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on schedule-induced activity, feeding, 
and foraging in rats 
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The dopamine antagonist haloperidol (HP) decreased motor activity that was induced by peri­
odic presentation offood to food-deprived rats, with the higher doses leading to a marked decline 
in activity across the 30-min test session. However, HP-treated rats continued to consume all 
the food pellets, and 1 rat that was directly observed continued to remain in proximity to the 
food dish. HP also disrupted foraging and food intake in a seminaturalistic environment. In ad­
dition to decreasing food intake, HP decreased the average duration, and increased the total num­
ber, of feeding bouts. These results indicate that although HP disrupted the activational aspects 
offood-motivated behavior in these tasks, HP-treated subjects continued to direct behavior toward 
food acquisition and consumption. 

Administration of dopamine (DA) antagonists to 
animals or humans suppresses a wide variety of behaviors. 
Although this observation is hardly debatable, the pre­
cise reasons for the response-suppressing effects of these 
drugs are still in dispute. It has been suggested that DA 
antagonists cause impairments in the initiation of move­
ment or the execution of motor acts (Ahlenius 1979; 
Fibiger, Carter, & Phillips, 1976; RoUs et al., 1974). 
Such deficits are hypothesized to lead to a decrease in the 
performance of, for example, "spontaneous" activities 
and appetitive and aversive instrumental behaviors 
(Fibiger et al., 1976; Janssen, Niemegeers, & Schel­
lekens, 1965; RoUs et al., 1974). These motor hypotheses 
are consistent with the debilitating motor effects that result 
from lesions of brain DA systems (Marshali, Richards, 
& Teitelbaum, 1974; Stricker & Zigmond, 1976; Unger­
stedt, 1971) and the involvement ofbrain DA in the mo­
tor disorder Parkinson's disease (see review by Hornyk­
iewicz, 1972). 

It also has been suggested that appetitive instrumental 
behaviors are suppressed by DA antagonists because these 
drugs reduce the rewarding impact of such stimuli as food, 
water, and electrical brain stimulation (Wise, 1982; Wise, 
Spindler, DeWitt, & Gerber, 1978; Wise, Spindler, & 
Legault, 1978). Early evidence in support of this view 
came from studies showing that DA antagonists produced 
a decline in responding over time that is similar to ex­
tinction on some schedules of reinforcement (Wise, Spind­
ler, DeWitt, & Gerber, 1978; Wise, Spindler, & Legault, 
1978). More recently, Wise (1982, 1985; Gray & Wise, 
1980) extended his hypothesis to propose that dopamine 
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antagonists produce a motivational deficit, or an attenua­
tion of "motivational arousal." These hypothesized 
deficits in reinforcement and motivational processes have 
been described as being distinct from the motor effects 
of DA antagonists (Wise, 1982, 1985). 

In arecent review, Salamone (1987) suggested that a 
motivational interpretation of DA-antagonist effects 
should not be considered as incompatible with the motor 
functions traditionally assigned to DA systems. A num­
ber of researchers have noted that motor activity is an im­
portant feature of motivated behavior. Stricker and Zig­
mond (1976) acknowledged the relationship between 
motor activity and motivation, and observed that lesions 
of brain DA systems reduced "behavioral responsive­
ness" (p. 140). Broekkamp, Van Dangen, and Van Ros­
sum (1977) argued that it was somewhat arbitrary to draw 
a line between motivational and motor systems in the 
brain. Young (1961) observed that the arousal of activity, 
the sustaining of activity in time, and the regulation of 
the pattern of activity are processes fundamentally related 
to the concept of motivation. 

