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CARNOY, P., S. RAVARD, B. WEMERMAN, Pn. SOUBRIE AND P. SIMON. Behavioral deficits induced by low doses 
of  apomorphine in rats: Evidence fi)r a motivational and cognitive dysJbnction which discriminates among neuroleptic 
drugs. PHARMACOL BIOCHEM BEHAV 25(3) 503-509, 1986.-In order to further assess the alterations (motor, motivational 
or cognitive) that might underlie animal behavioral deficits associated with a reduced dopamine transmission, the effects of 
apomorphine at doses thought to stimulate dopaminergic autoreceptors were studied on rat operant behavior. Apomorphine (30 
/zg/kg SC) decreased the number of food rewards obtained, when rats trained on a continuous reinforced schedule were shifted to 
schedules of fixed ratio higher than 2:FR3, FR4, and FR8. In rats shifted to a FR4 schedule, apomorphine (7.5, 15, 30, 60/.tg/kg 
SC) dose-relatedly reduced the number of rewards obtained. In rats subjected to previous extinction sessions, apomorphine (30 
/zg/kg) did not affect lever pressing reinstated on presentation of primary reinforcers but inhibited responding renewed on 
presentation of secondary reinforcers. Under a FR(3 + 1) schedule where the last (rewarded) response was distinct from the initial 
(non-rewarded) responses, the detrimental effect of apomorphine on response rates was considerably weaker than under a 
conventional FR4 schedule. The reward deficits caused by apomorphine under the FR4 schedule were dose-dependently 
and completely reversed by amisulpride (0.125, 0.25, 0.5, 1 and 2 mg/kg), pimozide (0.125 mg/kg), sulpiride (8, 16, 32 and 64 
mg/kg), but not by conventional neuroleptics (namely chlorpromazine, fluphenazine, haloperidol, metoclopramide and 
thioridazine). It is suggested that behavioral deficits associated with a reduced dopamine transmission such as that caused 
by low doses of apomorphine involve motivational and cognitive dysfunctions rather than motor impairments. In account 
of its differential sensitivity to neuroleptic drugs, apomorphine-induced deficit might have some relevance for a further 
delineation of the mechanisms of action of these compounds. 
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B L O C K A D E  of  dopaminergic  t ransmission with neurolept ic  
drugs repor tedly  induced var ious behavioral  deficits,  includ- 
ing reduced locomotor  act ivi ty  or  decreased  per formance  in 
posi t ively and negatively re inforced operant  tasks [1, 9, 16, 
23]. In agreement  with lesion studies, this has led to the 
implication of  dopaminergic  neurons  in motor  capabil i ty,  
mot ivat ional  processes  and cogni t ive funct ions [1, 16, 23]. 

H o w e v e r ,  when using neurolept ic  drugs,  and despite 
considerable  invest igat ion,  there is still difficulty in sorting 
out the relat ive importance o f  motor  vs. mot ivat ional  or  
cogni t ive impairments  in the behavior -modify ing  effects of  
blocking dopaminergic  t ransmission.  [5, 6, 9, 12, 13, 23]. 
This prompted  us to invest igate  in rats whe ther  a reduced 

dopaminergic  t ransmission as that thought  to result f rom a 
st imulation of  dopamine  (DA) au toreceptors  [3, 4, 15, 17] 
may deter iorate  operant  behavior  via a disruption o f  motiva-  
tional or  cognit ive processes  rather than of  motor  
capabilit ies.  

With that aim, the effects  of  apomorphine  at doses  (low 
doses)  thought to exert  a preferential  st imulation of  DA au- 
toreceptors  were  studied on a posi t ively reinforced operant  
behavior .  It has been proposed  that a drug which primarily 
affects motivat ional  processes ,  must  have a more profound 
suppressant  effect,  on per formance  maintained by low rather  
than high re inforcement  f requencies  [9,12]. Hence ,  the ef- 
fects of  apomorphine  on the per formances  of  rats subjected 

