
Pharmacology Biochemisto" & Beharior, Vol. 19, pp. 211-217, 1983. ' Ankho International Inc. Printed in the U.S.A. 

Effects of Agonists and Antagonists 
of D1 and D2 Dopamine Receptors 

on Self-Stimulation of the 
Medial Prefrontal Cortex in the Rat 

J. M. R. FERRER, A. M. SANGUINETTI,  F. V I V E S  A N D  F.  M O R A  ~ 

D e p a r t m e n t  o f  Phys io logy ,  Fac ld ty  o f  Med ic ine ,  Univers i ty  o f  Granada ,  Granada ,  Spain  

R e c e i v e d  28 A u g u s t  1982 

FERRER, J. M. R., A. M. SANGUINETTI,  F. VIVES AN D F. MORA. l£Jf~k, cts ofagonists and antagonist.~ ~ffDI and D2 
dopamine receptors on serf:stimulation of  the medial pr~fi'ontal ('ortex in the rat. PHARMACOL BIOCHEM BEHAV 
19(2) 211-217, 1983.--The possible participation of D1 versus D2 dopamine receptors in mediating dopaminergic neuro- 
transmission of self-stimulation (SS) in the medial prefrontal cortex (MPC) of the rat was studied neuropharmacologically. 
Intracerebral as well as intraperitoneal injections ofagonists and antagonists of dopamine receptors were used in this study. 
In all experiments performed with systemic injections, spontaneous motor activity (SM) was measured parallel to self- 
stimulation behavior as control for non specific effects of the drugs. Intracranial injections were done unilaterally serving 
SS of the contralateral side (not injected or injected with 0.9~7~ NaCI) as control in the same animals. Spiroperidol and 
pimozide were used as D1-D2 dopamine antagonists, while sulpiride was used as a specific D2 antagonist. Apomorphine 
was used as DI-D2 agonist, while bromocriptine and lergotrile were used at doses in which these ergot drugs are considered 
predominantly D2 agonists. Sulpiride, intraperitoneally or intracerebrally injected at the same locus at which the stimulat- 
ing electrode was located produced no effect on SS. On the contrary, the D1-D2 antagonists, spiroperidol and pimozide 
intraperitoneally or intracerebrally injected produced a dose-dependent decrease on SS. On the basis of these data it is 
suggested, that the dopamine neurotransmission involved in SS of the MPC is mediated via DI dopamine receptors. This 
suggestion is further emphasized by the results obtained with the agonists, apomorphine, bromocriptine and lergotrile. 
Apomorphine produced a dose-related decrease on SS and a decrease at lower doses and an increase at higher doses on 
SM. Bromocriptine and lergotrile had, on the contrary, no effect on SS and a dose-related decrease on SM. 
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T H E R E  is s t rong e v i d e n c e  in suppor t  of  the  idea tha t  
d o p a m i n e  [16] and  poss ib ly  ace ty lcho l ine  [21] are par t  of  the 
n e u r o c h e m i c a l  subs t r a t e s  under ly ing  se l f -s t imula t ion  (SS) in 
the  medial  p re f ron ta l  cor tex  (MPC)  o f  the  rat  [3, 17, 23, 25, 
27]. The re  is also e v i d e n c e  for  the ex i s t ence  of  two dif ferent  
types  of  d o p a m i n e  r ecep to r s  (DI ,  D2) in the  media l  and  sul- 
cal p re f ron ta l  co r t ex  18,29] be ing  the i r  ma in  different ia l  char-  
ac te r i s t ic  tha t  DI r ecep to r s  are l inked to c y c l i c - A M P  and D2 
recep to r s  are not  I9]. 

Mapp ing  bra in  areas  for regional  d i s t r ibu t ion  o f  these  two 
types  o f  r ecep to r s  has  s h o w n  tha t  bo th  coexis t ,  a l though  in 
d i f ferent  p ropor t ion ,  in the  major i ty  o f  bra in  a reas  ana lyzed  
I8]. Tass in  et al. [29] have  repor ted  tha t  the  h ighes t  c o n c e n -  
t ra t ion  o f  d o p a m i n e  act ivi ty  in sulcal  and media l  p re f ron ta l  
co r t ex  was l inked to cyc l i c -AMP,  tha t  is to DI recep tors .  
I ve r sen  I8] has  con f i rmed  this  o b s e r v a t i o n  showing  tha t  
the re  are a high dens i ty  of  DI r ecep to r s  ve r sus  bare ly  de tec-  
t ible D2 r ecep to r s  in the p re f ron ta l  co r t ex  o f  the  rat .  

