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Abstract. A receptor selective agonist and antagonist of  
inhibition-mediating dopamine receptors (type II  re- 
ceptors) produced significant and dose-related alte- 
rations in bar-pressing for intracranial reward. 
Receptor inhibition by piribedil increased responding 
for reward while receptor activation by 3,4- 
dihydroxyphenylamino-2-imidazoline reduced re- 
sponding. Inhibition-mediating receptors may there- 
fore play a role opposite to classic excitation-mediating 
receptors in controlling reward. 
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Two pharmacologically, anatomically, and electro- 
physiologically distinctive classes of dopamine (DA) 
receptor have been identified in the central nervous 
system (Costall and Naylor,  1975, 1976; Costentin et 
al., 1975; Cools and Van Rossum, 1976). These re- 
ceptors have been classified as type 1 and 2 by Costall 
and Naylor,  who described different patterns of  be- 
havioral activation and stereotypy depending upon the 
relative degree of occupation of these receptor classes. 
Cools and Van Rossum (1976), using a variety of  
criteria, including neurophysiological responses and 
behavioral differences, proposed that these receptors 
are excitation or inhibition mediating. 

Type 1, or excitation-mediating (EM) receptors, are 
activated by apomorphine and inhibited by haloperidol 
and other butyrophenones. These have been more 
widely investigated psychopharmacologically than 
type 2, or inhibition-mediating (IM) receptors. They 
are activated by (3,4-dihydroxyphenylamino)-2- 
(imidazoline) (DPI) and blocked by piribedil (ET-495; 
l-(2-pyrimidil)-4-piperonyl piperazine). 

A role for EM-DA (i.e., type 1) receptors in the 
control of  reward has been clearly established. The EM- 
DA stimulant apomorphine is readily self administered 
(Baxter et al., 1974). Additional support  for an EM-DA 
reward hypothesis comes f rom numerous pharmaco-  
logic manipulations of  self-stimulation, in which EM- 
DA agonists and antagonists respectively increase or 
decrease rates of  responding for reward (Wauquier and 
Niemegeers, 1972; Leibman and Butcher, 1973; St. 
Laurent et al., 1973; Broekkamp and Van Rossum, 
1974; Herberg et al., 1976; Phillips et al., 1976). 

Since the specific contributions of  IM-DA receptors 
in reward motivation have not been fully or systemati- 
cally investigated, we have examined the effects of  an 
IM selective receptor agonist and antagonist upon 
responding for rewarding brain stimulation. Our find- 
ings support  a role that is converse to the role of  EM- 
DA receptors. 

Materials and Methods 

Subjects. Twelve adult male Sprague Dawley rats (Charles River, 
Portage, MI, U.S.A.) - 300-450 g each - were maintained with 
food and water continuously available and automatically pro- 
grammed lighting cycles of i2 h light/12 h darkness. 

Surgery. Subjects were anesthetized with 35 mg/kg sodium pentobar- 
bital (Nembutal) administered i.p. Each subject received a stereotaxic 
implant with a single bipolar stainless steel electrode made of 0.005- 
mm diameter wire insulated to the tip (Yissum Co., Haifa, Israel). All 
electrodes were aimed at the substantia nigra and subjects were 
allowed 1 week to recover prior to any testing. 

Apparatus. Subjects were tested in 20 x 25 x 30 cm wooden chambers 
with plexiglass tops. A single 8.9-cm wide lever was located 6.7 cm 
from the chamber floor, and operated a microswitch with an 
operating requirement of 25.0 g. A constant level of approximately 
30 dB background noise was provided by a ventilating fan. 

Drugs. DPI was injected in doses of 0, 1.25, 2.5, and 5.0 mg/kg and 
piribedil was injected in doses of 0, 25, 50, and 100mg/kg. All 
injections were administered i.p., 1 ml/kg in 0.9 % sodium chloride 
vehicle, between minutes 25 and 30 of a self-stimulation session. 
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Fig. 1. Composite histology for self-stimulating animals (n = 9). 
Definitive visualization of two sites was impossible, one site is 
approximately 1 mm caudal to the plane (plane is redrawn after 
Fig.44b of Konig and Klippel, 1964) = 2580 g from ear bar zero 

Dosages were based both upon previously published reports and pilot 
studies in our own laboratory (Garattini et al., 1974; Poignant et al., 
1974; Thornburg and Moore, 1974). 

