helpful to re- 
member  that a large body of  data outside the field of self- 
st=mulat|on supports the concept  of  the involvement  of  do- 
pamme in both the med=atlon of  the hedomc value of  sUmuh 
and m the initiation and execut ion of  complex motor  acts 
For  example  the self-administration of  psychost lmulant  
drugs appears to be dependent  on the dopamlnerglc neurons 
[39,56], further the d lscr lmmat |ve  properties of  these drugs 
are mediated by dopamlne [4';] The rewarding effects of  
condit ioned reinforcers are enhanced by amphetamine  and 
amphetamme-hke  drugs 138] and diminished by plmozlde 
[2] There  is some ewdence  that neurolepucs  attenuate the 
hedomc value of  sacchann reward [43] and the euphoria  
noted in humans induced by amphetamine  or  cocaine ts 
blocked after admlnlstraUon of dopamxneqecep tor  blocker~ 
[20] Further,  it has been demonst ra ted  that normal human 
subjects prefer  to self-administer  low doses of  amphetamine  
over  placebo and that amphetamine  enhances  posit ive as- 
pests o! mood [24], suggesting that select ive act ivation of the 
dopammerg=c neurons Is rewarding There is equally strong 
evidence that blockade of  dopamlnerglc  transmission re- 
duces a general motor  depression,  ewdent  in humans m the 
syndrome of t a rd lve  dyskmesm [1] also a major symptom of 
Parklnson s d~sease =s the inabthty to lmtmte and maintain 



D O P A M I N E ,  R E W A R D  A N D  P E R F O R M A N C E  441 

m o v e m e n t  [22] Large dopamine  lesions induce a s tate  of  
comple te  dyskinesla ,  reveal ing the impor tance  of  the dopa-  
mine sys t ems  in many aspec t s  o f  motor  behav ior  [29,30] 
The results  p resen ted  in our  s tudy quant i ta t ively charac-  
terize these  two funct ions  of  dopamine  and provide  addi- 
tional ev idence  that  it is likely spurious to claim that  dopa-  
mine is involved solely in reward  or mo to r  p roces ses  [37,50] 

In regard to the more  specif ic  s tudy of  local dopamIne  
projec t ions ,  it is general ly acknowledged  that  dopamlne  re- 
cep tors  in the mesohmbic  sys tem medmte  the 
motlvat lonal-affect lve role of  dopamlne ,  while dopamine  in 
the s t na tum  is respons ib le  for  facilitating complex  moto r  re- 
sponses  [23] The nucleus  a c c u m b e n s  is of ten cited as a 
s t ructure  linked with the reward  role o f d o p a m i n e  [31, 32, 34, 
36, 40, 54], and indeed one might have pred ic ted  that  selec- 
tive b lockade  of  this s t ruc ture  would  affect  only reward  and 
not motor  capaci ty  in the R S F  paradigm Howeve r ,  this clear  
dissocmt~on was  not  found It may be that  while separat ing 
the concep t s  o f  motor  funct ion and reward-mot iva t ion  is im- 
por tant  on a psychological  level,  the ability to make  this 
dis t inct ion is much  less clear  on a neural  level For  example ,  
it is clear  that  the output  o f  the nucleus accumbens  plays a 
role in locomot ion  [23], locomot ion  is certainly motor  behav-  

lor, yet  it also can be the behavioral  express ion  of  an ongoing 
reward  p rocess  in the hmbtc  sys tem,  as in the case  of  
amphe tamine - induced  locomot ion  [26] Anatomica l  descr ip-  
t ions indicate that  the circuits  under lying motor  and motiva-  
tional p roces ses  are inextr icably hnked  in that  both  the nu- 
cleus accumbens  and the rest  of  the s tna tum are dec t swe ly  
inf luenced by the hmbic  sys tem [25], and both  funct ion in 
behaviora l  output  [26,33] Perhaps ,  then,  the goal o f  future 
resea rch  in this domain  should he not so much in separat ing 
reward f rom motor  funct ion,  but in investigating how they 
interact  via the dopamine  sys tems  
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