tRequests for reprints should be addressed to Ph. Soubrie at above address. 
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to schedules of food presentation of varying fixed ratio: 
I(CRF), 2(FR2), 3(FR3), 4(FR4) or 8(FR8), were first com- 
pared. A second set of experiments was carried out to inves- 
tigate whether, in rats trained to press for food and then 
subjected to extinction sessions, apomorphine differentially 
affected the pressing behavior reinstated by secondary vs. 
primary (food) reinforcers. On FR schedules, the animals 
must repeat a specified number of times the same response 
for reward to be obtained, thus with reward or non-reward 
being associated with the performance of identical re- 
sponses. Whether apomorphine might alter the cognitive 
processes involved in the treatment of such an ambiguous 
situation was evaluated thirdly. For that purpose, we studied 
the effects of this drug on a FR schedule in which the re- 
sponse that was followed by the reward delivery was distinct 
from the non-rewarded, prerequisite presses. Finally, the 
action of various neuroleptic drugs on apomorphine-induced 
performance deficit under the FR4 schedule was examined in 
order to compare the sensitivity of this deficit with the re- 
ported hypokinesia produced by low doses of apomorphine 
[2-4, 10, 11,201. 

METHOD 

The experiments were carried out on male Wistar A.F. 
rats (Centre d'61evage R. Janviev, France) weighing 170-190 
g on the day of the experiment. The animals were housed in 
groups of 10, under standard conditions (room temperature: 
21_+1°C, light/dark cycle: 12 hr/12 hr) with free access to 
water and food. During training, food was restricted in order 
to maintain the animals at about 80% of their normal body 
weight. 

Training Procedure 

The experiments were performed using operant chambers 
(Campden Instruments, London, UK) housed in a ventilated 
sound attenuated cubicle, with an automatic dispenser deliv- 
ering 45 mg noyes pellets. The operant chambers were 
equipped with two levers (5.5 cm above the floor) which 
required a vertical force of at least 12 g to operate the mi- 
croswitch. Pellets were delivered into a recess between the 
two levers. The rats were trained (one daily session of 15 min 
over 2 weeks) to press the right lever of the operant chamber 
in order to obtain pellets according to a continuous rein- 
forcement schedule (CRF). 

Eff~,cts oJApomorphine and Reit(f~rcement Frequency 

At the end of the training phase, rats of separate groups 
(n=20 per group) were either maintained on CRF or shifted 
from CRF to schedules of different fixed ratios (2,3,4,8). For 
each of these groups, rats were injected subcutaneously (SC) 
with either apomorphine HCI 30 p.g/kg or saline, 15 rain be- 
fore a test-session that took place after the rats were 
habituated or not habituated to their FR testing condition. In 
a second set of experiments, separate groups of rats (n= 10 
per group) were injected SC 15 min before testing with 
apomorphine HCI: 0, 7.5, 15, 30 or 60 p,g/kg before a 15 min 
FR4 (first exposure) or CRF session. Thirdly, we investi- 
gated the effects of apomorphine under high response rate 
demands. After training, rats (n= 10 per group) underwent 
seven daily FR4 sessions and then were subjected to a 15 min 
FRI6 session, after receiving 0 or 30 ~g/kg of apomorphine 
(SC 15 min before testing). 

£7[J'ects of Apomorphine and Nature of the Reit{/~,'cement 

These experiments were performed to examine whether 
apomorphine might affect the rewarding value of secondary 
rather than primary reinforcers. After the training phase, rats 
were subjected to two consecutive 30 min daily extinction 
sessions during which lever pressing was no longer followed 
by either reward delivery or the noises associated with the 
activation of the pellets dispenser. Rats were then divided 
into 3 sub-groups and subjected to a single experimental 
session conducted under one of the following conditions. In 
condition 1, after completion of an initial 2 min extinction 
period, lever pressing was associated with the contingent 
activation of the unloaded food dispenser, whereas in condi- 
tion 2 the first two presses performed after the 2 min period 
were followed by pellet delivery. In the third condition, rats 
were maintained under non-reward. Fifteen minutes betk)re 
the experimental session, rats were given 0 or 30 #g/kg 
apomorphine SC (n -10  per group). The number of lever 
presses during the 3 min after the onset of changes during 
extinction were recorded for each rat; bar pressing of rats 
maintained on extinction was recorded during an equivalent 
3 min period. 

