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MORA, F., E. T. ROLLS, M. J. BURTON AND S. G. SHAW. Effects ofdopamine-receptor blockade on self-stimulation in 
the monkey. PHARMAC. BIOCHEM. BEHAV. 4(2) 211-216 ,  1976. - In a do~-response experiment it was shown that 
intraperitoneal injections of 0.062 mg/kg, and 0.1 mg/kg of the dopamine-receptor blocking agent and neuroleptic 
spiroperidol severely attenuate self-stimulation in the orbitofrontal cortex, hypothalamus, and in the region of the locus 
coeruleus, in the rhesus monkey and in the squirrel monkey. In the rhesus monkey intracranial injections of 6 ug of 
spiroperidol bilaterally into the nucleus accumbens or the hypothalamus attenuated self-stimulation of the amygdala, and 
injections into the orbitofrontal cortex attenuated self-stimulation of the amygdala and lateral hypothalamus. 
Self-stimulation at other sites tested (including the region of the locus coeruleus) was much less affected by the injections, 
and injections into the region of the locus coeruleus were ineffective. These results together with other control experiments 
suggest that spiroperidol can attenuate self-stimulation in the monkey independently of any motor impairment or sedation 
produced, and that dopamine receptors in particular brain regions are involved in self-stimulation of particular brain sites. 

Self-stimulation Dopamine Spiroperidol Reward Monkey 

T H E R E  is evidence t ha t  d o p a m i n e  recep tors  are involved in 
se l f - s t imula t ion  in the  rat.  Se l f - s t imula t ion  can be  o b t a i n e d  
in the  region of  d o p a m i n e - c o n t a i n i n g  cell bod ies  [2,41 and 
is a t t e n u a t e d  by the  a d m i n i s t r a t i o n  of  agents  which  b lock  
d o p a m i n e  receptors  such as ha loper idol ,  p imozide  [ 16] and 
spi roper idol  [ 6 , 12 ] .  Recen t ly  it has been  shown  tha t  
in t racrania l  and  in t r ape r i t onea l  in jec t ions  of  b lock ing  
agents  for d o p a m i n e  recep tors  a t t e n u a t e  se l f -s t imula t ion  of  
a n u m b e r  of  sites in add i t ion  to the  lateral h y p o t h a l a m u s  
19,111. 

In this  s tudy  we descr ibe an inves t iga t ion  in to  w h e t h e r  
d o p a m i n e  recep tors  are involved in se l f - s t imula t ion  in the  
monkey .  First ,  a dose- response  curve of  the  effect  of  
in t r ape r i tonea l  in jec t ions  of  the  d o p a m i n e - r e c e p t o r  b lock-  
ing agent  sp i roper idol  [ 1 ] on  se l f -s t imula t ion  of  d i f fe ren t  
bra in  sites is descr ibed.  T h e n  the  effects  of  in t racrania l  
in jec t ions  of  sp i roper idol  in to  d i f fe ren t  b ra in  sites are 
described.  The  aims of  this  second  e x p e r i m e n t  were to 
d e t e r m i n e  w h e t h e r  there  are par t i cu la r  areas of  the  b ra in  
which  are par t icu lar ly  sensi t ive to  the  ef fec ts  o f  spiro- 
peridol  on  se l f -s t imula t ion ,  and to d e t e r m i n e  w h e t h e r  all 
se l f -s t imula t ion sites are equal ly  af fected by  d o p a m i n e -  
recep tor  b lockade .  The  plan of  the  e x p e r i m e n t  was there-  
fore to inject  a given dose of  sp i roper idol  in to  d i f f e ren t  

