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Ahstract. It has been suggested that the dopamine D1 
receptor may play an important role in reward. The 
present study was undertaken to investigate the roles of 
dopamine D 1 and D 2 receptor subtypes in responding for 
conditioned reward. This was done by examining the ef- 
fects of the D 1 antagonist SCH 23390 and the Dz antago- 
nists pimozide and metoclopramide on amphetamine- 
produced enhancement of responding for conditioned re- 
ward. The procedure consisted of three distinct phases~. 
During the pre-exposure phase the rats were exposed to 
an operant chamber containing two levers. One lever 
produced a lights-off stimulus (3 s) and the other a tone 
stimulus (3 s). This was followed by four conditioning 
sessions during which the levers were removed and the 
rats were exposed to pairings of the lights-off stimulus 
with food. This phase was followed by two test sessions 
during which the levers were present and the number of 
responses made on each was calculated as a ratio of the 
number of responses made during the pre-exposure 
phase. A group receiving the vehicle during the test ses- 
sions showed a greater ratio of responding for the lights- 
off stimulus than the tone stimulus, indicating that the 
lights-off stimulus had become a conditioned reward. 
Amphetamine (0.1, 1.0, 2.0 and 5.0 mg/kg, IP, 5 rain prior 
to test) specifically enhanced responding on the lever pro- 
ducing conditioned reward. SCH 23390 (5.0 and I0.0 gg/ 
kg, SC, 2 h before test) and pimozide (0.1 and 0.2 mg/kg, 
IP, 4 h before test) dose-dependently shifted the peak in 
the amphetamine dose-response function to the right, in- 
dicating an attenuation of conditioned reward. Metoclo- 
pramide (1.0, 5.0 and 7.5 mg/kg, IP, 1 h before test) re- 
duced the amphetamine-produced enhancement of re- 
sponding for conditioned reward but failed to shift the 
amphetamine dose-response function. These results 
provide evidence that both D 1 and D2 receptor subtypes 
are essential in responding for conditioned reward. 
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A neutral stimulus can be made to acquire incentive mo- 
tivational properties by pairing it with an unconditioned 
rewarding stimulus such as food after which it elicits ap- 
proach and related responses similar to those elicited by 
the unconditioned reward (Bindra 1974). The previously 
neutral stimulus also can be shown to act as a condi- 
tioned reward (Beninger 1989b, 1991). For example, ani- 
mals pressed a lever that produced a stimulus (e.g., light) 
previously paired with reward (e.g., food) more than an- 
other lever that produced a stimulus (e.g., tone) not 
paired with reward (Mackintosh 1974). 

Animals treated with indirect dopamine (DA) ago- 
nists show an enhancement of responding for condi- 
tioned reward (Hill i970; Robbins 1975, 1976; Robbins 
and Koob 1978; Beninger et al. t980, 1981 ; Robbins et al. 
1983; Taylor and Robbins 1984, 1986; Mazurski and 
Beninger 1986; Cador et al. 1991; Kelley and Dells 
1991a,b; Beninger and Ranaldi 1992). Furthermore, DA 
antagonists given during pairing sessions resulted in an 
attenuation or blockade of the conditioned reward effect 
(Beninger and Phillips 1980; Hoffman and Beninger 
1985). These studies strongly suggest that DA transmis- 
sion is involved in responding for conditioned reward 
and corroborate an extensive literature implicating DA 
in reward-related learning (for reviews see Beninger 1983; 
Wise and Rompr6 1989). 

The role of DA receptor subtypes in reward has been 
examined. D 1 and D 2 antagonists produced intra-session 
declines in responding for brain stimulation reward (Fen- 
ton and Liebman 1982; Nakajima and McKenzie 1986; 
Nakajima and O'Regan 1991) and food (Nakajima 1986; 
Beninger et al. 1987) and reduced the rewarding efficacy 
of self-administered cocaine or amphetamine (Roberts 
and Vickers 1984; Koob et al. 1987; Kleven and 
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W o o t v e r t o n  1990; Cor r iga l l  a n d  Coen  1991). Thus ,  b o t h  
D 1 and  D 2 r ecep to r  an t agon i s t s  a t t enua t e  reward .  

The  effects of  agonis t s  also have  been inves t igated.  
The  D2 agonis ts ,  b r o m o c r i p t i n e  and  quinpi ro le ,  en- 
hanced  r e spond ing  for c o n d i t i o n e d  r e w a r d  whereas  the  
D~ agonis t ,  S K F  38393, d id  no t  and  at  h igher  doses  ap-  
pea red  to b lock  the c o n d i t i o n e d  r eward  effect (Beninger  
and  R a n a l d i  1992). F o r  b ra in  s t imu la t ion  r e w a r d  quin-  
p i ro le  dec reased  th resho lds  whereas  S K F  38393 h a d  no  
signif icant  effect a t  m o d e r a t e  doses and  comple te ly  sup-  
pressed  r e s p o n d i n g  at  h igher  ones ( N a k a j i m a  and  
O ' R e g a n  1991). Both  D 1 and  D 2 agonis t s  were self-ad- 
min i s t e red  (Woolve r ton  et al. 1984; Self and  Stein 1992) 
and  bo th ,  when in jec ted  di rec t ly  in to  the nucleus  accum-  
bens  of  rats ,  p r o d u c e d  a p lace  preference (Whi te  et al. 
1991). 

