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NAKAJIMA, S AND G M McKENZIE Reduction of the rewarding effett of brain snmulatton by a blockade of 
dopamme DI receptor with SCH 23390 PHARMACOL BIOCHEM BEHAV 24(4) 919-923, 1986.--The subtype of 
dopamme receptor related to the rewarding effect of brmn stimulation was determined m 17 rats The ammals were trained 
to contact a dry spout to receive stimulat~on through electrodes ~mplanted unto the lateral hypothalam~c area, ventral 
tegmental area, or dorsal raphe nucleus The dopamme DI blocking agent SCH 23390, 0 08 mg/kg IP, completely suppressed 
responding The D2 receptor blocker sulpmde, 50 mg/kg IP, or the serotonm receptor blocker metergohne, 5 mg/kg IP, d~d 
not suppress responding The ED50 for SCH 23390 was 0 022 mg/kg IP In a runway, rats were trained to run for rewarding 
goal stimulation consisting of a train of pulses dehvered to the lateral hypothalamus After rejection of SCH 23390, 0 01 
mg/kg IP, ammals showed stgmficantly slower running speed, but their speed returned to normal ff the number of pulses m 
the goal st~mulaUon was increased 2 6 t~mes These results indicate that blockade of DI receptors, but not D2 receptors, 
reduces the rewarding effect of brmn sumulatton 

Brmn stlmulat~on reward Dopamtne DI receptor D2 receptor Metergohne SCH 23390 
Self-stimulation Sulptnde 

A wide variety of neuroleptic drugs interfere with intracra- 
nial self-stimulation, and there seems to be a general consen- 
sus that the interference is caused by a blockade of dopamine 
receptors m the brmn [11,24]. This ~nterpretation ts sup- 
ported by lesion studies ~n which destruction of dopaminer- 
g~c neurons with 6-hydroxydopamine produces a long-term 
reduction in self-stimulation [2, 22, 23]. It is now recognized 
that several subtypes ofdopamine receptors exist. DI recep- 
tors are hnked to adenylate cyclase activity, whereas D2 
receptors are not [6,17]. Most of the neuroleptic drugs are 
antagonists at both receptor subtypes. Although other sub- 
types of dopamme receptors, i . e ,  D3 and D4, have been 
suggested, their pharmacological charactenstms have not 
been determined. 

Galhstel and Davis [13] conducted a comparative study of 
rune neuroleptic drugs and reported a high correlation be- 
tween the relative affinity for the D2 receptor and drug- 
induced suppression of hypothalamic self-stimulation. Such 
results would suggest that brain-stimulation reward is 
mediated by neurons having D2 receptors There was, how- 
ever, a notable exception. Halopendol had a much lower 
affimty for the D2 receptor (Ki=l .5  nM) than did 
sptroperidol (Ki=0 25 nM), but these two drugs were effec- 
tive in suppressing self-stimulation at similar dose ranges: 
halopendol at 0 04-0.14 mg/kg and spiropendol at 0 03-0 11 
mg/kg. 

There are several dopamine antagonists that show an ex- 
tremely low affimty for DI receptor For example, sulpmde ~s 
practically inactive at DI receptor sites, having a Ki of 
47,000 nM compared to a K~ of 190 nM for the D2 receptor 
[14]. Ferrer and coworkers [10] trained rats to make bar- 
pressing responses for stimulation of the medial prefrontal 
cortex and injected sulpirlde at various dose levels. Sulpiride 
began to interfere with the animal's motility at 20 mg/kg IP, 
but it did not reduce the rate of responding until the dose was 
~ncreased to 40 mg/kg IP Furthermore, lntracranlal injection 
of sulptride ~nto the vicimty of the electrode site in the pre- 
frontal cortex did not interfere with self-stimulation. These 
findings are not in accord w~th the view that dopamine D2 
receptor ~s critically involved in brmn-stimulation reward. 