bra in  areas, and to measure  the  effects  on se l f -s t imula t ion  
at d i f fe ren t  sites. This  expe r imen t a l  design also indica tes  
w h e t h e r  a side effect  such as m o t o r  i m p a i r m e n t  or seda t ion  
a c c o u n t s  for any  a t t e n u a t i o n  of  se l f -s t imula t ion observed 
(see below).  The  sites chosen  for se l f -s t imula t ion and for  
in jec t ions  of  sp i roper idol  were the  o r b i t o f r o n t a l  cor tex,  
amygdala ,  nucleus  accumbens ,  lateral h y p o t h a l a m u s  and 
region of  the  locus coeruleus.  Those  areas were chosen  
because there  is ev idence  tha t  they  are involved in 
se l f -s t imula t ion  in the  m o n k e y ,  in tha t  se l f -s t imula t ion  
occurs  in those  areas and in tha t  single un i t s  in each of  
these areas are ac t ivated  (usual ly t rans-synapt ica l ly )  in 
se l f -s t imula t ion of  each of  the  o t h e r  areas { 3, 9, 11 I. 

METHOD 

Animals 

Three  rhesus m o n k e y s  (Macaca mulatta) and two squir- 
rel m o n k e y s  (Saimiri sciureus) weighing 2 . 8 - 3 . 2 5  kg and 
0 . 5 0 - 0 . 7 0  kg were imp lan ted  u n d e r  Nembu ta l  anes thes ia  
(0.6 mg/kg)  wi th  bi la teral  stainless-steel cannu lae  (0.6 mm 
o.d.). The  cannu lae  could be used for  local in t racrania l  
in jec t ion  by  inser t ing 0.3 mm o.d. cannu lae  c o n n e c t e d  to 
f lexible p o l y t h e n e  tubes  in to  them,  or for bra in  s t imu la t ion  
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by passing stainless-steel wires insulated except  for 0.2 mm 
at the tip through the cannulae. Using the atlas o f  Snider 
and Lee [14] ,  the cannulae were aimed in the rhesus 
monkeys  at the orbi tofronta l  cbrtex,  nucleus accumbens,  
lateral hypothalamus,  amygdala,  and locus coeruleus. In the 
squirrel monkeys  comparable  sites were used [5] .  One 
week after surgery the monkeys  were tested for self- 
st imulation.  The monkeys  sat in a primate chair. A 0.3 sec 
train of  0.5 msec capacitat ively-coupled negative pulses at a 
frequency of  100 Hz was applied to the electrode under  
test when the monkeys  contac ted  a bar in front  of  them. 
When self-stimulation was found at a particular site the 
threshold for self-stimulation was determined by repeatedly 
decreasing and increasing the current,  and the stability of  
the self-stimulation threshold and rate were Confirmed over 
several days. The current  was set to be just above the 
threshold current  (i.e. the lowest current  which would 
maintain cont inuous  self-stimulation). Under  these condi- 
tions the baseline self-stimulation rates for each structure in 
every monkey  were determined.  

Pro cedure 

A dose-response curve of  the effect of  the dopamine-  
receptor  blocking agent spiroperidol  [ 1 ] on self-st imulation 
was made as follows. The spiroperidol (generously supplied 
by Janssen Pharmaceutica,  Beerse, Belgium) was injected 
intraperi toneal ly in doses of  0.016,  0.062,  and 0.1 mg/kg. 
Control  injections were of  the solvent only, 0.01 M tartaric 
acid. The monkeys  were tested every 3 days. On a test day 
first the baseline rate of  self-stimulation at every site was 
tested. Then the IP injections were given, and one hour 
later the self-stimulation rate was measured for each 
electrode for 10 one min periods, with 5 min periods 
allowed for changing the st imulat ion site and stabilization 
of  the rate. The sites were tested in the following order:  
orbi tofronta l  cortex,  amygdala,  lateral hypotha lamus  and 
locus coeruleus. The self-st imulation rate over a period of  
I0 min for each electrode was calculated as a percentage of  
the corresponding mean baseline rate for that e lectrode to 
facilitate comparison between the electrodes.  The plan of  
the exper iments  with intracranial injections was to compare  
the effects of  injections of  spiroperidol  into different  brain 
areas on self-stimulation of  many different  brain sites. In 
this particular exper iment  we used two rhesus monkeys  and 
one of the squirrel monkeys.  For  the rhesus monkeys  2 ul 
of 3 ug/ul spiroperidol  were injected bilaterally into a given 
site. Control  injections of  the solvent (0.01 M tartaric acid) 
were also given. The procedure was as for the 1P injection 
tests. The self-stimulation rate over a period of  10 rain for 
each electrode was calculated as a percentage of  the corre- 
sponding mean control  rate. In the squirrel monkey  the 
procedure was as for the rhesus monkeys  except  that the 
spiroperidol (1 ug/gl in 1 ul volumes) was injected bilater- 
ally until an effect was obtained.  Haloperidol  in a con- 
centrat ion of  2.5 ug/ul was also tested. Addi t ional  experi- 
ments with different  doses were also performed (see Table 
1). 