The present experiments were conducted to illustrate 
that the DA antagonist haloperidol (HP) produces deficits 
in aspects of motor output that are necessary for the per­
formance of food-motivated behaviors. In Experiment 1, 
the effects of HP on motor activity induced by periodie 
presentation offood were assessed. Killeen (1975, 1981) 
showed that food-deprived animals that received sched­
uled presentations of single food pellets exhibited in­
creased motor activity directly related to the rate of food 
presentation. This paradigm offers a way of studying the 
effects of HP on the arousal of activity induced by a 
motivationally relevant stimulus. In Experiment 2, HP 
was administered to rats trained on a foraging paradigm 
in which complex and highly organized food-related be-
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haviors were observed. The results of these experiments 
allowed for the assessment of the effects of HP on the 
arousal, maintenance, and pattern of food-motivated be­
haviors. 

EXPERIMENT 1 

In Experiment 1, HP was administered to animals 
trained on a schedule-induced activity paradigm. Initially, 
the relationship between the rate of food presentation and 
the number of motor activity counts was investigated in 
order to establish that the activity observed in the appara­
tus was food-related, and to select a rate of food delivery 
that was suitable for the HP study. Next, a group of rats 
was used to study the effects of HP on schedule-induced 
motor activity. Finally, 1 of the subjects in the drug study 
was directly observed in the activity charnber in order to 
record the time it spent in proxirnity to the food dish; the 
effects of HP on this behavior were compared with those 
of extinction. 

Method 
Subjects. Male Sprague-Dawley rats (Harland, Madison, WI), 

which weighed 350-400 g, were used. Each rat was individually 
housed in a colony with a temperature of 2ZO-2°C and a 12-h 
light:dark cyc1e (lights on at 0800 h). All rats were deprived to 85% 
of their free-feeding body weights. One rat was used to investigate 
the relationship between rate of food presentation and activity. Six 
rats were used for the drug study, and 1 of them was directly ob­
served with respect to its proximity to the food dish, as described 
below. 

Apparatus. The activity box was a rectangular, 52 x 33 x 33 cm, 
wooden box. The floor consisted ofthree rectangular, 16x28 cm 
panels. Each panel was balanced on a rod in the center, and thus 
could be displaced slightly up and down. When a given side of a 
panel was displaced, the lever on that side triggered a microswitch 
on the outside of the box. The pulsed output of each switch trig­
gering was counted as a single activity count. In the middle of one 
side ofthe box was an 8x5 cm aluminum food dish. A Davis In­
struments feeder delivered 45-mg Bioserve food pellets to the food 
dish. Electromechanical counters and timers were used to control 
the experiment and collect activity data. A small wide-angle view­
ing port in the charnber wall enabled an observer to record behavioral 
data without disturbing the rat. 

Procedure. All sessions were 30 min, and were conducted in the 
period 2-8 h after lights on. An individual rat was used to study 
the effect of food delivery rate on activity. This rat was initially 
exposed to a schedule of receiving one 45-mg food pellet every 
30 sec (fixed time, or FT, 30 sec). After several days ofinitial ex­
posure, the rat then received two 3-day blocks under each of the 
following schedules: FT 30 sec, FT 60 sec, FT 120 sec, 
PT 360 sec, and extinction. The particular order in which the 3-
day blocks were conducted was randomly varied. 

The 6 rats used to study the effects of HP on schedule-induced 
activity were all tested on an FT 30-sec schedule. The rats were 
exposed to the schedule in the activity chamber for several days, 
until the number of activity counts was relatively stable. Predrug 
baseline data were then gathered. A rat was considered to have stable 
baseline performance if, over 3 consecutive days, the total number 
of activity counts for each day did not vary by more than 25 % from 
the mean of all 3 days. Reaching the baseline criterion led to a treat­
ment day, which was followed by a rest day. This sequence of base­
line/treatment/rest was repeated until each rat had received all four 
treatments in random order. The treatments were 1.0 ml/kg physio-

logical saline and 0.1,0.2, and 0.4 mg/kg Haldol (McNeill labora­
tories), all delivered i.p. 60 min before testing began. 