SCH 23390, on the other hand, has a very high aff'mity for 
the dopamlne DI receptor (Ki= 1.3-11 nM) compared to its 
affimty for D2 receptor (Ki=880 nM) [1, 4, 14] At doses 
between 0 11 and 2.1 mg/kg in the rat, SCH 23390 suppressed 
stereotypic behaviour produced by apomorphtne [4,15], 
showing a dopamine antagomst action It had no effect on 
serum prolactm levels [15], which ~s considered to be under 
D2-receptor control [6]. Therefore, SCH 23390 is highly 
hkely to have a competitive antagomst action at the DI re- 
ceptor sites but not at the D2 sites. In the present study, 
SCH 23390 and suiptride were used to identify the receptor 
subtype of dopaminergic neurons revolved in intracranial 
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self-stimulation. Halopendol, which blocks both DI and D2 
receptors, and metergohne, a serotomn receptor blocking 
agent, were tested for comparison 

METHOD 

Long Evans male rats (Charles River, Canada) were imo 
planted, as previously reported [20], with stmnless-steel 
bipolar electrodes into either the lateral hypothalamic area 
(LH), the ventral tegmental area (VT), or the dorsal raphe 
nucleus (DR). The stereotaxic coordinates [21] were as fol- 
lows- A 5 4, L 1.7, V - 2  3 for LH; A 2.6, L 1 2, V - 3  4 for 
V T ; a n d A 0 0 ,  L 0 0 V - 2 . 3 f o r D R  

Spout Conla( t 

The method of training and testing in a spout box has been 
reported previously [20]. After a 7-day recovery period, the 
rats were trained to receive brain stimulation by making 
body contact with a metal spout in a test box The animals 
generally used the snout or forepaw to make contact, but 
sometimes licked or bit the spout. Electrical stimulation was 
a train of square pulses having a pulse durauon of 0.3 msec 
and a frequency of 100 pulses per sec. The train lasted as 
long as the contact was maintained up to a maximum of 0 5 
sec The intensity of stimulation was adjusted for each 
animal, and a record of 30-rain responding was examined 
periodically. If the response rates in three 10-min periods did 
not differ from their mean by 33%, the animal was trmned to 
continue responding for an additional period of 60 rain at the 
same stimulation intensity. A group of 10 rats were trained, 6 
with LH electrodes, 2 with VT and 2 with DR electrodes 

A stock solution of SCH 23390, 1 mg/mi free base, was 
prepared using 5% Tween-80 in physiological saline Halo- 
peridol was prepared by diluting Haldol (McNeil) with dis- 
tilled water Metergohne was dissolved m 2% ascorbic amd, 
and sulpinde was dissolved in 0 2 N acetic acid. After 30 mln 
of baseline recording, animals were injected IP, and respond- 
ing recorded for an additional 60 rain. 

The ED50 for SCH 23390 was determined in an additional 
group of 7 rats, all implanted with electrodes into the LH and 
trained in the spout box. The animals were injected with 
physiological saline and then progressively higher doses of 
SCH 23390: 0.01, 0.02, 0.04, and 0.08 mg/kg IP There was a 
minimum of 2 days between two consecutive injections. In 
each session, the total number of responses made in a 30-min 
period starting 10 rain after injection was compared with the 
pre-injection rate and expressed in percentage for individual 
animals A dose response function was plotted for each 
animal, and a dosage just  sufficient to suppress the response 
rate to 50% of the rate after saline injection (ED50) was 
calculated by interpolation. 

Runway 

Five of the rats used in the spout box, all with LH elec- 
trodes, were also tested in a runway 150 cm long and 10 cm 
wide, surrounded by 30 cm walls A guillotine door was 
placed 30 cm from one end, demarcating a starting box. The 
rat was placed in the starting box, and 15 sec later stimulated 
w~th a series of 10 priming trains. Each train consisted of 64 
pulses at a frequency of 100 per sec, and each pulse was 0 3 
msec in duration. The train was repeated every second for 10 
times. The door opened 5 sec after the start of the last prim- 
mg trmn, and the animal was allowed to run to make a con- 
tact with a spout on the wall at the other end of the runway. 
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FIG 1 Changes tn response rate after ~ntrapentoneal m.lecnon of 
physiological saline (SAIL SCH 23390 0 05 mg/kg (SCH), halopendol 
0 25 mg/kg (Hal), and sulpmde 50 mg/kg (Sul-50) and 100 mg/kg 
(Sul-100), expressed as percent of pre-mjecnon response rate The 
data are based on 10 rats with electrodes m the lateral hypothalamtc 
area (n=6), ventral tegmental area (n=2), and dorsal raphe nucleus 
(n=2) 