Histology 

At the conclusion of  the exper iments  every site was 
verified histologically. The animals were anesthet ized with 
Nembutal  and a lesion (0.1 mA, 60 sec) was made to assist 

identif icat ion of  the region in which st imulat ion and 
injections were given. The monkeys  were perfused with 
isotonic saline fol lowed by 10 percent  formal-saline. The 
brains were frozen and sections were cut at 50 u and 
stained with thionin.  As shown in the sections from one of  
the rhesus monkeys  illustrated in Fig. 3, the cannulae aimed 
at orbi tof ronta l  cortex,  lateral hypothalamus and amygdala 
were accurately placed, and the cannulae aimed at the 
nucleus accumbens  ended in this particular monkey  just 
below the nucleus accumbens close to the dura, so that the 
injections probably reached the nucleus accumbens,  but  
self-stimulation did not occur  probably because the stimula- 
tion electrode in protruding from the cannula touched the 
dura. The cannulae aimed at the locus coeruleus appeared 
to end within 2 mm of the locus coeruleus. 

RESULTS 

Intraperitoneal Injection 

Dose-response curves for the effect of  spiroperidol on 
self-stimulation in the rhesus monkeys  and the squirrel 
monkeys  are shown in Fig. 1. In this figure we represent the 
mean and standard error of the rate per rain measured over 
a period of  10 min for each electrode 1 hr after injection in 
both groups of  rhesus and squirrel monkeys.  The results for 
each electrode were expressed as a percentage of  the mean 
control  (i.e. placebo) rate for that electrode. The mean 
rates for each electrode under  the control  condit ion,  and on 
each testing day before  injection, remained constant  
throughout  the experiments .  The exper iments  were re- 
peated twice in rhesus monkey  1 at each drug dose and the 
same results were obtained in the two separate experi- 
mental  sessions (see Fig. 2). 

It is shown in Fig. 1 that in both  the rhesus monkeys  and 
the squirrel monkeys  self-stimulation at all the sites tested 
was severely a t tenuated by a dose of  spiroperidol of  0.062 
or 0. I mg/kg. At the lower dose of  0.016 mg/kg 
self-stimulation at most sites was unaffected,  but self- 
s t imulat ion o f  the orbi tof ronta l  cor tex was a t tenuated  in 
two of  the rhesus monkeys  and one o t  the squirrel 
monkeys.  The typical t ime course of  the a t tenuat ion of  
self-stimulation by spiroperidol,  and the repeatabil i ty of  the 
results are illustrated in the two separate runs of the 
exper iment  in rhesus monkey  1 shown in Fig. 2. The results 
shown in Figs. 1 and 2 suggest that with a dose of  0.016 
mg/kg of  spiroperidol the effect on self-stimulation depends 
on which sell-st imulation site is tested, and suggest that 
orbi tof ronta l  cortex self-stimulation is particularly sensitive 
to dopamine-receptor  blockade. 

Intracranial Injection 

The self-stimulation rate (expressed as a percentage of  
the preinject ion control  rate) for different  sites one hr after 
injection of  solutions of  spiroperidol bilaterally into differ- 
ent brain areas of  the monkeys  is shown in Table I. The 
error figures represent an estimate of  the standard errors 
calculated from l0 one-minute  observations of  self-stimu- 
lation rate; and the significance of  the difference of  these 
observations from the preinjection control  rates using a 
t-test and confirmed with a U test is shown by *p<0.02 or 
+p<0.001.  