For I rat, an observer, who was unaware of the particular ex­
perimental conditions, recorded the time that the rat spent in prox­
imity to the food dish. This was defined as any time in which the 
rat was facing the food dish within one headlength of its edge. The 
observations on this rat were made during the sessions in which 
the rat received 0.2 and 0.4 mg/kg HP, and also on the baseline 
days prior to each ofthese two treatments. After receiving the treat­
ments for the drug study, this rat was tested and observed during 
extinction. In this particular extinction procedure, the feeder was 
operated every 30 sec, but no food was delivered. 

Data analysis. Total activity counts for the treatment days were 
calculated as apercent of the mean of the 3 previous baseline days. 
These data were analyzed by a repeated measures analysis of vari­
ance (ANOVA). Activity data were also recorded within the five 
6-min periods over the 30-min session. For the data across the 30-
min session, each individual dose was analyzed by a repeated meas­
ures ANOVA. 

Results 
EtTect of food-presentation rate. Figure 1 shows the 

relationship between rate of food presentation and activity 
counts obtained from an individual rat. Activity for this 
animal increased in a monotonic, negativelyaccelerated 
fashion with increasing rate of food presentation. Activity 
was lowest under extinction. These data are consistent 
with the notion that the activity observed was schedule­
induced, and not merely a result of food deprivation. 

Treatment etTects. HP administration reduced overall 
activity in a dose-related manner. Figure 2a shows the 
dose-response curve for total activity in the session. The 
main treatment effect was significant [F(3, 15) = 20.32, 
p < .01]. Figure 2b displays the data on activity across 
the session within the five 6-min periods. There was no 
significant overall decline in activity across the session 
under saline or 0.1 mg/kg HP. However, there were sig­
nificant declines after administration of 0.2 mg/kg 
[F(4,20) = 15.44,p < .01] and 0.4 mg/kg HP [F(4,20) 
= 20.39, p < .01]. 

Despite the decrease in activity that was produced by 
HP, all rats ate all 60 ofthe pellets delivered. The results 
of the observations of proxirnity to the food dish are shown 
in Figure 3. On the baseline day, the rat spent a consider­
able arnount of time near the food dish; this hehavior was 
sustained throughout the test session. On the days that the 
rat had received 0.2 or 0.4 mg/kg HP, the rat continued 
to stay in proximity to the food dish and consumed all 
of the food pellets. However, under extinction, the be­
havior of heing in proxirnity to the food dish declined over 
the course of the session. 

Discussion 
Administration of HP led to a dose-related suppression 

of schedule-induced activity. HP decreased the total 
amount of activity and led to a decline in responding across 
the test session. Despite the reduction in motor activity, 
all HP-treated rats consumed the food pellets that were 
presented. The data from the rat observed for proximity 
to the food dish i'ldicate that, even though HP reduced 
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FOOD PRESENTATION SCHEDULE 

Figure 1. Activity counts obtained from tbe individual rat exposed to various schedules of food presentation. 

the motor activity induced by food presentation, the HP­
treated animal continued to direct its behavior toward the 
food dish and engage in food consumption. 

The present results are consistent with previous reports 
of a disruption of schedule-induced behavior by injeetion 
of DA antagonists or by lesions of brain DA systems 
(Keehn, Coulson, & Klieb, 1976; Keehn & Riuseeh, 
1977; Robbins & Koob, 1980; Wallace, Singer, Finlay, 
& Gibson, 1983). Periodic presentation of food to food­
deprived rats was also shown to increase striatal DA 
release and metabolism (Church, Justice, & Neill, 1987; 
Salarnone, Abercrombie, Keller, Zigmond, & Stricker, 
1987). Taken together, these results indicate an impor­
tant role for DA in the regulation of motor activity in­
duced by periodic food presentation. 

EXPERIMENT 2 

The purpose of Experiment 2 was to investigate the ef­
feets of DA antagonism on feeding and foraging in a com­
plex seminaturalistic environment. Such an environment 
led to the development of highly organized food-searching 
and feeding behaviors. Thus, this study offered a way to 
assess the effeets of HP on the patterning and organiza­
tion of motor output during food-motivated behavior. 