Regardless of the duration of contact, the first contact 
initiated a trmn of goal stimulation, which consisted of 0.3 
msec pulses at 100 per sec. The number of pulses m the goal 
stimulation was either 4, 8, 16, 32, 64, or 128. The intensity 
of the goal stimulation was the same as the intensity of the 
priming stimulation, and adjusted for each animal in such a 
way that the animal's running speed attained a maximal 
asymptotic level with 64 and 128 pulses but not with 16 
pulses The running speed was derived from the time interval 
between the door opening and spout contact and expressed 
in cm/sec Each rat was tested with 10 trials at each pulse 
number, first in an ascending order and then in a descending 
order. If an animal did not reach the spout within 20 sec, it 
was gently pushed to the end of the runway and given a trmn 
of goal stimulation. After a repetition of 4 no-run trials, the 
remaining trials were cancelled, and the mlmmal speed of 6.0 
cm/sec was assigned to these trials. Mean speed of the last 5 
trials was plotted to form a "reward summation function" [8] 

On test days either physiological saline or SCH 23390 was 
rejected 20 min prior to a test session Starting with a low 
pulse number an ascending and a descending series were 
completed in about 60 rain. The locus of rise, defined as the 
number of pulses required to produce a speed which is 50% 
of the maximal speed [8], was calculated by interpolation. 
For each rat, the mean of two loci, one in the ascending and 
the other in the descending series, was determined in each 
test session. 

RESULTS 

In the spout box, the mean response rates per mm (± 
standard error) m the 30-min period.lust prior to saline rejec- 
tion were: 77_*3 6 for LH, 43---5.3 for VT, and 69±21 9 for 
DR. Following saline injection all animals returned im- 
mediately to the spout and continued responding for 60 min 
at rates which did not differ from the pre-i~ection rate. 
Drag-induced changes in response rate are depicted in Fig. 1 
Haloperidol, 0.23 mg/kg IP suppressed self-stimulation 
completely 10 rain after injection. The response rate in a 
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FIG 2 Dose-response function of SCH 23390 IP Vertical bars rep- 
resent the standard error of the mean The data are based on 7 rats 
with electrodes m the lateral hypothalam~c area 
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FIG 3. Reward summation functions after injection ofphymolog~cal 
saline and SCH 23390 0.01 mg/kg IP Horizontal bars indtcate the 
standard error of the mean for the locus of rise The data are based 
on 5 rats w~th electrodes m the lateral hypothalamus. 

30-min period starting 10 rain after injection was significantly 
less than the pre-injectmon rate (t =6.607, p<0.01).  

SCH 23390, 0.05 mg/kg IP, produced a stmilar suppres- 
sion (t=8.616, p<0.01).  The activity of SCH 23390 was 
dose-related, and EDS0 was 0.022 mg/kg IP (Fig. 2). When 
not responding to the spout, some animals stayed qule~Jy in 
front of the spout, others turned away from the spout and 
some groomed. At no time d~d the animals sleep or freeze at 
the spout. 

Metergoline, 5 mg/kg IP, and sulplride, 50 mg/kg IP, were 
totally meffectwe (Fig. 1). Since sulp~ride is known to have a 
slow onset of  action [27], 6 of  the animals (2 each with elec- 
trodes in LH,  VT, and DR) were returned to the spout box 
again 4 hours after rejection. They were somewhat slower m 
responding but dtd not show any sigmficant reducUon in re- 
sponse rate (t =2.264) compared wRh the saline control. At 
100 mg/kg IP, sulpiride produced dyscoordinat~on, and the 
animals frequently slipped off the grid floor. However,  they 
stdl managed to lie in front of  the spout and to continue 
responding, though at significantly reduced rates (t=4.472, 
p<0.01).  The results were similar with all electrode loca- 
tions. 