The largest effect found with a 6 #g dose was attenua- 
tion of  the rate of  self-stimulation of  the amygdala by 70 
percent by injection into the nucleus accumbens (see Table 
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FIG. 1. Dose-response curves for the effect of IP injections of spiroperidol on self-stimulation rate at different sites in 3 
rhesus monkeys and 2 squirrel monkeys. The self-stimulation rate for a particular electrode is shown as a percentage of the 
self-stimulation rate after a placebo injection, and for the rhesus monkey is the mean of two separate experimental 
determinations of every point. The vertical lines indicate an estimate of the standard error of the ten one-minute 
observations of self-stimulation rate. The self-stimulation electrodes were in the hypothalamus, the orbitofrontal 

cortex, and near the locus coeruleus. 

1). Similar  results ,  and  dose-re la ted effects ,  were seen wi th  
9 gg of  sp i roper idol  in which  the  a t t e n u a t i o n  of  self- 
s t imu la t ion  o f  the  amygda la  was 99 percen t .  This  e f fec t  was 
con f i rmed  wi th  the  squirrel  m o n k e y  in which  5 ~g of  
ha loper ido l  in jec ted  in to  the  same s t ruc tu r e  (nuc leus  
a c c u m b e n s )  to ta l ly  a t t e n u a t e d  se l f - s t imula t ion  of  the  amyg-  
dala. Obse rva t ions  in o t h e r  s t ruc tu res  were t ha t  in jec t ions  
in to  the  o r b i t o f r o n t a l  cor tex  (O. F. Cor t ex )  par t ia l ly  
a t t e n u a t e d  se l f - s t imula t ion  of  the  h y p o t h a l a m u s  (by  46 
pe rcen t )  and  of  the  amygda la  (by  32 pe rcen t ) ,  and 
in jec t ions  in to  the  h y p o t h a l a m u s  a t t e n u a t e d  self-st imu- 
la t ion of  the  amygda la  (by  35 percen t ) .  The re  was never  
any  large effect  of  in jec t ions  o f  sp i roper ido l  in to  the  region 
of  the  locus coeru leus  or  of  in jec t ions  in to  o t h e r  areas on  
se l f -s t imula t ion  o f  the  region of  the  locus coeruleus .  These  
resul ts  were c o n f i r m e d  in add i t iona l  e x p e r i m e n t s  (see Table  
1). The  la tency  for  a measurab le  ef fec t  was 1 0 - 2 0  min,  and  
the effect  reached  its m a x i m u m  at  2 0 - 3 0  min  and 
remained  at th is  level for more  t h a n  4 hr. 

DISCUSSION 

[ntraperitoneal Injections 

The  e x p e r i m e n t  wi th  i n t r ape r i t onea l  in jec t ions  shows 
tha t  in the  m o n k e y  sp i roper idol  a t t e n u a t e s  in t racrania l  
se l f -s t imula t ion  at the  d i f fe ren t  sites tes ted at  doses of  
0 .062 and 0.1 mg/kg. At  the  lower dose  of  0 .016  mg/kg  
some evidence  was o b t a i n e d  t ha t  o r b i t o f r o n t a l  cor tex  
se l f -s t imula t ion  is par t icular ly  sensit ive to  d o p a m i n e -  
r ecep to r  b lockade .  A l though  the  an imals  could still work 
for  glucose at a dose of  0 .062  mg/kg  of  spi roper idol ,  a 
general  effect  of  the  sp i roper idol  on  behav io r  ( such  as a 
m o t o r  i m p a i r m e n t  or seda t ion)  was suspected ,  since at the  
higher  dose of  0.1 mg/kg the  m o n k e y s  looked drowsy.  To 
d e t e r m i n e  w h e t h e r  sp i roper idol  a t t e n u a t e d  se l f - s t imula t ion  
by  this  t ype  of  general  effect  on behav io r  or by  a specific 
effect  on  se l f -s t imula t ion ,  in E x p e r i m e n t  2 sp i roper idol  was 
in jec ted  di rect ly  in to  d i f fe ren t  b ra in  sites. An a t t e n u a t i o n  
of  se l f - s t imula t ion  at  on ly  some se l f -s t imula t ion  sites would  
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show tha t  the  effect  on behav ior  was specific, and would 
provide evidence on the  neural  system which  was involved 
in se l f -s t imula t ion of  these par t icular  se l f -s t imula t ion sites. 