I t  appea r s  tha t  D 2 agonis t s  faci l i tate  the r eward ing  
effects of  s t imul i  in c o n d i t i o n e d  r eward  and  b r a i n  s t imu-  
l a t ion  r e w a r d  studies.  D~ agonis t s  impa i r ,  or  do  no t  in- 
crease, r e s p o n d i n g  in these p a r a d i g m s  a l t h o u g h  place  
cond i t i on ing  and  se l f -admin i s t ra t ion  were p r o d u c e d  by  
D 1 agonis ts .  I t  m a y  be tha t  ton ic  s t imu la t i on  of  D 1 recep-  
tors  by  D1 agonis t s  impa i r s  the  abi l i ty  of  discrete  envi-  
r o n m e n t a l  s t imuli  (e.g., a lever) to con t ro l  r e spond ing  for 
r e w a r d  by  increas ing  the ab i l i ty  of  o the r  s t imul i  in the  
e n v i r o n m e n t  to  elicit  responses .  By this same mechan i sm,  
D t agonis t s  m a y  p r o d u c e  p lace  cond i t i on ing  where  the 
m e a s u r e d  response  is s imply  a p p r o a c h  to  the d r u g - p a i r e d  
e n v i r o n m e n t  (Beninger  1992). Thus,  the  rote of  the  D 1 
r ecep to r  in r eward  is best  u n d e r s t o o d  by  cons ider ing  the 
na tu re  of  the m e a s u r e d  response.  In  this way, the D~ 
recep to r  m a y  be seen as crucia l  in r e w a r d  processes.  

The  p resen t  s tudy  e x a m i n e d  the hypo thes i s  t ha t  s t im-  
u la t ion  of  D~ recep tors  is cr i t ical  for r eward - r e l a t ed  
learning.  Accord ing ly ,  the  dose -dependen t  e n h a n c e m e n t  
of  r e s p o n d i n g  for c o n d i t i o n e d  r eward  seen wi th  am-  
p h e t a m i n e  was expec ted  to  be shifted to the r ight  fol low- 
ing in jec t ion  of  the  selective D1 an tagonis t ,  S C H  23390 
(Hyt te l  1983; Io r io  1983). F o r  c o m p a r i s o n  the effects of  
the  D 2 an tagonis t s ,  p i m o z i d e  (Seeman 1981) a n d  me to -  
c l o p r a m i d e  (Jenner et al. 1978; R o t r o s e n  et al. 1981 ; H a r -  
r ing ton  et al. 1983), a lso were assessed. 

Materials and methods 

Treatment of the rats in the present study was in accordance with 
the Animals for Research Act, the Guidelines of the Canadian 
Council on Animal Care and relevant University policy and was 
approved by the Queen's University Animal Care Committee. 

Subjects. Male Wistar rats (n = 249), obtained from Charles River 
Canada, weighing between 225 and 275 g (free-feeding) were indi- 
vidually housed in a temperature-controlled environment (2I°C) on 
a 12-h light-dark cycle (lights on at 0600 hours). Rats were habitu- 
ated to the housing environment for approximately 1 week and 
their weights increased by 25-40 g. Weights were then reduced to 
80% of these values for the l l -day duration of the experiment 
through daily feedings with measured rations. 

Apparatus. The experimental environments consisted of four simi- 
larly constructed operant chambers. The dimensions were 29 cm in 
length, 23 cm in width and 19 cm in height. The chambers were 

constructed of aluminum sides and plexiglass tops and doors. The 
floors consisted of aluminum grids. Each ctiamber was placed in a 
ventilated sound-attenuating box. Each 29 cm wall of each chamber 
contained a 7.5-cm by 3.5-cm removable lever. A force of approxi- 
mately 0.09 N was required to depress each lever. At the center of 
the 23-cm wall was stationed a 2.0- by 4.0-cm feeder cup at a height 
of 2.5 cm from the floor. An illuminated 2-W light bulb was posi- 
tioned on each side (8.5 cm apart) of the feeder cup at a height of 10 
cm from the floor. Each chamber also contained a 4.9-Khz tone 
generator positioned at 14 cm from the floor between the two light 
bulbs and at the center of the 23-cm wall. The tone generator was 
adjusted to deliver a tone 10 dB above the background noise level. 

Procedure. Each group was exposed to an experimental design that 
consisted of three distinct phases referred to as the pre-exposure, 
conditioning and test phase. Following is a description of the proce- 
dure employed for the vehicle group. All groups followed exactly 
the same procedure except that drugs were injected prior to each 
test session, as described below. 

The pre-exposure phase consisted of five 40-min sessions held 
one per day on 5 consecutive days at approximately the same time 
each day. Two levers were present. One lever produced the tone 
stimulus and the other the lights-off stimulus. Both stimuli lasted 3 
s. Two of the chambers had the tone-producing lever on the right 
wall and the lights-off-producing lever on the left wall while the 
relationship between lever side and stimulus was reversed for the 
other two chambers. The number of responses on each lever was 
measured for each pre-exposure session. 