Behavioralprocedure. Subjects were initially trained to bar press for a 
reinforcement of intracranial reward. Each reinforcement consisted 
of a 0.2-s train of 60 cycle/s sinusoidal current delivered through a 
50 f2 resistor and across a zero-crossing relay to maintain appro- 
ximately constant current conditions. Current was continually moni- 
tored through a 100-~2 resistor in series with the subject upon a 130-B 
Hewlett-Packard oscilloscope. 

All subjects were given five 220-rain training sessions spaced 48 h 
apart. During this initial period current was adjusted so that each 
subject responded at a high, stable rate (1,000 - 3,500 responses/per 
hour). Final current values ranged from 50-150 laA. Subjects were 
divided into two groups, each of which received four treatments of 
either DPI or piribedil. Responses were recorded continuously for all 
sessions, and were analyzed as 30-rain blocks. 

Statistics. Drug effects upon performance were initially transformed 
to individual percentage of vehicle (0 mg/kg) performance so as not to 
weight unduly the high or low responders. Statistical analysis was by 
Friedmans two-way ANOVA (Siegel, 1956). 

Histology. At the close of testing, all subjects were injected with an 
overdose of sodium pentobarbital, and perfused initially with normal 
saline and subsequently with formalin-alcohol-acetic acid fixing 
solution (Luna, 1960). The brains were removed, sliced in 40-1a sec- 
tions and stained with cresyl violet. Microscopic examination reveal- 
ed that all sites were located close to or within the substantia nigra 
(Fig. 1). 

Results 

The  two drugs  b o t h  h a d  s ign i f ican t  effects u p o n  bar -  
p ress ing  for  reward .  D P I  r educed  ra tes  o f  r e s p o n d i n g  in  
a graded ,  dose - re la ted  m a n n e r  (Fig.  2) (x ~ r = 10.5, df 
= 3, P < 0.02). P i r ibedi l  also p r o d u c e d  a s ign i f ican t  
effect (x2r = t2 .2 ,  df= 3, P <  0.01), which  in  genera l  
r epresen ted  a n  increase  in  rates,  a l t h o u g h  i n s p e c t i o n  o f  
Fig.  3 ind ica tes  tha t  some  suppre s s ion  o f  r e s p o n d i n g  
occur red  at the lowest  dose o f  drug.  I n d i v i d u a l  response  
records  were r eana lyzed  af ter  the  h i s to logy  was corn-  
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Fig. 2. Dose-response relationship for DPI upon self-stimulation at 
substantia nigra. All data are presented as % mean plus % standard 
error. Drug is administered at I (rain 25-  30) 
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Fig. 3. Dose-response relationship for piribedil upon self-stimulation 
at substantia nigra. All data are presented as % mean plus 
standard error. Drug is administered at I (min 25-30) 

pleted.  Pa r t i cu l a r  a t t e n t i o n  was pa id  to the three  mos t  
dorsa l  sites, all o f  which  a p p e a r e d  to be ex te rna l  to the  
s u b s t a n t i a  n igra .  R e s p o n s e  rates  for  these sites were 
be low the  m e d i a n  va lue  ( 1 , 0 0 0 - 1 , 2 5 0  responses  per  
hour ) ,  however ,  in  all  cases D P I  i nh ib i t ed  r e s p o n d i n g  
while  p i r ibedi l  fac i l i ta ted  it. I n f o r m a l  o b s e r v a t i o n s  of  
p i r ibed i l - t r ea ted  a n i m a l s  ind ica ted  a s ign i f ican t  in-  
crease in  s t e reo typed  sni f f ing i m m e d i a t e l y  af ter  in-  
j ec t ion .  N o  o the r  changes  in  b e h a v i o r  were no ted .  