The results of the runway test are shown m Fig. 3 Fol- 
lowing sahne, the number of pulses required to produce a 
half maximal speed (locus of rise) was 20.1, whereas tt was 
52.0 after rejection of SCH 23390 0.01 mg/kg IP This shift m 
the locus of rise was statistically significant t=4.799, 
p<0.01).  The maximal speed was reduced from 58.5 cm/sec 
following sahne to 52.5 cm/sec following the drug, but this 
decrease was not statistically smgn~ficant (t = 1 972). After in- 
jection of SCH 23990 0.02 mg/kg, one of the rats completely 
stopped running, and one other rat stopped at 0.04 mg/kg. 
Those animals whmh ran, however,  showed mean maximal 
speed of  57.2 cm/sec at 0.02 mg/kg and 49.5 cm/sec at 0.04 
mg/kg, neither of  which differed sigmficantly from the speed 
after saline tnjection. 

DISCUSSION 

SCH 23390 and halopendoi suppressed self-stimulation 
of  the LH,  VT, and DR, whereas metergoline had no effect 
Sulpmde reduced responding only at a dose level that inter- 

fered wtth motor coordination. The suppression of  bar- 
presstng by halopendol ts well known [29], and the present 
results assures that the spout contact  method is sensitive 
enough to show the suppressive effect of the neuroleptic 
substance. Though SCH 23390 has some affinity for seroto- 
nin receptor (Ki=30 nM) [14], the suppression of  self- 
stimulation by SCH 23390 cannot be attributed to 
serotonergic blockade because metergohn¢, at a dose which 
blocks tryptophanqnduced hyperactivity [7] and suppresses 
self-stimulation of  the habenula and median raphe [20] had 
no effect m the present experiment.  

The dose of SCH 23390 reqmred to suppress self-stimulation 
m the present study was s~mdar to the dose reqmred to sup- 
press conditioned avmdance responses [15] and to 
antagomze the behavioural effects of  amphetamine and 
apomorphme [4]. These finding suggest that the suppression 
of  self-stimulation by SCH 23390 was through dopamine- 
receptor blockade Since SCH 23390 does not give rise to an 
increase m serum prolact~n level [15], a D2 receptor re- 
sponse, it can be concluded that suppression of  self- 
stimulation was mediated by blockade of DI receptors. 

The results of  the runway experiment clearly ~ndlcate that 
the locus of rise had shifted after ~nject~on of  SCH 23390 0.01 
mg/kg IP. At th~s dose, the rewarding effect of  st~mulatton 
was reduced without causing any other performance inter- 
ference Th~s method ~s one of  the best in dtstmgmshing the 
effect on reward from other interference on performance 
[18], but ~t does have a hmRat~on At h~gher dose levels, 
where spout contact was completely suppressed, some 
antmals did not run at all m the runway. Whether the fadure 
to run was due to a complete loss of  rewarding effect or to 
some other tnterference could not be determined Posmbly 
an ultimate answer to th~s question will come from the use of 
a response requmng mimmal physical activity. A prelimb 
nary report by Fantm [9] who used hippocampal theta waves 
as an operant response seems to suggest that SCH 23390 
abohshes the rewarding effect of brain stimulation. 