The conditioning phase consisted of four 60-min sessions held 
one per day for the 4 consecutive days following the last day of the 
pre-exposure phase. During conditioning both levers were removed 
from the operant chamber and the rats were exposed to 80 presen- 
tations of the 3-s lights-off stimulus according to a random time 
45-s schedule. That is, the average time between lights-off stimulus 
presentations was 45 s (range was 5-90 s). During the first condi- 
tioning session each lights-off stimulus presentation was terminated 
with the delivery of one 45-mg food pellet (Bioserv). During the 
remaining three conditioning sessions food delivery occurred fol- 
lowing a random 33% of the lights-off stimulus presentations. This 
procedure was employed as Knott and Clayton 0966) observed 
that partial pairing resulted in a greater magnitude of conditioned 
reward than continuous pairing. 

The test phase consisted of two 40-min sessions held on the 2 
consecutive days following the last day of conditioning. The levers 
were again present in the operant chambers and the number of 
responses on each lever was measured. Conditioned reward was 
observed as a relative increase in the number of responses on the 
lights-off stimulus lever in the test phase compared to the pre-expo- 
sure phase. 

A total of 26 groups was tested. One group (n= 12) received 
0.9% saline, IP, 5 min prior to and Tween 80, SC, 2 h prior to each 
test session. Four groups (n = 11-13) received amphetamine in doses 
of 0.1, t.0, 2.0 and 5.0 mg/kg, IP, 5 min prior to each test session. All 
other groups received one of three doses of amphetamine (1.0, 2.0 or 
5.0 mg/kg, always IP, 5 min prior to each test session) and a D 1 or 
D 2 antagonist. Thus, three groups (n = 10) received the three doses 
of amphetamine and 5.0 gg/kg SCH 23390, SC, 2 h prior to each 
test session and three other groups (n=t0) received the am- 
phetamine doses and 10.0 gg/kg SCH 23390 2 h prior to each test 
session. Nine groups (n=9-10) received the three amphetamine 
doses and 1.0, 5.0 or 7.5 mg/kg metoclopramide, IP, 1 h prior to 
each test session. Six groups (n = 7-9) were administered the three 
amphetamine doses and 0.1 or 0.2 mg/kg pimozide, IP, 4 h prior to 
each test session. 

The experiments were conducted with 16-32 rats at a time. Each 
experiment consisted of randomly assigning these rats to groups of 
four and assigning each group to one of the drug conditions. This 
ensured that different groups were tested at any one time, random- 
izing any possible error associated with the testing of different 
squads. Each drug condition was replicated at least once, bringing 
the ns for each group to eight or more. 
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Drug preparation. (+)-Amphetamine sulphate (Smith, Kline and 
French Canada Inc.) was dissolved in saline and injected in a con- 
centration of 1 ml/kg body weight. SCH 23390 was suspended in a 
small quantity of the polymer, potyoxyethylene sorbitan mono- 
oleate (Tween 80) and added to distilled water at an appropriate 
concentration to yield an injection volume of 1 ml/kg. Metoclo- 
pramide was dissolved in distilled water and injected in a concentra- 
tion of 1 ml/kg. Finally, pimozide was dissolved in boiling tartaric 
acid (at a concentration of 6 mg/ml distilled water) and injected in 
a concentration of t ml/kg. All drugs were prepared daily immedi- 
ately prior to injection. 

Data analyses. The data within the last 30 rain provided the most 
stable estimate of pre-conditioning rates. In previous studies (Hoff- 
man and Beninger t985) the number of responses in each 10-rain 
segment of pre-exposure sessions was analyzed and it was found 
that rates were higher in the first t0 min but did not differ signifi- 
cantly for the remaining 10-min periods. Therefore, only data from 
the last 30 min were used for pre-exposure sessions in the analyses 
of the present results. The number of responses made on each lever 
during the last 30 min of the five sessions in the pre-exposure phase 
was averaged for each rat. The number of responses made on each 
lever during the last 30 min of each session in the test phase was 
averaged for each rat. Finally, the number of responses on each 
lever in the test phase was divided by the number of responses on 
that lever in the pre-exposure phase [adding 1.0 to each value enter- 
ing into the ratio to reduce the influence of numerically small num- 
bers (see Winer 1971)]. These ratios were square root transformed to 
normalize their distribution for the purposes of analyses (Keppel 
1982). Thus, the data consisted of two numbers for each rat. 

To evaluate the conditioned reward effect in the vehicle group, 
a one-way analysis of variance (ANOVA) compared the ratios for 
each lever. A significantly higher ratio of responding on the lights- 
off lever than on the tone lever was taken as evidence that condi- 
tioned.reward had occurred. The results for groups receiving each 
drug were subjected to two-way ANOVAs with repeated measures 
on the lever factor. When only a dose effect was seen, multiple 
comparisons, using the Newmann Keuts procedure, determined the 
source of this effect. When a lever effect or a lever by dose interac- 
tion was seen, the ANOVA was conducted again, this time includ- 
ing the vehicle group. The error term for the interaction from this 
ANOVA was then used to make interaction comparisons between 
the vehicle group and each drug dose (Keppe11982). When the ratio 
for the lights-off lever was greater than the ratio for the tone lever 
for a drug dose and there was a significant interaction of lever and 
dose in the comparison with vehicle, it was concluded that the dose 
enhanced responding for conditioned reward. 