Method 
Subjects. Six male albino rats were obtained from the same source 

and housed and deprived under the conditions as described above. 
Apparatus. The rats were tested in a large room measuring 

4.6x2.3 m. The test-room floor is depicted in Figure 4. Food pellets 
in the foraging room were Purina LaboratOl"y Rat Chow pellets cut 
to a weight of 1.5 g. In the room were three sets of possible food 
locations: along the wall, next to blocks in the rniddle ofthe f1oor, 
or on top of platforms along the wall. Each set had four possible 
locL Two 1.5-g pellets were randomly distributed to each of the 
three sets of locations, so that six pellets (9.0 g total) were scat­
tered on the floor. An observer recorded behavioral events by trig­
gering switches on a panel that was connected to electromechani­
cal counters, timers, and an event recorder. 

Procedure. Testing in the foraging room was initiated by plac­
ing the food-depriVed rat, in its home cage, on the floor of the room, 
as shown in Figure 4. This was done for several days, and the rat 
quicldy learned to leave the home cage within 1-10 sec and to pick 
up the first food pellet within 10-20 sec. When it appeared that 
the behavior of the rat in leaving its cage, finding the food, and 
consurning it was relatively stable, initial baseline data were 
gathered. Baseline data did not change consistently over the entire 
course of Experiment 2. 

All baseline and treatment tests were conducted during the light 
part ofthe lightdark cyc\e 2-8 h after light onset. During the 3O-min 
session, an observer recorded the following behaviors : latency to 
first leave the home cage, numbers of returns to the home cage, 
approaches to a possible food locus along the wall, approaches to 
a block in the center, approaches to a platform, and platform c\imbs, 
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Figure 2. (a) Mean (+SEM) activity counts (as a percent ofbaseline) for aII treatment conditions. (b) Mean (+SEM) 
activity counts for alt conditions within tbe live 6-min periods of tbe 3O-min session. 
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Figure 3. Time spent in proximity to tbe food disb (across tbe five 6-min periods of tbe session) for tbe individual 
rat tbat was observed during baselioe, 0.2 aod 0.4 mgIkg HP, aod extinction. 

and latencies to pick up each pellet. An approach to a wall or a 
middle locus was defined as the rat's placing its head over the block 
of wood or inside the space marked by the rectangular floor mark· 
ings surrounding that locus. An approach to a platform was de­
fined as the rat's rearing with its head in proximity to the side of 
the platform. A c1imb was recorded when the rat's entire body was 
on top of the platform. A pickup was recorded when a pellet the 
rat had picked up from the floor was actually in the rat's mouth. 

In addition to the behaviors mentioned above, the experimenter 
counted locomotor activity (defined as the rat's crossing over, with 
its entire body, one of the floor markings shown in Figure 4) and 
feeding behavior. Feeding was defined as any time the rat was 
direct1y chewing on a food pellet or continuing a sequence of chew­
ing that had been initiated with contact to a food pellet. Each locus 
in the test room where the animal ate du ring a given session was 
recorded. Food not eaten by the animal was weighed (to O. I g) af­
ter the session to calculate the quantity of food intake. The observer 
also noted the number of partially eaten pellets removed. 

A rat was considered to have a stable baseline if it had 3 con­
secutive baseline days, during which the amount of food consumed 
each day was not more than 25% different from the mean of all 
3 days. As with the drug experiments described above, each rat 
was exposed to the sequence of baseline/treatmentlrest until it had 
completed all 4 treatment days in random order. Treatments were 
1.0 rnI/kg saline and 0.1, 0.2, and 0.4 mg/kg HP given i.p. I h 
before testing began. The observer was unaware of the treatment 
condition. 

Data analysis. Data for most behaviors observed were calculated 
as apercentage of the previous mean baseline for that behavior. 