E.l.~,cts of Apomorphine and Reitl/~rcement Contingency 

As distinct from the usual training procedure, rats were 
trained to push open the flap preventing access to the tray in 
order to obtain food pellets. After one week of training, rats 
were progressively required (over a 3 week-period) to per- 
form 1, and 2 and finally 3 successive presses on the right 
lever before pushing the flap to be reinforced. Therefore, a 
specified number of responses (4) was required of the rats 
but, as distinct from conventional FR4 schedules, the 3 ini- 
tial non-rewarded responses of the sequence were distinct 
from the response that was followed by pellet delivery-- 
FR(3+ 1) stands for this schedule. The effects of apomor- 
phine (30 p.g/kg SC, 15 min before test) on responding during 
a 15 min session, were compared on rats trained under FR4 
or FR(3+ 1) schedules. 

Reversal by Neuroleptic Druj~,s ~/'the L~f'lt, cts ~[ 
Apomorphine 

On the day of the experiments, rats were switched from 
CRF to FR4 schedule. Before being subjected to a 15 rain 
FR4 session, separate groups of rats were pretreated with 
varying doses of neuroleptics IP (8 to 16 animals per dose) 
and then challenged with 30/xg/kg apomorphine SC 15 rain 
before test. The following neuroleptics, amisulpride (0. 125 to 
4 mg/kg), pipotiazine (0.125 to 2 mg/kg), sulpiride (4 to 128 
mg/kg), and thioridazine (0.06 to 2 mg/kg), were adminis- 
tered in suspension in acacia gum, I hour before testing, and 
pipotiazine 30 rain before testing. Haloperidol (0.015 to 0.125 
mg/kg) and pimozide (0.06 to 0.25 mg/kg) dissolved in tar- 
taric acid (1.5%) were injected 30 rain before testing. Chlor- 
promazine HCI (0.125 to 0.5 mg/kg), fluphenazine 2 HC1 
(0.015 to 0.125 mg/kg) and metoclopramide HC1 (0.25 to 1 
mg/kg) were administered in bidistilled water, 30 min before 
testing. As a control, the ability of sulpiride (8, 16. 128 
mg/kg), pimozide (0.125 mg/kg) and haloperidol (0.125 
mg/kg) to modify by themselves FR 4 responding was inves- 
tigated. 

Unless otherwise noted, the number of food rewards ob- 
tained by each rat during 15 rain was recorded in all the 
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FIG. 1. Effects of apomorphine on food rewards (mean±SEM) ob- 
tained in 15 rain by rats subjected to operant schedules of varying 
fixed ratio (FRI, FR2, FR3, FR4, FR8). Separate groups of rats 
were trained under continuous reinforced schedule and then, either 
maintained under this condition (FR1) or shifted to a given FR 
schedule, 15 minutes after receiving a single injection of apomor- 
phine (30 ~g/kg SC) or saline. The inset graph depicts the number 
(mean_+SEM) of pellets obtained by apomorphine-treated rats as a 
percent of saline injected controls. *Indicates significant differ- 
ences (i)<0.05) between apomorphine- and saline-treated rats. 
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FIG. 2. Dose-response curve of apomorphine in worsening reward 
deficits in rats shifted from continuous reinforced schedule (CFR) to 
FR4 schedule. Data are the mean (±SEM) number of food pellets 
obtained in 15 min. Rats were trained under CRF conditions and 
shifted to a fixed ratio 4 schedule of food presentation 15 minutes 
after receiving apomorphine SC. *Indicates significant differences 
(p<0.05) between apomorphine- and saline-treated rats. 

exper iments .  Statistical significance was determined by 
analysis of  var iance fol lowed by Dunne t ' s  t test for multiple 
compar isons .  

RESULTS 

Ef[~'cts of Apornorphine and Reinfi~rcement Frequency 

Rats trained on a C R F  schedule and shifted to a fixed 
ratio (FR) schedule showed a decrease  in the number  of  
re inforcements  obtained,  the magnitude of  the decrement  
being more important  as the ratio of  the schedule e levated 
(Fig. 1). Under  these condi t ions,  apomorphine  30/zg/kg in- 
duced a further detr imental  effect ,  the intensity of  which 
correla ted posi t ively with the value of  the ratio of  the 
schedule.  Whereas  no significant difference was observed  
be tween  saline- and apomorphine- t rea ted  rats under  
F R I ( C R F )  or  FR2 schedules ,  the number  of  re inforcements  