Results 

Figure  1 shows the mean  ( +  SEM)  square  roo t s  of  ra t ios  
of r e spond ing  on  each  lever in the test phase  for the vehi-  
cle, a m p h e t a m i n e  and  S C H  23390-pre t rea ted  groups .  
The  un t r ans fo rmed  basel ine  m e a n  ( ± S E M )  rates  (re- 
sponses  pe r  30 min) of  press ing on bo th  levers du r ing  
bo th  phases  for  the vehicle g r o u p  were as fol lows:  8.11 
(+1 .33)  and  10.91 (+_2.66) on the tone and  l ights-off  
levers, respect ively,  du r ing  the p re -exposu re  phase  and  
13.71 (+_3.98) and  38.92 (+_9.15) on the tone  and  l ights-  
off levers, respect ively,  du r ing  the test phase.  The  vehicle 
g roup  showed  grea ter  ra t ios  of  r e spond ing  on  the lever 
tha t  p r o d u c e d  the l ights-off  s t imulus  than  on  the lever 
tha t  p r o d u c e d  the tone  s t imulus,  suggest ing a condi -  
t ioned  r eward  effect. The  a m p h e t a m i n e  g roups  a p p e a r e d  
to show a dose - re l a t ed  inver ted  U funct ion for r e spond-  
ing on  the cond i t i oned  r eward  lever;  the  effect a p p e a r e d  

t2 f 
1o t 

4 . 

2 

0 
VEH 0,1 1 ~0 2.0 5.0 

12 

£3- 
× 10 

9 

0 4 

2 

~5 ,o 0 

Pretreated with 5.0 ug/kg SCH 23390 

d i  
1.0 2.0 5.0 

4 

2 

O 
1.0 2,0 5.0 

Dose of Amphetamine (mg/kg) 

Fig. 1. Mean square roots of ratios of test phase responding relative 
to pre-exposure responding on each lever for groups receiving vehi- 
cle, amphetamine or combined amphetamine and SCH 23390 treat- 
ments. Vertical bars represent the standard errors of the mean. 
Lights-off ( , )  was the conditioned stimulus; tone (D) was the neu- 
tral stimulus. Amphetamine was administered IP, 5 min prior to 
testing. SCH 23390 was administered SC, 2 h prior to testing. 
*Significant (P<0.01) conditioned reward effect in the vehicle 
group, tSignificant enhancement of the conditioned reward effect 
when compared to vehicle 

to  peak  in the 2.0 m g / k g  group.  The  g roups  p re t r ea t ed  
with  5.0 gg /kg  S C H  23390 (middle  panel)  also showed a 
dose - re l a t ed  increase  in r e s p o n d i n g  with  m o r e  re spond-  
ing on the l ights-off  lever. However ,  a specific increase  in 
r e spond ing  on  the l ights-off  lever in the g r o u p  tha t  re- 
ceived 5.0 m g / k g  a m p h e t a m i n e  was observed,  an effect 
t ha t  was no t  seen in the  5.0 m g / k g  a m p h e t a m i n e - a l o n e  
group.  G r o u p s  p r e t r e a t e d  with  10.0 gg /kg  S C H  23390 
t ended  to show a dose - r e l a t ed  increase  in r e spond ing  
with more  presses on the l ights-off  lever. In teres t ingly ,  the 
a m p h e t a m i n e - p r o d u c e d  e n h a n c e m e n t  of  r e spond ing  in 
the 2.0 m g / k g  a m p h e t a m i n e  g r o u p  was reduced  by 10.0 
~tg/kg S C H  23390 while r e spond ing  for the l ights-off  
s t imulus  in the  g r o u p  receiving the h igher  dose  of  am-  
p h e t a m i n e  was greater .  In  o the r  words ,  b o t h  doses of  
S C H  23390 a p p e a r e d  to shift the a m p h e t a m i n e  effect to 
the  right.  The  s tat is t ical  ana lyses  s u p p o r t e d  these obser-  
vat ions.  

A n  A N O V A  on the vehicle d a t a  revealed a signif icant  
lever effect, [F(1,11)= 10.98, P <0.01],  conf i rming  tha t  the 
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lights-off stimulus acted as a conditioned reward. Groups 
treated with amphetamine showed a significant lever by 
dose interaction, [F = (3,41) = 6.27, P < 0.005]. This inter- 
action indicated that amphetamine produced a greater 
increase in responding on the lights-off lever than on the 
tone lever and that this conditioned reward effect differed 
depending on the dose. To determine if the conditioned 
reward effect in the amphetamine groups was different 
from that in the vehicle group the ANOVA was repeated, 
this time including the vehicle group. The analyses re- 
vealed a significant lever by dose interaction, 
[F(4,52) = 6.37, P <0.005]. Interaction comparisons re- 
vealed that the conditioned reward effect in the 2.0 mg/kg 
amphetamine group was significantly greater than that in 
the vehicle group, [F=(1,52)= 19.75, P<0.001]. 