Intracranial Injections 

The  f inding wi th  in t racrania l  in ject ions  of  sp i roper idol  
tha t  se l f -s t imulat ion in the  region of  the locus coeru leus  
was a lmost  una f fec ted  even when  se l f -s t imula t ion at some 
o t h e r  sites was severely a t t e n u a t e d  suggests that  the  
a t t e n u a t i o n  of  se l f -s t imula t ion found  at the  af fected site 
was not  due to a general  effect  on  behav io r  such as m o t o r  
impa i rmen t  or  sedat ion.  In addi t ion ,  a f te r  the tests  for  
se l f -s t imulat ion the  m o n k e y s  were able to per form the 
m o t o r  response task to ob ta in  20 pe rcen t  glucose so lu t ion  
(see Table  1). Thus  it appears  tha t  the a t t e n u a t i o n  of  
se l f -s t imulat ion found  at some sites can not  be expla ined  by 
a single effect  such as m o t o r  i m p a i r m e n t  [81. The  f inding 
that  in ject ions  of  sp i roper idol  in to  the o rb i t o f ron t a l  cor tex  
a t t e n u a t e d  se l f -s t imula t ion of  the amygdala  and lateral 
h y p o t h a l a m u s  suggests tha t  the o rb i t o f ron t a l  cor tex  is 
involved in se l f -s t imula t ion of  some l imbic s t ructures .  This 
suggest ion is cons i s ten t  wi th  first, the e lec t rophysio logica l  
f indings tha t  single uni t s  in the  o r b i t o f r o n t a l  cor tex are 
act ivated in se l f -s t imulat ion of  the  lateral h y p o t h a l a m u s  
and amygdala  and vice versa [ 3 ] ,  second,  tha t  anes thet i -  
za t ion  of  the sulcal p re f ron ta l  cor tex in the  rat  (which  may 

Or  b i t o f r o n t a l  N u c l e u s  a c c u m b e n s  
C o r t e x  

A r n y g d a l a  L a t e r a l  H y p o t  h a l a m u s  

FIG. 3. Sites of cannulae used for injection and for stimulation in the rhesus monkey. No self-stimulation occurred at the 
nucleus accumbens site in this monkey, because the stimulation site was close to the base of the brain. 
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cor respond  to the o rb i t o f ron t a l  cor tex  of  the m o n k e y )  [7] 
a t t e n u a t e d  se l f -s t imula t ion of  the lateral h y p o t h a l a m u s  
[ 1 0 ] ,  third,  tha t  there  are dopaminerg ic  te rminals  in the  
region of  the p re f ron ta l  cor tex  in the rat  [ ! 5 ], and four th ,  
tha t  single cells in this p re f ron ta l  region which  are ac t ivated  
dur ing se l f -s t imula t ion of  the  lateral h y p o t h a l a m u s  of  the  
rat a l ter  thei r  firing rate when  a dopaminerg ic  agonist  
{apomorph ine )  or an tagon is t  ( sp i roper ido l )  is admin i s t e red  
systemical ly  in low doses (personal  observat ions) .  Thus,  

dopaminerg ic  connec t i ons  to  the  o rb i t o f ron t a l  cor tex  may 
be involved in se l f -s t imula t ion of  a n u m b e r  of  d i f fe ren t  
sites. 

A l though  it is di f f icul t  to in te rpre t  at this  stage, it is of  
interest  tha t  in ject ions  into the  nucleus  a c c u m b e n s  and 
lateral h y p o t h a l a m u s  a t t e n u a t e d  se l f -s t imulat ion of  the  
amygdala.  It is k n o w n  that  single uni t s  in these two areas 
are ac t iva ted  dur ing se l f -s t imula t ion  [ 3 ]. 
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