The failure of  sulpiride to suppress self-stimulation can- 
not be attributed to poor penetration of the drug into the 
brain. Intrapentoneal  injection of  100 mg/kg y~elds a concen- 
tration of  approximately 2/~g/g ~n the hypothalamus [ 19], 50 
mg/kg IP ~s sufficient to antagomze turning responses in- 
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duced  by  a p o m o r p M n e  in ra ts  unda te ra l ly  les ioned in the  
s t r i a tum [12], and  20 mg/kg IP  ~s e n o u g h  to an t agon ize  
hype rac t i v i t y  p r o d u c e d  by  a m p h e t a m i n e  in jec ted  into the  
nuc l eus  a c c u m b e n s  [5] F u r t h e r m o r e ,  none  o f  these  l isted 
effects  can  be  a t t r ibu ted  to DI r e c e p t o r  b locking,  s ince  sui- 
pir ide 50 mg/kg IP does  not  in te r fere  at all wi th  the  inc rease  
in ce reb ra l  cychc  A M P  p roduced  by  a p o m o r p h l n e  [28] 
The re fo re ,  ~t can  be  c o n c l u d e d  f rom these  da ta  tha t  the  doses  
o f  sulpir ide used  m the  p re sen t  e x p e r i m e n t  were  suff ic ient  to 
b lock  D2 recep to r s  apprec i ab ly  w~thout affect ing DI recep-  
tors .  Cons ide r ing  the ef fec ts  o f  su lp inde  toge the r  with  the  
effects  o f  S C H  23390, the  p r e s en t  resul t s  sugges t  tha t  DI 
r ecep to r s  and  not  D2 r ecep to r s  are  cri t ical  m p roduc ing  the  
r eward ing  effect  o f b r m n  s t imula t ion  in the  LH,  VT,  and  DR 

The  p re sen t  f indings  are cons i s t en t  wi th  the  repor t  tha t  
se l f - s t imula t ion  of  the  p re f ron ta l  cor tex ,  t hough  involv ing  
d o p a m m e  t r ansmis s ion ,  does  not  revolve  D2 recep to r s  [10] 
The  p r e sen t  resul ts ,  h o w e v e r ,  a p p e a r  to be  d i sc repan t  with  
the  f indings  tha t  the  ef fec t ive  dose  o f  neuro lep t i c  drugs  for  
the  supp re s s ion  o f  se l f -s t imula t ion  ~s co r re l a t ed  wi th  the  
d r u g ' s  aff ini ty for  D2 r ecep to r s  and  not  Dl  recep tors .  This  
d i s c r e p a n c y  may  have  c o m e  f rom the  fact  tha t  the  tn vi tro 
affinity is not  a sole d e t e r m i n a n t  of  a d rug ' s  e f fec t iveness  in 
vtvo. A high-aff ini ty  drug may  have  ht t le  behav~oural  effect  
unless  it is c a m e d  to the  r e c e p t o r  si tes ac ross  the  b lood-  
b ra in  b a m e r  On the  o t h e r  hand ,  a low-aff ini ty drug  may  

show a s t rong  effect  tf it is a ccumula t ed  in the ef fec t ive  re- 
gion in the  bra in  For  example ,  h a l o p e n d o l  is k n o w n  to r each  
bra in  c o n c e n t r a t i o n s  20-folds h igher  than  blood levels  [3] It 
is impor t an t  to e m p h a s i z e  tha t  the  conc lus ion  in the  p resen t  
s tudy  m favour  of  DI r ecep to r s  o v e r  D2 recep to r s  has  been  
d rawn  ent i re ly  f rom tn vtvo s tudies  

T h e r e  ~s growing  e v i d e n c e  that  D2 r ecep to r s  are re la ted  to 
a cer ta in  type  of  s ch izophren ia ,  but  the  func t ion  o f  D 1 recep- 
tors  has  r ema ined  u n k n o w n  [25.26]. The  p re sen t  f indings 
sugges t  tha t  D1 r ecep to r s  may  be re la ted to in t racrania l  rein- 
f o r c e m e n t  of  ope ran t  r e s p o n s e s  Var ious  re inforcers ,  such as 
food.  water ,  s t imulan t  drugs  and  narco t i cs ,  have  been  re- 
por ted  to lose the i r  re~nforcmg effect  unde r  the inf luence  of  
neuro lep t ic  drugs  [301 W h e t h e r  or  not  all of  these  effects  can 
be a t t r ibu ted  to the  b lockade  o f  DI r ecep to r  r emains  to be 
clarif ied by fu r the r  e x p e r i m e n t s  
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