A two-way ANOVA on the data of the groups pre- 
treated with 5.0 gg/kg SCH 23390 revealed a significant 
lever effect, [F(1,27)= 25.38, P <  0.005], indicating a con- 
ditioned reward effect in these groups. To determine if 
this conditioned reward effect was different from that in 
the vehicle group the ANOVA was repeated, this time 
with the data from the vehicle group included. The anal- 
ysis revealed a significant lever by dose interaction, 
[F(3,38)=4.10, P<0.01]. Interaction comparisons re- 
vealed that the 2.0 and 5.0 mg/kg amphetamine groups 
showed significant enhancements of the conditioned re- 
ward effect. 

A two-way ANOVA on the data from the groups pre- 
treated with 10.0 gg/kg SCH 23390 revealed a significant 
lever by dose interaction, [F(2,27)=7.02, P<0.0t]. This 
interaction indicated that the magnitude of the condi- 
tioned reward effect differed depending on the dose of 
amphetamine. The ANOVA was repeated, this time in- 
cluding the vehicle group, in order to determine if the 
conditioned reward effect in these groups was different 
from that in the vehicle group. The analysis revealed a 
significant lever by dose interaction, [F(3,38)=9.10, 
P<0.005]. Interaction comparisons revealed that the 
group receiving 5.0 mg/kg amphetamine showed a signif- 
icant enhancement of the conditioned reward effect. 

Figure 2 shows the mean (±SEM) square roots of 
ratios of responding on each lever in the test phase for the 
groups pretreated with pimozide. Groups receiving 0.1 
mg/kg pimozide showed a dose-related increase in re- 
sponding on the lever that produced the lights-off stimu- 
lus. Similar to the groups pretreated with 5.0 #g/kg SCH 
23390, this dose of pimozide led to increased responding 
for the conditioned reward in the group receiving 5.0 
mg/kg amphetamine, an effect that was not seen in the 
amphetamine-alone groups. Groups pretreated with 0.2 
mg/kg pimozide showed greater increases in responding 
for the lights-off lever than for the tone but none of these 
groups appeared to show response patterns different 
from that in the vehicle group. 

The statistical analyses supported the above observa- 
tions. A two-way ANOVA on the 0.1 mg/kg pimozide 
data alone revealed a significant lever effect, 
IF(l,19) = 25.59, P<0.005], confirming a conditioned re- 
ward effect in these groups. To investigate if this effect 
was different from that of the vehicle group the two-way 
ANOVA was repeated, this time including the data from 
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Fig. 2. Mean square roots of ratios of test phase responding relative 
to pre-exposure responding on each lever for groups receiving com- 
bined amphetamine and pimozide treatments. Vertical bars repre- 
sent the standard errors of the mean. Lights-off ( i )  was the condi- 
tioned stimulus; tone ([]) was the neutral stimulus. Pimozide was 
administered IP, 4 h before testing, t Significant (P < 0.01) enhance- 
ment of the conditioned reward effect when compared to the same 
vehicle group as in Fig. i 

the vehicle group. This analysis revealed a significant 
lever by dose interaction, [F(3,30)= 3.78, P<0.05], sug- 
gesting that there occurred an enhancement of the condi- 
tioned reward effect in these groups. Interaction com- 
parisons located the enhanced conditioned reward effect 
in the groups administered 2.0 and 5.0 mg/kg am- 
phetamine. 

A 2-way ANOVA on the data from the groups pre- 
treated with 0.2 mg/kg pimozide revealed a significant 
lever effect, [F(1,22)= 24.01, P<0.005]. To determine if 
this conditioned reward effect was different from the ef- 
fect in the vehicle group the ANOVA was repeated with 
the inclusion of the vehicle data. The analyses revealed a 
significant lever effect, [F(1,33) = 35.38, P < 0.005], but no 
significant lever by dose interaction. This ANOVA sug- 
gests that the conditioned reward effect in the groups 
pretreated with 0.2 mg/kg pimozide did not differ signifi- 
cantly from the vehicle group. 

Figure 3 shows the mean (±SEM) square roots of 
ratios of responding on each lever in the test phase for the 
groups pretreated with increasing doses of metoclo- 
pramide. Groups pretreated with 1.0 mg/kg metoclo- 
pramide showed a dose-related increase in responding 
with more presses on the lever producing the lights-off 
stimulus. Although the greatest enhancement in respond- 
ing occurred in the 2.0 mg/kg amphetamine group, it was 
slightly lower than in the amphetamine-alone group. 
Groups pretreated with 5.0 mg/kg metoclopramide (pan- 
el 2) responded less relative to the amphetamine-alone 
and 1.0 mg/kg metoclopramide groups. Only the 2.0 mg/ 
kg amphetamine group appeared to show a conditioned 
reward effect. Finally, groups pretreated with 7.5 mg/kg 
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Fig. 3. Mean square roots of ratios of test phase responding relative 
to pre-exposure responding on each lever for groups receiving com- 
bined amphetamine and metoclopramide treatments. Vertical bars 
represent the standard errors of the mean. Lights-off (ll) was the 
conditioned stimulus; tone (~) was the neutral stimulus. Metoclo- 
pramide was administered IP, 1 h before testing. ~Significant 
(P < 0.01) enhancement of the conditioned reward effect when com- 
pared to the same vehicle group as in Fig. 1 