In view of  the  a b o v e  m e n t i o n e d  repor t s  showing ,  first ,  
tha t  d o p a m i n e  is i nvo lved  in SS of  the MPC [17] and  second ,  

~To whom requests for reprints should be addressed. 

tha t  there  are bo th  types  of  r ecep to r s  (D1 and  D2) in tha t  
same  area  of  the  bra in  [8,291, the purpose  of  the  p re sen t  
inves t iga t ion  was to de t e rmine  neu ropha rmaco log i ca l l y  
w h e t h e r  the  dopamine rg ic  n e u r o t r a n s m i s s i o n  invo lved  in SS 
o f  the  MPC is med ia ted  via DI or  D2 or  bo th  types  o f  recep-  
tors .  

METHOD 

Male Sprague-Dawley  rats ,  weighing 200-250 g at the 
t ime o f  ope ra t ion  were used in these  e x p e r i m e n t s .  The  rats  
were  housed  in individual  wire mesh  cages  with food and  
w a t e r  ad lib. Fifty nine rats  were  implan ted  u n d e r  Equ i thes in  
a n a e s t h e s i a  (2 ml/kg IP) wi th  bi lateral  m o n o p o l a r  s t imula t ing 
e l ec t rodes  m a d e  of  00 ga s ta inless  steel pins.  The  e lec t rodes  
were  implan ted  in the  MPC.  The  coo rd ina t e s ,  der ived  from 
the at las of  K6nig  and  Klippel  [ 11 ] and  using b regma  as the 
r e fe rence  point ,  were  2.4 m m  an te r io r  to b regma ,  0.8 mm 
lateral  to the midl ine  and  4.0 m m  b e n e a t h  the dura.  A n o t h e r  
g roup  of  twe lve  ra ts  were  implan ted  wi th  e l ec t rodes  plus 
guide cannu lae  p laced bi la teral ly  into the  MPC.  The  tip o f  
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the cannulae were positioned 1 mm in front and 2.5 mm 
above the tip of the ipsilateral electrode. The cannulae were 
made of 23 ga stainless steel tubing. 

One week after surgery the animals were daily tested for 
SS and spontaneous motor activity (SM) in boxes that were 
26×29×36 cm. In SS, the reinforcer for every lever press 
consisted of a train (0.3 sec duration) of monphasic 
rectangular negative pulses (0.5 msec duration) at 100 Hz, 
provided by a Letica stimulator LI-200. Current intensity 
(ranging among animals between 0.1-0.6 mA) was monitored 
on an oscilloscope (Telequipment D61a) and adjusted indi- 
vidually for each animal after a rate-intensity curve was per- 
formed. The current for SS was set to be at the middle point 
in the rate-intensity curve (see [18,19] for an example). Prior 
to a SS session, SM was recorded automatically for each 
animal from contacs in the floor of a motility chamber. Since 
in this study, drugs which interfere with dopaminergic mech- 
anisms were injected, SM was measured as control for non- 
specific effects such as sedation or motor impairment. 

The injections of drugs began after a period of 14 days in 
which control of SM and SS was reproduced every day. In 
the first series of experiments we investigated the effects of 
intraperitoneal injections of spiroperidol and sulpiride on SS 
of the MPC and SM. Spiroperidol dissolved in 1/100 M tar- 
taric acid was used at the doses of 0.016, 0.032, 0.064 and 
0.128 mg/kg. Sulpiride, dissolved in 0.9% NaC1 with a few 
drops of acetate/acetic buffer, was used at the doses of 1, 5, 
10, 20 and 40 mg/kg. Spiroperidol, a specific dopamine re- 
ceptor blocker at the doses used in this study [1], is an 
antagonist of both D1 and D2 receptors [9]. Sulpiride at the 
doses mentioned above, is considered to be a selective D2 
antagonist [5,8]. 

The rats were tested as follows: (a) SS and SM were 
recorded every day at the same time in the morning. The 
animals were tested first for fifteen minutes (min) for SM 
followed by fifteen min for SS, measurements being re- 
corded for the last ten rain of each session. (b) The animals 
were injected with spiroperidol every four days and with 
sulpiride every three days. (c) On the day of injection, 
spiroperidol was administered two hours and sulpiride four 
hours before SM and SS session started [20,28]. 