The number of loci where food was eaten was expressed in terms 
of a change from baseline rather than as apercentage. Event records 
were used to calculate the number of bouts of feeding (defined as 
aperiod of at least 5 sec of feeding preceded and followed by at 
least 5 sec of no feeding), and the duration of each bout. The propor­
tion of interbout intervals that contained some other behavior (any 
of those described) was calculated, as was the total time spent be­
tween feeding bouts. The latency to pick up the first pellet was 
recorded, and the average interval between pickups was computed. 
The appropriate data were analyzed with repeated measures 
ANOVAs, and post hoc comparisons between the effects of doses 
of HP and saline were performed with the Dunnett's test ( Cl = 
.05). The sign test was used for instances in which the saline data 
were not distributed norrnally, because the behaviors in question 

. rarely occurred under saline (e.g., leaving partially eaten pellets 
and feeding in bouts 5-60 sec in duration). 

Results 
Description of foraging and feeding behavior. Be­

cause this was a novel behavioral paradigm, the normal 
pattern of behavior that emerged on baseline and saline 
days should be described. Typically, the rat would locate 
and pick up a single pellet, take the pellet to a specific 
feeding locus, and consurne the pellet completely in one 
feeding bout. The mean probability of a pickup' s being 
foUowed by a feeding bout (as opposed to a second pickup) 
on saline days was .86 (±O.05). Each animal had idiosyn-
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Figure 4. A representation of the noor of the foraging test room. 
W = possible wallloci for food, P = possible platfonn loci for food, 
and M = possible middle Iod for food. 

cratic feeding loci, usually three to four in number. 
Although the specific feeding loci varied from animal to 
animal, allloci for all animals on baseline and saline days 
were either in corners (corners between the walls of the 
room, or corners between platforms and the wall) or in 
the rat's horne cage. The rats would almost always con­
sume entire pellets. Only once during a baseline test did 
a rat leave a partially eaten pellet, and that was because 
the session ended while the rat was still feeding. Across 
all baseline days, each rat usually ate five or six pellets 
(mean baseline food intake was 8.4±0.4 g). In addition, 
the rats would alternate bouts of feeding with such ac­
tivities as locomotion and approaches to or climbing upon 
food loci that did not contain food. 

Treatment etTects. Food intake in the foraging room 
was suppressed by HP. Figure 5a depicts food intake (as 
apercent ofbaseline) for all conditions. Tbe overall treat­
ment effect on food intake was significant [F(3, 15) = 
20.4, P < .01], and there was a significant difference be­
tween saline and 0.4 mg/kg HP. Time spent feeding is 
displayed in Figure 5b as apercent of baseline. HP also 
had a significant effect upon this feeding parameter 
[F(3,15) = 9.67, P < .05], with only the O.4-mg/kg 
treatment differing from saline. 

There were no significant effects of HP on locomotor 
counts, average interval between pickups, or number of 
pellets picked up. Table 1 shows the effects of HP on 

some additional bebavioral measures. HP did not signifi­
cantly affect latencies to leave the horne cage or pick up 
the first pellet. There was a significant effect of HP on 
total approaches to middle food loci [F(3,15) = 18.0, 
p < .01] and on total approaches to platforms [F(3,15) 
= 4.25, p < .05]. Climbing on the platforms was sig­
nificantly suppressed by HP treatment [F(3,15) = 3.49, 
p < .05]. Tbe number of feeding bouts increased ac ross 
treatments [F(3, 15) = 6.3, p < .01]. Sign test compari­
son between saline and O.4-mg/kg data revealed an in­
crease in the number of partially eaten pellets (p< .05). 
There was also an increase in the number of feeding loci 
across treatments [F(3, 15) = 6.77, p < .0 I]. 