obtained by apomorphine- t rea ted  rats was significantly 
(p<0.05) decreased under  the FR3, FR4 and FR8 schedules 
as compared  with sal ine-treated rats (Fig. 1). In rats shifted 
to the FR4 schedule,  apomorphine  dose-dependent ly  de- 
creased (linear regression F(I ,49)=11.26,  p<0.01) ,  the 
number  of  re inforcements  obtained (Fig. 2). In rats main- 
tained under  the C R F  schedule,  apomorphine  did not signifi- 
cantly affect responding up to the dose of  60/.tg/kg which 
produced a limited (30%) though significant (,0<0.05) reduc- 
tion in the number  of  food pellets del ivered (data not shown). 
In animals shifted to FR16 schedule after 7 daily FR 4 ses- 
sions, apomorphine  30 /zg/kg significantly reduced the 
number  of  pellets obtained in the session: 39_+4.8 vs. 
23.7_+5.2 (/9<0.05) and thus did not prevent  the animals from 
performing a number  of  presses (372_+83) that would not 
result in a significant reward deficit under  FR3 or FR4 con- 
ditions. 
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FIG. 3. Effects of apomorphine on lever pressing previously extin- 
guished and then reinstated either by presentation of response- 
contingent reward (2 pellets = primary reinforcer) or by activation 
of the unloaded food dispenser (secondary reinforcer). The data are 
the mean number (_+SEM) of presses during 3 minutes. ~rlndicates 
significant differences (/)<0,05) between apomorphine- and saline- 
treated rats. 

Effects of Apomorphine and Nature of the Reinforcement 

In rats previously subjected to extinction sessions and 
maintained under non-reward condition at the beginning of 
the experimental session, the delivery of two response- 
contingent pellets or the activation of the unloaded food dis- 
penser produced (during 3 min) a substantial renewal of re- 
sponding as compared to rats maintained under extinction 
conditions. Apomorphine 30 ktg/kg did not significantly af- 
fect responding temporarily reinstated by presentation of 2 
food-pellets but significantly depressed (p<0.01), responding 
renewed by presentation of secondary reinforcers such as 
the noises inherent in the activation of the food dispenser 
(Fig. 3). 

EJfects ~ffApomorphine and Reinfi)rcement Contingency 

As shown in Table 1, apomorphine 30/zg/kg significantly 
depressed responding for food in rats trained under a con- 
ventional FR4 schedule. In rats required to bar press 3 times 
and then to push open the flap of the tray in order to obtain 
pellets (FR3+I) ,  apomorphine significantly reduced the 
number of pellets delivered. This reduction, however was 
significantly lower (p<0.01) as compared with that observed 
under the FR4 schedule (Table 1). Interestingly, under the 
FR(3+ 1) schedule, apomorphine did not affect the efficiency 
(ratio: reward/press) of the animals: controls: 69.3/393.7 = 
0.18 vs. 52.2/336.7 = 0.16 in apomorphine-treated rats. 

TABLE 1 
EFFECTS OF APOMORPHINE ON FOOD OPERANT BEHAVIOR ARE 

DEPENDENT UPON REINFORCEMENT CONTINGENCIES 

Number of rewards obtained by trained rats 
(mean +_ SEM) 

in FR4 in FR(3 + 1) 

Controls (28) 85.8 +_ 8.0 (26) 69.3 +_ 4.0 
Apomorphine (28) 45.2 +_ 5.1" (26) 52.2 _+ 3.8* 

(30/xg/kg) 
Difference 40.6 _+ 6.5 17.1 + 2.3 

(controls vs. 
apomorphine) p<0.01 

Under the fixed ratio 4 (FR4) schedule, rats were trained to press 
the lever 4 times to obtain pellets whereas, under the FR(3 + 1) 
schedule, rats were required to press the lever 3 times and then, 
push open (once) the flap preventing access to the tray to be rein- 
forced. 

Apomorphine was given subcutaneously 15 min before a single 15 
rain test-session. 

Statistical comparisons were made by using ANOVA followed by 
Dunnett's t test. *p<0.01 as compared with controls. Number of 
animals under each condition are given in parenthesis. 