metoclopramide also showed decreased responding. This 
effect appeared to be much greater than with the smaller 
metoclopramide doses and none of these groups ap- 
peared to show responding that was greater than in the 
vehicle group. In general groups pretreated with increas- 
ing doses of metoclopramide showed a dose-related de- 
crease in responding without shifting the peak am- 
phetamine effect. The statistical analyses were in accor- 
dance with these observations. 

A two-way ANOVA conducted on the data from the 
groups treated with 1.0 mg/kg metoclopramide revealed 
a significant lever by dose interaction, [F(2,25)=9.73, 
P < 0.005], indicating a conditioned reward effect that de- 
pended on the dose of amphetamine. To determine if this 
conditioned reward effect differed from that in the vehicle 
group the two-way ANOVA was repeated with the inclu- 
sion of the vehicle group. This analysis revealed a signifi- 
cant lever by group interaction, [F(3,36)=10.27, 
P<0.005]. Interaction comparisons revealed that the 
group treated with 2.0 mg/kg amphetamine showed a 
significant enhancement of the conditioned reward effect. 

A two-way ANOVA on the data from the groups re- 
ceiving 5.0 mg/kg metoctopramide revealed a significant 
lever effect, [F(1,25)= 7.19, P < 0.01], indicating a condi- 
tioned reward effect in these groups. To determine if the 
conditioned reward effect was different from that in the 
vehicle group the two-way ANOVA was repeated, this 
time including the vehicle group. The analysis revealed a 
significant lever effect, [F(1,36)= 12.98, P<0.005]. The 
failure to observe a significant lever by dose interaction 
indicates that the conditioned reward effect in the 5.0 
mg/kg metoclopramide groups was not significantly dif- 
ferent from that in the vehicle group. 

A two-way ANOVA on the data from the groups 
treated with 7.5 mg/kg metoclopramide revealed a dose 
effect, [F(2,25)= 3.53, P<0.05]. Inspection of Fig. 2 sug- 
gests that the significant dose effect occurred because of 
slightly less responding in the two lower amphetamine 
doses compared to the higher one. These groups failed to 
show a conditioned reward effect. 

Discussion 

Pairing of the lights-off stimulus with food pellets result- 
ed in the lights-off stimulus becoming a conditioned re- 
ward. In previous experiments the conditioned stimulus 
was negatively correlated with food and conditioned re- 
ward was not seen (Beninger and Phillips 1980; Hoffman 
and Beninger 1985), demonstrating the importance of the 
positive contingency between food and the conditioned 
stimulus. The present observation of conditioned reward 
is consistent with many previous studies (Skinner 1938; 
Stein 1958; Hill 1970; Robbins 1978; Robbins and Koob 
1978; Hoffman and Beninger 1985; Mazurski and 
Beninger 1986; Files et al. 1989). 

Amphetamine dose-dependently enhanced respond- 
ing for conditioned reward, an effect found previously in 
this (Mazurski and Beninger 1986; Beninger and Ranaldi 
1992) and other laboratories (Robbins et al. 1983; Cohen 
and Branch 1991). Alternative explanations include the 
possibilities that amphetamine increased responding for 
the lights-off stimulus through (1) its ability to induce 
hyperactivity and stereotypy (Ungerstedt 1979) and/or 
by (2) altering the rats' sensitivity to light (Isaac 197I; 
Goetsch and Isaac 1983). In the first case, increases in 
responding on both levers might be expected. In fact, 
apomorphine, a direct acting DA agonist that produces 
hyperactivity and stereotypy (Ungerstedt 1979), did in- 
crease responding on both levers (Robbins et al. 1983; 
Mazurski and Beninger 1986; Beninger and Ranaldi 
1992). If enhanced DA activity simply increases bar 
pressing behaviour then both apomorphine and am- 
phetamine should have produced similar patterns of re- 
sponding. That they did not strongly suggests that a gen- 
eral motor stimulant effect of amphetamine cannot ex- 
plain the present results. With regard to altered sensitivi- 
ty to light, we have shown that amphetamine, in rats 
exposed to no food, tones or lights-off stimuli during the 
conditioning phase, did not produce a response pattern 
significantly different from vehicle in the test. In control 
groups conditioned to the tone amphetamine produced 
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an enhancement of responding in the test (Beninger and 
Ranaldi 1992). These results strongly support the conclu- 
sion that amphetamine enhances responding for condi- 
tioned reward. 