Figure 6a shows that the average duration of a bout of 
feeding decreased with HP treatment [F(3, 15) = 21.0, 
p < .01]. In Figure 6b, the duration of feeding bouts is 
broken down into the number of bouts that bad 5-60-sec 
duration as compared with the number of bouts that had 
a duration greater than 60 sec. Over the HP doses used, 
there was an overall decrease in the number of bouts that 
were more than 60 sec long [F(3, 15) = 10.43, p < .01]. 
Sign test analysis revealed that, relative to saline, there 
was a significant increase in the number of 5-60-sec bouts 
at both 0.2 and 0.4 mg/kg HP (p < .05). 

Discussion 
Administration of HP resulted in a dose-related sup­

pression and disorganization of behaviors in the foraging 
test. HP decreased total time spent feeding, amount of 
food intake, number of approaches to middle food loci 
and platforms, and number of platform climbs. These data 
are consistent with the notion that HP induces a hypoki­
netic state that leads to the suppression of a number of 
behaviors. However, note that, as weil as decreasing the 
output of some behaviors, HP led to disorganized and 
fragmented responses, manifested in some cases as in­
creases in the frequency of some behaviors. Tbe rats no 
longer finished pellets sequentially, but instead left par­
tially eaten pellets to begin eating other pellets. Many of 
the rats broke from the pattern of feeding only in corners, 
and began to feed in open spaces. The number of feeding 
loci and the number of bouts of feeding increased under 
HP treatment. 

One possible explanation for the increase in the num­
ber of feeding loci is that the rats were hypokinetic, and 
began to feed near the loci where the pellets were initially 
located. However, this possibility cannot fully explain the 
increases observed. Many rats bad more feeding loci than 
there were pellets, which means that some pellets were 
fed upon at more than one locus. The observer noted that 
1 rat, after 0.4 mg/kg HP, fed upon the same pellet at 
five different loci. This frequent movement from locus 
to locus might help to explain the lack of significant sup­
pression of gross locomotion. 

HP suppressed food intake in Experiment 2 but not in 
Experiment I. Tbis result was not surprising in view of 
the fact that the amount of food to be consumed in Ex­
periment 1 was very low (60 x 45 mg = 2.7 g). In ad-
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Figure 5. (a) Mean (+SEM) rood intake (as percent or baselioe) ror aU treatment cooditions (b) Mean (+SEM) 
time spent reediog (85 percent or baselioe) ror aU treatment conditions. 
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Table I 
Effects of Haloperidol (HP) on Aspects of Foraging Perfonnance 

Saline 

Behavioral Measure M SEM 

Middle approach (% bl) 93.2 8.9 
Platform approach (% bl) 84.3 16.7 
Platform c1imbs 102.0 6.9 
Number of feeding bouts 6.5 0.2 
Partially eaten pellets 0.0 0.0 
Number of feeding loci (% bl) 107.1 9.2 
Latency to leave home cage (sec) 4.8 1.5 
Latency to first pick up (sec) 16.1 1.5 

Note-% bl = percent of baseline. 

dition, the food preparations used and the response re­
quired to consume the food were quite different in the 
two experiments. Rats can consume a single 45-mg pellet 
by lapping it with the tongue; in Experiment 1, rats were 
required to do so oniy once every 30 sec. Tbe 1.5-g pellets 
used in the foraging experiments were large, hard, dry 
pellets, and consumption of several of these pellets re­
quired a considerable amount of effort. 

At 0.4 mg/kg HP, some rats were observed to exhibit 
an abnormal food-consumption response. Normally, rats 
feed upon relatively large, dry pellets by holding the 
pellets with their forepaws. Some of the rats under the 
high dose of HP attempted to feed upon the pellets without 
using the forepaws. This observation suggests that some 
aspect of forepaw control was impaired by HP adminis­
tration. 

HP did not significantly increase latencies to leave the 
horne cage or pick up the first pellet. The effect of DA 
antagonists on the initiallatencies of approach behaviors 
can depend greatly on the particular task being studied. 
In a recent report, Blackburn, Phillips, and Fibiger (1987) 
observed that moderate doses of pimozide significantly 
increased the initial latency to approach a food hopper 
after onset of a conditional stimulus. However, several 
other reports have indicated that initial response latencies 
or rates can be normal or near normal in rats treated with 
DA antagonists (see Wise, 1982; Wise, Spindler, DeWitt, 
& Gerber, 1978; Wise, Spindler, & Legault, 1978). 