Reversal by Neuroleptic Drugs ~ffthe Effects qf" 
Apomorphine 

The deficit provoked by 30/~g/kg of apomorphine on the 
first FR4 session was significantly reversed (Table 2) either 
completely and dose-dependently by amisulpride (active 
doses: 0.125-0.25-0.5-1 and 2 mg/kg), pimozide (0.125 
mg/kg), sulpiride (8-16-32 and 64 mg/kg) or partially by 
pipotiazine (0.5 mg/kg). The antagonistic activity of all these 
drugs waned at high doses, probably because their ability to 
decrease FR 4 performance, since by itself, sulpiride for in- 
stance (128 mg/kg) decreased by 45% the number of pellets 
obtained during a 15 min FR4 session (37.0+_4.0 vs. 
17.0_+5.2, p<0.05). At none of the doses tested, were the 
effects of apomorphine antagonized by the following 
neuroleptics: chlorpromazine, fluphenazine, haloperidol, 
metoclopramide and thioridazine (Table 2). Fluphenazine 
(0.125 mg/kgL haloperidol (0.125 mg/kg), and chlor- 
promazine (0.5 mg/kg) significantly enhanced the deficit 
caused by apomorphine. This was probably the result of an 
addition of the effects of apomorphine and of these 
neuroleptics in depressing FR4 responding since, for in- 
stance, haloperidol (0.125 mg/kg) was found to reduce the 
number of pellets obtained during a 15 rain FR4 session in 
saline-treated rats (41.5_+5.1 vs. 9.7_+4.2,p<0.01). At doses 
which completely reversed the apomorphine-induced reward 
deficit, sulpiride (8 and 16 mg/kg) or pimozide (0.125 mg/kg) 
were not able to enhance FR4 performance in animals not 
treated with apomorphine (number of food pellets: controls: 
38.5_+4.9; sulpiride 8: 42.7+2.3; sulpiride 16: 30.5+3.4; 
pimozide 0.125: 32.7+3.6). 

In a complementary experiment was observed that the 
inhibitory effect of apomorphine (30 /zg/kg) on responding 
renewed by secondary reinforcers was significantly reversed 
by sulpiride 16 mg/kg (controls: 16.6_+2.0; apomorphine 
alone: 8.5_+ 1.4; apomorphine + sulpiride: 13.2_ + 1.7, t =2.13, 
p<0.05.) but not by haloperidol 30 tzg/kg. 
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T A B L E  2 

DIFFERENTIAL ABILITY OF NEUROLEPTIC DRUGS IN REVERSING THE APOMORPHINE-INDUCED 
REWARD DEFICITS IN RATS SHIFTED FROM CRF TO FR4 SCHEDULE OF FOOD DELIVERY 

Active Neuroleptic (NL) Drugs Inactive Neuroleptic (NL) Drugs 

AMIS PIMO PIPO SULP CHLO FLUP HALO METO THIO 

19_+ 3 33 _+ 2 18 _+ 4 20_+ 2 20_+ 3 13 _+ 3 23_+ 2 13 _+ 2 Apoalone 14 _+ 1 
+ NL mg/kg 

0,015 
0,03 
0,06 24 -+ 5 
0,125 22_+ 3* 29_+ 4? 38_+ 4 
0,25 22_+ 3* 14_+ 3 33_+ 3 
0,5 31 _+ 2+ 39 _+ 2* 

1 23 + 4+ 34 _+ 2 
2 19_+3 32_+4 
4 19_+3 
8 

16 
32 
64 
Saline 31 _+ 6 35 _+ 4 50_+ 1 

29_+ 3 
33 _+ 2*t 
35 _+ 2*t 
44 _+ 3*t 
33 _+ 6*t 
37_+4 

22 _+ 2 20 _+ 7 
22_+3 16_+6 
22_+4 14_+6 

21_+3 11_+2 3_+1 16_+4 
25 _+ 3 26_+ 4 13-+ 2 
14_+3 24_+4 16_+4 

9_+6 
8_+2 

38_+ 3 35_+ 2 40_+ 4 40_+ 6 42_+ 3 

Data are the mean number (_+ SEM) of pellets obtained in 15 minutes. Apomorphine (30/xg/kg) was 
injected SC 15 minutes before the session, either in rats pretreated with saline (Apo alone) or with 
neuroleptics (+ NL) injected intraperitoneally. Amisulpride (AMIS), sulpiride (SULP) and 
thioridazine (THIO) were given 1 hour before testing. Pimozide (PIMO), pipotiazine (PIPO), chlor- 
promazine (CHLO), fluphenazine (FLUP), haloperidol (HALO) and metoclopramide (METO) were 
administered 30 minutes before testing. 