Discussion 

Prev ious  studies,  e m p l o y i n g  several  p s y c h o p h a r m a c o -  
logic t echn iques ,  have  suggested t ha t  E M - D A  receptors  
are  i n v o l v e d  in  reward.  A p o m o r p h i n e ,  a relat ively pu re  
E M - D A  agon i s t  (Cools  a n d  V a n  R o s s u m  1976) is 
readi ly  self admin i s t e red .  I t  m a y  be c o n c l u d e d  f r o m  this 
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f inding tha t  cont ingent  occupa t ion  of  E M - D A  re- 
ceptors  is sufficient for  the main tenance  o f  a reinforce-  
ment  cont ingency.  Othe r  studies indicate  tha t  a p o m o r -  
phine  faci l i tates in t rac ran ia l  reward.  F o r  example ,  
B r o e k k a m p  and  Van  R o s s u m  (1974), St. Lau re n t  et al. 
0973) ,  and  Herbe rg  et al. (1976) all r epor t  increased 
response  rates after  a wide range o f  a p o m o r p h i n e  doses. 
This  response  fac i l i ta t ion  is site specific, involving a 
number  o f  areas  outs ide  o f  es tabl i shed  D A - c o n t a i n i n g  
cells and  fibers, in add i t i on  to D A - c o n t a i n i n g  systems. 
On the o ther  hand,  E M - D A  recep tor  an tagonis ts ,  e.g., 
pheno th iaz ine  and  b u t y r o p h e n o n e  neurolept ics ,  reduce 
in t rac ran ia l  reward ,  and  again  bo th  dopamine -  
con ta in ing  regions  of  the centra l  nervous  system and  
ex t r adopamine rg i c  sites m a y  be involved (e.g., 
W a u q u i e r  and  Niemegeers ,  1972). Again ,  this is con-  
sistent with the E M - D A  hypothesis .  F ina l ly ,  careful  
examina t i on  o f  s t r ia ta l  D A  sensitive sites that  suppor t  
se l f -s t imula t ion  indicates  a high coincidence  between 
cont ravers ive  tu rn ing  and  reward.  Cont ravers ive  turn-  
ing to s t imula t ion  is also E M - D A  med ia t ed  (Cools  and  
Van  Rossum,  1976). 

The  present  s tudy examined  a second dis t inct ive 
class o f  D A  receptors  for  their  poss ible  role in in- 
t rac ran ia l  re inforcement .  Our  results  show tha t  I M - D A  
recep to r  b lockade  by pi r ibedi l  increased ICS while I M -  
D A  recep tor  ac t iva t ion  by D P I  had  an oppos i te  effect. 
To our  knowledge  this is the first behav io ra l  effect 
shown for D P I  after  systemic injection.  These results 
with agonis ts  and  an tagonis t s  o f  a second system are 
the  reverse o f  those  found  for E M - D A  active drugs.  

The present  results  suggest  tha t  the op t ima l  pro-  
cesses in se l f -s t imulat ion are  all exci ta tory .  A net  
increase in D A  exci ta t ion m a y  be achieved th rough  
ei ther  o f  two  systems,  one o f  which act ivates  exci ta tory  
receptors  and  a second o f  which inhibi ts  inh ib i to ry  
receptors .  Both  increase net  exci ta t ion and  cont r ibu te  
to behav io ra l  faci l i ta t ion.  Cools  and  Van  R o s s u m  
(1976) have p r o p o s e d  a mode l  which incorpora te s  these 
findings. Behaviora l ly  oppos i t e  effects for  E M  and  IM-  
D A  receptors  have been found,  for  example ,  in the so- 
cal led tu rn ing  synd rome  (op cit.). These au tho r s  predic t  
a number  of  cases o f  faci l i ta t ion and inhibi t ion  across  
r ecep to r  types, bo th  cl inical ly and  precl inical ly,  and  
s imilar  p red ic t ions  might  be m a d e  for  se l f -s t imulat ion 
as well. F o r  example ,  a p o m o r p h i n e  and  p i r ibedi l  might  
be p red ic ted  t o  have a cumula t ive  effect u p o n  reward  
and,  conversely,  D P I  and  p imoz ide  to have a cumu-  
lative inh ib i to ry  effect. Both  these pred ic t ions  and 
add i t iona l  ana tomica l  studies are  suggested by the 
present  results.  
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