6-hydroxydopamine (6-OHDA) lesions of the meso- 
accumbens pathway eliminated the enhancement of re- 
sponding for conditioned reward produced by intra-ac- 
cumbens amphetamine (Taylor and Robbins 1986). How- 
ever, lesions that depleted norepinephrine in the nucleus 
accumbens had no effect (Cador et al. 1991). These results 
suggest that in the nucleus accumbens it is am- 
phetamine's action on dopaminergic, not noradrenergic, 
neurotransmission that is important in conditioned re- 
ward. Thus, amphetamine may have enhanced respond- 
ing for conditioned reward in the present study by acting 
on dopaminergic neurotransmission. 

Our finding that 'the D 1 antagonist, SCH 23390, de- 
creased the enhancement of responding for conditioned 
reward produced by amphetamine is in agreement with 
the recent report by Chu and Kelley (1992) that SCH 
23390 similarly decreased the effects of intra-accumbens 
amphetamine. Our results show further that SCH 23390 
produced a dose-dependent shift to the right in the am- 
phetamine dose-response function without reducing 
asymptotic responding. The failure to observe a complete 
reduction in the amphetamine-produced enhancement of 
responding with SCH 23390 may have been related to the 
relatively low doses used here. Higher doses of SCH 
23390 might have reduced the asymptote in the am- 
phetamine dose-response function. The present results 
show that SCH 23390 attenuated the reward-enhancing 
effects of amphetamine. 

Our finding that the D 2 antagonist, pimozide, de- 
creased the enhancement of responding for conditioned 
reward produced by amphetamine also is in agreement 
with the report by Chu and Kelley (1992) that raclopride, 
another D 2 antagonist, reduced the effects of intra-ac- 
cumbens amphetamine. Our results show further that a 
low dose of pimozide shifted the peak amphetamine-pro- 
duced enhancement of responding for conditioned re- 
ward to the right, suggesting decreased reward. The 
higher dose of pimozide eliminated the amphetamine- 
produced enhancement but not the conditioned reward 
effect itself. A higher dose of pimozide might have elimi- 
nated the conditioned reward effect. The shifts in dose-re- 
sponse function make it difficult to attribute the effects of 
pimozide and SCH 23390 to a simple motor impairment. 
These results suggest that pimozide and SCH 23390 act- 
ed to reduce the reward-enhancing effects of am- 
phetamine and are in accordance with many studies 
showing that Da and D 2 antagonists impair reward (Fen- 
ton and Liebman 1982; Roberts and Vickers 1984; 
Nakajima 1986; Nakajima and McKenzie 1986; 
Beninger et al. 1987; Koob et al. 1987; Kleven and 
Woolverton 1990; Nakajima and O'Regan 1991). 

Besides antagonizing Dj and D 2 receptors, respective- 
ly, SCH 23390 and pimozide have actions on 5-HT 2 re- 
ceptors (Hicks et al. 1984; Bischoff et al. 1986). Although 
there is no evidence that responding for conditioned re- 
ward is dependent on serotonergic mechanisms, at 
present this possibility cannot be ruled out. 

Metoclopramide reduced responding without shifting 
the peak effect in the amphetamine dose-response func- 
tion. The middle dose appeared to eliminate the am- 
phetamine effect whereas the highest dose seemed to 
eliminate the conditioned reward effect itself. The failure 
of increasing doses of amphetamine to reinstate respond- 
ing suggests that metoclopramide produced its reward- 
attenuating effects differently than SCH 23390 or pi- 
mozide. 

The reward-enhancing effects of amphetamine may be 
understood through its mechanism of action. Dopamine 
is released when an animal is presented with rewarding 
stimuli (Blackburn et al. 1986; Hernandez and Hoebel 
1988; Radhakishun et al. 1988; Nakahara et al. 1989; 
Phillips et al. 1991), suggesting that there may be a do- 
pamine signal involved in reward. Amphetamine, which 
enhances the neurogenic release and inhibits the re-up- 
take of dopamine (Scheel-Kruger 1971; Westerink 1979), 
enhanced responding for conditioned reward possibly by 
enhancing this putative DA signal. Apomorphine, which 
directly stimulates DA receptors, impaired responding 
for conditioned reward (Robbins et al. 1983; Mazurski 
and Beninger 1986; Beninger and Ranaldi 1992), suggest- 
ing that tonic stimulation of DA receptors may have 
masked the DA signal. 

Previous studies have shown that blockade of either 
D 1 or D 2 receptors attenuated responding for food, 
chemical or brain stimulation reward (Beninger et al. 
1987; Kurumiya and Nakajima 1988; Winocour et al. 
1988; Nakajima and Baker 1989; Corrigall and Coen 
1991; Hiroi and White 1991; Nakajima and O'Regan 
1991). The present findings suggest that intact function- 
ing of both receptor subtypes is important in conditioned 
reward as well. The manner in which each receptor sub- 
type contributes to reward may be different. Recently it 
was suggested that the D~ receptor is important in medi- 
ating reward (Beninger et al. 1989; Miller et al. 1990; 
Beninger 1991). Beninger and Ranaldi (1992) demon- 
strated that D~, but not D2, agonists eliminated respond- 
ing for conditioned reward, suggesting that tonic stimula- 
tion of D 1 receptors may mask the reward signal leading 
to a loss of control over behaviour by the conditioned 
stimulus. The present results showing that SCH 23390 
attenuated the reward-enhancing effects of amphetamine 
can be explained as direct antagonism of the putative D 1 

reward signal. Increasing the dose of amphetamine led to 
reinstatement of responding possibly through increased 
DA release and a reinstatement of the DA reward signal 
at the D t receptor. 