The number (_+ SEM) of food pellets obtained in 15 minutes by the separate saline-saline treated 
groups of rats are given in the last line of the table (saline). 

*Significant increase as compared with rats treated with apomorphine alone (p<0.05, Dunnett's t 
test). 

tNo significant difference vs. saline-treated rats. 

While this article was in the editorial process ,  some ex- 
per iments  were  per formed with ri tanserine and imipramine.  
Ritanserine,  a 5-HT receptor  b locker  was given IP 30 rain 
before apomorphine  challenge at doses  ranging from 0.06 to 
8 mg/kg. Imipramine was injected twice daily (8 mg/kg IP) 
during seven days,  the last injection being performed 1 hr 
before apomorphine  challenge.  Nei ther  drug was found to 
antagonize the deficits produced by apomorphine  under  the 
FR4 schedule.  

DISCUSSION 

This  study shows that low doses  of  apomorphine  dis- 
rupted rat operant  responding under  fixed ratio schedules  of  
food del ivery.  This detr imental  effect was increasingly 
marked as the imposed ratio of  the schedule e levated.  F rom 
the results of  the present  exper iment ,  a t tempts  can be made 
to sort out the various (motor ,  motivat ional  or  cognit ive)  
dis turbances  that might account  for the observed  effects of  
apomorphine .  Since,  at the doses  studied, apomorphine  is 
thought to reduce dopaminergic  t ransmission through a 
stimulation o f D A  autoreceptors  [2, 3, 11, 15, 17], this study 
may shed further  light on the role of  DA-conta in ing neurons 
in the control  of  behavior  and on the neuropsychologica l  
processes  that could primari ly be affected by a reduced 
dopaminergic  transmission.  

Motor Impairment 

Low doses of  DA agonists  have abundantly been reported 
to reduce locomotor  activity in rodents  [3, 4, 10, 1 I, 20]. The 
decline in response rate produced by apomorphine  on oper- 
ant behavior  might be related to motor  impairment .  Two 
facts militate against such a hypothesis .  Apomorph ine  30 
/zg/kg did not significantly alter per formances  of  rats working 
on CRF,  but abolished responding reinstated by secondary 
reinforcers whereas  this drug almost  spared renewal of  
pressing caused by food del ivery.  It is still conce ivable ,  
however ,  that motor  impairment  might only be observed  
under  high response demands  (FR as opposed  to C R F  
schedule). Two facts lend little support for this motor  de- 
bilitation hypothesis: first under FR16 schedule, 
apomorphine- t rea ted  rats can perform a number  of  presses 
(400 ove r  a 15 rain session) that would result in no reward 
deficit under the FR3 or FR4 schedules,  and second,  
apomorphine- t rea ted  rats are capable to emit  about  340 
presses in 15 rain under the FR(3+ 1) schedule.  

Motivational Processes attd Cognitive Functions 

In agreement  with the hypothesized motivat ional  blunt- 
ness caused by DA receptor  blockade [23], our  data  may 
suggest that the rate decreasing effect of  apomorphine  in- 
vo lves  a reduct ion in the rewarding value o f  reinforcers.  In 
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particular, the more marked effect of apomorphine on 
schedules of elevated fixed ratio is concordant with the 
anhedonia hypothesis such as that based on a mathematical 
model of the law of effect [9,12]. This hypothesis posits that 
a drug which induces an anhedonic state, must have a more 
profound suppressant effect on performance maintained by 
low reinforcement frequencies than on performance main- 
tained by high reinforcement frequencies. Above and be- 
yond a possible primary reinforcement deficit, the fact that 
apomorphine exerted a differential effect on responding 
reinstated by primary vs. secondary reinforcers (only the 
latter being blocked by this drug) tends to indicate that, in 
apomorphine-treated rats, incentive stimuli or secondary 
reinforcements themselves have a blunted impact. This 
possibility offers a plausible explanation for apomorphine- 
induced reward deficits under elevated FR schedules since, in 
conditions (including FR schedules) in which reward is 
temporarily omitted, secondary reinforcers play a critical 
role in maintaining responding [20]. Moreover the detrimen- 
tal effects of apomorphine on elevated FR schedules and on 
pressing renewed by secondary reinforcement exhibited an 
identical, differential sensitivity to neuroleptic drugs such as 
sulpiride and haloperidol. 