In a second series of experiments investigations were 
carried out to analyze the effects of intracerebral adminis- 
tration of pimozide [1] and sulpiride [5,8] into the MPC, at 
the same location of the tip of the electrode (see above). 
Sulpiride in these experiments, was used at the doses of 10, 
20 and 40 p~g/tzl and dissolved as described previ- 
ously. Pimozide (an antagonist of both D1 and D2 receptors) 
was used at the doses of 1, 2 and 4 ~zg//xl and dissolved in 
1/100 M tartaric acid. For microinjections an inner 27 ga 
injector cannula was lowered into the guide cannula. The 
injector was connected by way of a polyethylene tubing 
(PE20) to a 10 microliter Hammilton syringe mounted on a 
Harvard infusion pump. The microinjections were made uni- 
laterally fifteen rain before SS test started [15]. As a control 
for possible motor impairment caused by the drugs, SS, con- 
tralateral to the injected side was also tested in the same 
animals. All drugs were delivered in a total volume of 1 tzl 
over a period of 30 sec 122]. 

A third block of experiments consisted of investigating 
the effects of subcutaneous injections of apomorphine, ler- 
gotrile and bromocriptine on SS of the MPC and SM. 
Apomorphine was used at doses of 0.075, 0.15, 0.3, 0.6 and 
1.2 mg/kg dissolved in 0.9~ NaC1 with 0.5 mg/ml of ascorbic 
acid. Lergotrile and bromocriptine were used at doses of 1, 
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FIG. 1. Dose-related decrease produced by intraperitoneal injec- 
tions of spiroperidol on SS obtained from the MPC and SM in a 
group of 4 rats. The vertical lines indicate the standard error of the 
mean. 

2, 4 and 8 mg/kg dissolved in distilled water with a few drops 
of 70% ethanol. SM and SS were recorded ten rain after 
apormorphine administration [13] and twenty min after ler- 
gotrile and bromocriptine administration, using the same 
time, experimental design and testing procedures as the ones 
described for the systemic injections of dopamine 
antagonists. At the doses used in these experiments apomor- 
phine is considered an agonist of both D1 and D2 receptors 
[8,9] and lergotrile and bromocriptine are predominantly D2 
agonists [8]. 

At the end of the experiments the location of the elec- 
trodes and cannulae was verified histologically [10] (see 
Figs. 8 and 9 for a histological example and a schematic 
representation of the stereotaxic planes at which the elec- 
trodes and cannulae were located). The results were statisti- 
cally analyzed using analysis of variance and Dunnett 's test. 

RESULTS 

In order to compare the effects of drugs on SS and SM on 
the same scale, the results are expressed in percentage of 
control. The rate for SS ranged from 305 to 509 presses in 10 
min. The counts for SM in 10 min ranged from 180 to 295. 

EJJ'ects (~/'hztraperitoneal and Intracerebral h~/ections q[" 
Spiroperidol and Pimozide on SS o f  tit(" MPC and SM 

Figure 1 shows the effects of intraperitoneal injections of 
spiroperidol on SS and SM. As it can be seen in that figure, 
spiroperidol produced in both parameters, SS and SM, a 
decrease which was dose-related. On the contrary, microin- 
tracranial injections of pimozide at the same locus at which 
the tip of the electrode was located, produced a dose-related 
decrease of SS in the injected side, while the contralateral 
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FIG. 2. Effects of intracranial injections of pimozide into the medial 
prefrontal cortex on SS of the ipsilateral and contralateral (not in- 
jected) MPC in a group of 4 rats. The vertical lines indicate the 
standard error of the mean. 
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standard error of the mean. 

side (not  in jec ted)  was  not  s ignif icant ly affected by the drug 
(see Fig. 2). 

Effects o f  Intraperitoneal and lntracerebral ln.jections of 
Sulpiride on SS of the MPC and SM 

Figure  3 shows  the  effects  of  in t raper i tonea l  in jec t ions  of  
sulpir ide on  SS and  SM. Sulpir ide p roduced  no effects  on  SS 
at the  doses  of  1 ,5 ,  10 and 20 mg/kg. H o w e v e r  at the dose  o f  
40 mg/kg SS was signif icant ly d e c r e a s e d  (0<0.05) .  Similar  
effects  were  p r o d u c e d  by sulpir ide on  SM. This  p a r a m e t e r  
was  not  af fected at the doses  of  1, 5 and  10 mg/kg, h o w e v e r  
was s ignif icant ly  d e c r e a s e d  at the fol lowing doses  of  20 and  
40 mg/kg (0<0 .01  and  p < 0 . 0 5  respec t ive ly) .  

F igure  4 shows  the  effects  of  mic ro in t rac ran ia l  and  unilat-  
eral  in jec t ions  of  sulpir ide on SS of  the  MPC.  No  signif icant  
effects  were  found  on  SS in e i the r  side af te r  uni la teral  micro-  
in jec t ions  of  10, 20 and  40/xg/p.l (see Fig. 4). 