Some evidence may appear to contradict the D1 signal 
hypothesis. Everitt and Robbins (1992) reported en- 
hanced responding for conditioned reward with intra-ac- 
cumbens SKF 38393. Tonic stimulation of D 1 receptors 
apparently failed to mask the putative DA signal associ- 
ated with reward. However, Chu and Kelley (1992) failed 
to observe enhanced responding for conditioned reward 
when CY 208-243, another D~-selective agonist, was in- 
fused into the nucleus accumbens. It has been reported 
that SKF 38393 may be neurotoxic (Kelley et al. 1990). 
Perhaps the results of Everitt and Robbins (1992) were 
related to this action of the drug. 
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Enhanced conditioned reward seen with intra-accum- 
bens DA (Cador et al. 1991) or a combination of CY 
208-243 plus quinpirole and the failure of CY 208-243 to 
disrupt responding for conditioned reward (Chu and Kel- 
ley 1992) does not exclude the possibility that a DA sig- 
nal at the D 1 receptor in some other DA terminal region, 
e.g. the caudate-putamen, may be sufficient for reward. In 
support, a small increase in responding for conditioned 
reward was seen with intra-caudate-putamen injections 
of amphetamine (Taylor and Robbins 1984; Kelley and 
Dells 1991b). In studies examining enhanced responding 
for conditioned reward produced by accumbens am- 
phetamine, 6-OHDA lesions of the caudate-putamen had 
little effect except possibly at the highest dose (Taylor and 
Robbins 1986) whereas nucleus accumbens lesions elimi- 
nated the amphetamine effect but, surprisingly, not the 
conditioned reward effect itself. This might suggest that 
the signal is in both the nucleus accumbens and the cau- 
date-putamen and that either signal is sufficient for con- 
ditioned reward. This leads to the prediction that a dis- 
ruption of the putative DA signal in both structures 
might be required to impair the increase in responding 
for conditioned reward produced by amphetamine and 
the conditioned reward effect itself. In support of this 
speculation one study, performed to evaluate the contri- 
butions of both accumbens and caudate-putamen do- 
pamine to avoidance responding, a behaviour which can 
be understood in terms of reward processes (Beninger 
1983, 1989a, 1991), showed that disruption occurred only 
when both sites were injected with 6-OHDA (Koob et al. 
1984). Thus, the data of Everitt and Robbins and others 
do not require rejection of the hypothesis that there may 
be a signal at the D 1 receptor that is critical for reward- 
related learning. 

D 2 receptors contribute to reward differently from D 1 
receptors. The present results suggest that DA activity at 
the D 2 receptor may be necessary for reward. However, 
experiments showing that conditioned reward can be en- 
hanced with D2 agonists suggests that this activity may 
not need to be temporally coupled to the conditioned 
stimulus (Beninger and Ranaldi 1992). Perhaps stimula- 
tion of Dz receptors constitutes part of the behaviourally 
arousing or energizing aspects of reward. Indeed, the nu- 
cleus accumbens, which is involved in motor  activation 
(Le Moal and Simon 1991), may also serve to link timbic 
areas and the striatum (Milner 1977; Mogenson et al. 
1980; White and Milner 1992). Perhaps DA release in 
this region provides the energizing component  of reward. 
Microinjections of D 2 agonists and antagonists in the 
accumbens produced facilitatory and inhibitory effects 
(White et al. 1991; Hiroi and White 1991), respectively, 
on reward-related learning. It is possible that D2 stimula- 
tion provides behavioural arousal which is controlled by 
the conditioned reward through a DA signal. In this way, 
D2 antagonists would lead to the present observation of 
reduced responding for reward by blocking its energizing 
component (cf. Miller et al. 1990). The recent report by 
Chu and Kelley (1992) that intra-accumbens quinpirole 
failed to increase responding for conditioned reward 
would appear to be inconsistent with this interpretation. 
Further studies with D2 agonists clearly are needed. 

The different effects produced by pimozide and meto- 
clopramide may be related to their pharmacological 
properties. There is evidence that metoclopramide binds 
in the striatum more than in the nucleus accumbens 
(Costall and Naylor 1976; Elliott et al. 1977; Jenner et al. 
1978; Maidment and Marsden 1987) and that blockade 
of D2 receptors in the striatum produces Parkinsonian 
symptoms. Thus, metoclopramide may have produced 
motor  effects. SCH 23390 and pimozide, with a more 
even distribution, may have produced greater blockade 
of reward. 

The present study showed that DA transmission is 
important  in reward. In addition, the results suggest that 
amphetamine-produced enhancement of responding for 
conditioned reward may require intact functioning of 
both D 1 and D 2 receptors. 
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