The extent to which response rates were decreased by 
apomorphine was not dependent on whether the animals 
were adapted to a certain schedule value or were tested on 
the day of transition from one schedule to another. This 
makes it unlikely that disruption in learning processes may 
greatly account for the apomorphine-induced deficits. 
Apomorphine-induced deficits might be related to the inabil- 
ity of the drugged rats to deal with a task leading to con- 
tradictory information. Typically, FR schedules are situa- 
tions in which identical responses (lever press) are not asso- 
ciated with identical consequences. In the FR4 schedule, for 
instance, 3 presses are not rewarded whereas the fourth re- 
sponse is followed by a pellet delivery. The observed les- 
sened ability of apomorphine to disrupt rat performance in a 
schedule FR(3+I)  designed to minimize the ambiguous as- 
pect of FR schedules, might give some credence to this latter 
hypothesis. Hence, the detrimental action of apomorphine 
on conventional FR schedule might be accounted for by a 
disruption of cognitive processes similar to that tentatively 
associated with an impaired ability to ignore irrelevant stim- 
uli [1, 18, 21]. Indeed, sustained responding under conven- 
tional FR schedules requires that non-reward that follows a 
specified number of presses must in part be tuned-out as 
irrelevant information. Our data may suggest, in agreement 
with the role ascribed to DA-containing neurons in informa- 
tion processing, that both an enhanced, as already reported 
[18,21], but also a reduced DA transmission, produced cog- 
nitive deficits in information selection or response process- 
ing that have been repeatedly referred to in schizophrenia as 
one central characteristic of the disease [7,21]. 

Reversal by Neuroleptics o f  the Effects Induced by 
Apomorphine 

Among the neuroleptics tested, only some (amisulpride, 
pimozide, sulpiride and pipotiazine, though to a lesser ex- 
tent) were found to reverse (at low to moderate doses) the 
effect induced by apomorphine on the FR4 schedule of food 
delivery. This contrasts with the well documented ability of 
the majority of neuroleptics to antagonize the behavioral 
manifestations linked to a stimulation of post-synaptic DA 
receptors such as stereotyped movements or climbing behav- 
ior [16]. 

Several investigators [2, 4, 11, 19] have suggested that 
neuroleptics can be distinguished according to their ability to 
bind to auto rather than postsynaptic DA receptors, although 
the possibility to discriminate these receptors pharmacologi- 
cally has been questioned [8]. One may therefore speculate 
that the reversal by neuroleptics of apomorphine-induced 
reward deficit can only be observed with those compounds 
which, at doses lower than those required to block post- 
synaptic DA receptors, are able to displace apomorphine 
bound on autoreceptors. Thus, neuroleptics inactive in re- 
versing apomorphine effects might be compounds which are 
unable to discriminate auto and postsynaptic DA receptors. 
A similar hypothesis has been proposed to explain the antag- 
onism by neuroleptics of apomorphine-induced hypokinesia 
[2, 11, 19], and most neuroleptics found to suppress apomor- 
phine effects in our conditions also reversed apomorphine- 
induced hypokinesia. However, haloperidol and metoclop- 
ramide, which were inactive in reversing apomorphine ef- 
fects on the FR4 schedule, have been reported to reduce 
apomorphine-induced hypokinesia [2, 4, 11, 19]. Hence it 
seems unlikely that response deficit caused by apomorphine 
can be accounted for by systems mediating sedation or 
motor impairments nor by a single action such as binding to 
DA autoreceptors. Additional factors such as preferential 
action on mesolimbic or mesocortical vs. nigrostriatal 
neurons [22], or discriminative properties with regards to 
different DA receptors subtypes [14], may be of critical im- 
portance. 

Whatever the intimate mechanisms involved, the present 
study indicates that in rats, low doses of apomorphine 
thought to reduce DA transmission, induced behavioral 
deficits similar to those induced by neuroleptics on posi- 
tively reinforced tasks [1, 9, 23]. These results are consistent 
with the role ascribed to DA containing neurons in rein- 
forcement and cognitive processes [!, 13, 18, 21, 23]. How- 
ever, since the contribution of motor impairments in 
apomorphine-induced reward deficits could be minimal, 
stimulation of DA autoreceptors seems to be a more conven- 
ient condition than post-synaptic DA blockade, to study the 
respective role of DA neurons in motor vs. motivational or 
cognitive functions. 
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