EJfects of Subcutaneous Injections of Apomorphine, 
Bromocriptine and Lergotrile on SS of the MPC and SM 

Figure  5 shows  the  dose - re l a t ed  dec rease  p r o d u c e d  by  
a p o m o r p h i n e  on  SS of  the  MPC.  SM,  on the  con t r a ry ,  had  
c lea r  b iphas ic  effects  d e p e n d i n g  on  the  range  of  doses  used.  
Thus ,  at the  doses  o f  0.075 and  0.15 mg/kg SM was signifi- 
cant ly  d e c r e a s e d  (p<0 .01)  whi le  at the  doses  of  0.3, 0.6 and  
1.2 mg/kg moti l i ty  was  c lear ly  faci l i ta ted reach ing  s tat is t ical  
s ignif icance at  the  h ighes t  dose  (p<0.01) .  

F igure  6 shows  the effects  of  s u b c u t a n e o u s  in jec t ions  of  
b romocr ip t ine .  As it can  be seen  in tha t  f igure,  SS was  not  
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standard error of the mean. 

a f fec ted  by the  drug while  SM was s ignif icant ly  d e c r e a s e d  at 
the  four  doses  used  o f  1, 2, 4 and  8 mg/kg (p<0.05) .  Similar  
effects  were  found  wi th  lergotri le  (see Fig. 7) a n o t h e r  ergot  
drug,  at  the  doses  o f  1, 2, 4 and  8 mg/kg. The  d e c r e a s e  of  SM 
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FIG. 7. Effects of subcutaneous injections oflergotrile on SS of the 
MPC and SM in a group of 4 rats. The vertical lines indicate the 
standard error of the mean. 

under  the effects of lergotrile at the same doses than those of 
bromocript ine was more pronounced q~<0.001). 

DISCUSSION 

The  purpose  of  the p re sen t  work  was to clarify 
neu ropha rmaco log ica l l y  the  poss ib le  se lec t ive  i nvo lvemen t  
o f  D1 d o p a m i n e  recep to r s  ve rsus  D2 or  pe rhaps  bo th  al- 
toge the r  in the  dopamine rg ic  media t ion  of  SS of  the MPC.  

Up  to date  there  is no ev idence  for  the  ex i s t ance  of  selec- 
t ive an tagon i s t s  of  DI d o p a m i n e  r ecep to r s  [8,9]. Spiroper idol  
(a b u t y r o p h e n o n e  der iva t ive)  and p imozide  (a d iphenyl-  
bu ty l amine  der iva t ive )  [31] are bo th  D1-D2 d o p a m i n e  recep-  
tors  b lockers ,  the re fore ,  bo th  drugs  were  used as such  in this 
s tudy.  

Spi roper idol  p roduced  a dose  re la ted  inhibi t ion of  bo th  SS 
and  SM. The  a t t enua t i on  of  SS found  in this s tudy is in 
ag reemen t  wi th  p rev ious  repor t s  on  the  effects  of  this com- 
pound  on  SS of  the  pref ronta l  cor tex  in m o n k e y s  as well as 
SS of  o the r  d i f ferent  a reas  of  the bra in  in the  rat  [24,26]. The  
fact  tha t  SM was also affected in a dose - re la ted  m a n n e r  
suggests  tha t  the dec rease  o f  SS could be due to a non  spe- 
cific effect ( seda t ion  of  m o t o r  impa i rmen t  o f  the animals) .  
This  in t e rp re ta t ion  is e m p h a s i z e d  by repor t s  showing  a de-  
c rease  of  m o t o r  pe r fo rmance  in a var ie ty  of  d i f ferent  ope ran t  
behav io r s  u n d e r  the effects  of  d o p a m i n e  r ecep to r  b lockers  
[26]. The  fact  tha t  these  drugs  (i .e. ,  sp i rorper idol )  b lock  
d o p a m i n e  recep to r s  in the n igros t r ia ta l  pa thway  tknown  to 
be invo lved  in ex t r apy ramida l  m o t o r  m e c h a n i s m s )  fu r the r  
suppor t s  such  an in te rp re ta t ion  [2,30]. H o w e v e r ,  it is also 
poss ib le  tha t  if b lockade  o f  d o p a m i n e  r ecep to r s  in the  MPC 
also p roduces  an  inhibi t ion of  SS this  effect  could be masked  
by the  m o t o r  impa i rmen t  of  the animals .  In a r ecen t  publica-  
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FIG. 8. Schematic representation of the stereotaxic planes at which the electrodes and cannulae were located. The outlines were taken from 
the atlas of K6nig and Klippel. Dots represent the average location oflhe tips of electrodes in the MPC in the four different groups of rats used 
in this study. 

FIG. 9. Photograph showing an example of electrode placement. The arrows indicate the location of the electrodes in the deeper layers of the 
MPC. 
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tion [20] we have reported data  in favor  of  such an interpre- 
tation. In that last study [20] we showed that an anticholin- 
ergic, dexet imide,  was able to antagonize the motor  inhibi- 
tion produced by spiroperidol but not SS of  the MPC 
suggesting therefore  that spiroperidol could block SS of  the 
MPC select ively and not secondary to motor  impairment.  
Despi te  of  that, we a t tempted in this study to clarify further 
this problem injecting pimozide direct ly into the brain at the 
same locus where  the tip of  the e lec t rode  is located.  This 
exper imenta l  approach would provide a direct ev idence  on 
whether  the drug is acting directly on the neural substrates of  
SS in the MPC. As it has been shown in the results section,  
SS of  the injected side was decreased  in a dose-related man- 
ner  while SS contralateral  to the injected side was not signif- 
icantly affected. In conclusion,  this last finding would 
suggest further  the specificity of  effects  p roduced  by D1-D2 
receptors  antagonists  on SS of the MPC. 

Sulpiride, a select ive D2 antagonist  and used at doses at 
which clear effects had been descr ibed on dopamine  turn- 
ove r  [5, 7, 8, 28], produced no effects on SS. Only at a very 
high dose,  i .e.,  40 mg/kg, would an effect be seen. Since 
spontaneous  motor  behavior  was significantly decreased at 
doses  of  20 and 40 mg/kg it is unlikely that the decrease  
found on SS at the dose of  40 mg/kg was due to the specific 
effects  of  sulpiride on SS. The suggestion,  inferred from the 
intraperi toneal  injections,  that sulpiride produces  no effect 
on SS was further  conf i rmed by microintracranial  injections 
of  sulpiride into the MPC. Contrary to the effects produced 
by pimozide (D1-D2 antagonist) sulpiride, in the range of  
doses  used, produced no effect on SS, therefore  the conclu-  
sion of  this second block of  exper iments  is that the blockade 
of  D2 dopamine  receptors  do not interfere with the 
dopaminergic  neurotransmiss ion involved in SS of  the MPC 
and suggests further  that the effects  of  the D1-D2 dopamine 
receptor  blockers  on SS of  this same area of  the brain are due 
to their  action on DI dopamine  receptors .  These  conclus ions  
are further  suggested by the results obtained with dopamine 
agonists  (see below). 

Apomorph ine  used in these exper iments  as a DI-D2 re- 
cep tor  agonist  produced a decrease  of  SS which was dose- 
dependent .  Motor  act ivi ty under the effects of  apomorphine  

produced a decrease  at lower doses  and an increase at higher 
doses.  These  effects of  apomorphine  on SM agrees with 
previous  reports  [6]. That the effects produced by apomor-  
phine on SS seem specific or  at least,  not due secondari ly to 
motor  dysfunct ion or  s tereotypy,  is based on our previous 
reports  in rats and monkeys  in which SS of  the caudate-  
putamen under  the effects of  apomorphine  was not affected, 
and even facili tated, in the same animals at which SS of the 
MPC had a similar decrease  as the one reported here I13,14]. 
This view would also be supported by exper iments  in which 
we showed that the spontaneous firing rate o f  neurons in the 
area were  the e lect rodes  support ing SS in MPC are located is 
inhibited by the systemic injections of  apomorphine  [14]. 

Bromocr ip t ine  and lergotrile, used as D2 agonists [9] had 
no effects on SS of  the MPC. Interestingly,  however ,  SM 
was significantly decreased in the same animals. The effects 
of  these ergot drugs on SM have been previously descr ibed 
in the li terature [6] and agree fully with the effects reported 
in this study. 

The main conclus ion from this study is that agonists as 
well as antagonists  that seem to act predominant ly  on D2 
receptors  have no effects on SS of  the MPC. Since on the 
o ther  hand, drugs that act on D1-D2 receptors  have inhibi- 
tory effects on SS of  the MPC it is inferred that these effects 
are mediated through act ivat ion of  D1 dopamine receptors.  
This conclus ion is not, however ,  a definitive s tatement  in 
view of  the fact that recently has also been described the 
exis tence of  a third type o f d o p a m i n e  receptor  (D3 receptors)  
[14]. An interesting and final point which arises from this 
study is the fact that both, antagonists as well as agonists of  
DI receptors ,  produced the same type of  effect,  that is, an 
inhibition of  self-stimulation. A theoret ical  interpretation of  
such effects have been analyzed in detail and published 
e lsewhere  [17]. 
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