GENERAL DISCUSSION 

Administration of the DA antagonist HP disrupted the 
normal performance of food-related activities in both Ex­
periments 1 and 2. The prevailing trend in the literature 
would be to explain these deficits in terms of a "reward " 
effect, a "motor" effect, or some combination ofthe two 
types of deficits. In my opinion, neither hypothesis in its 
extreme is the best way to account for the pattern of 
deficits observed. 

Not all aspects of food reward were disrupted by HP, 
because the rats under HP continued to direct behavior 
toward food acquisition despite the deficits observed. HP­
treated rats in the food-induced activity study consumed 
all the food pellets presented, and the individual subject 

Treatment (mg/kg HP) 

0.1 0.2 0.4 

M SEM M SEM M SEM 

76.5 21.0 70.1 8.7 54.9 5.6 
98.2 10.6 89.3 14.3 52.4 11.0 
95.4 12.5 92.1 10.6 60.6 9.6 

7.8 2.0 17.2 2.7 14.7 1.8 
0.8 0.8 1.3 0.5 4.2 0.6 

133.5 15.7 207.9 29.3 211.0 25.1 
5.7 1.8 6.0 1.9 5.5 1.5 

16.8 2.8 19.0 3.6 21.3 4.1 

that was directly observed continued to stay in proximity 
to the food dish, a pattern different from that observed 
during extinction. In a study that used the same activity 
chamber as that used for Experiment 1 above, Salamone 
(1986) showed tbat, although 0.4 mg/kg HP reduced loco­
motor activity, this dose did not disrupt the operant of 
simply being in proximity to the food dish on an FI 30-
sec schedule. Tbe animals in the foraging study continued 
to approach food pellets, pick them up, move them from 
locus to locus, and briefly feed upon the pellets, although 
the consummatory response was not maintained. 

A deficit in the initiation of movement cannot easily 
explain many of the results of Experiments 1 and 2. Loco­
motor activity in HP-treated rats in Experiment 1 was 
higher in the beginning of the session than at the end, a 
pattern inconsistent with a deficit in the initiation of move­
ment (see also Wise, 1982). Latencies to leave the horne 
cage and to pick up the food pellets in Experiment 2 were 
unaffected by HP. A deficit in the initiation of movement 
could not explain the fragmented pattern of feeding in this 
foraging study, in which the rats treated with HP actu­
ally initiated more feeding bouts than normal. Tbe whole 
pattern of behavior displayed by HP-treated rats in Ex­
periment 2 is different from what could be expected if 
the effect of HP was simply to suppress movement. 

The hypothesis that HP interferes with functions that 
are common to motor and motivational processes could 
off er an opportunity to escape from the strict dichotomy 
between reward and motor hypotheses. Note that the term 
"motivation" represents a construct that is meant to ap­
ply to a number of characteristics of behavior, and that 
all aspects of motivated behavior are not equally impaired 
by DA antagonists. In trying to devise a conceptual 
scheme for the interpretation of DA antagonist effects, 
it is important to consider the distinction between the 
directional and activational aspects of motivation (Cofer, 
1972; Duffy, 1963). The directional aspect of motivated 
behavior refers to the selection of a particular response 
that is directed toward or away from a particular stimu­
lus. In contrast, the activation of a motivated response 
is a reference to quantitative features ofthe behavior (e.g., 
the "vigor," amplitude, rate, or maintenance) that are 
demonstrated in the execution of that response. Accord­
ing to this model, relatively low doses of DA antagonists 
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Q. 
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SAL 0.1 0.2 0.4 
DOSE HP (MG/KG) 

b. 

LEGEND 

~ > 60 S 

< 60 S 
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FJgUre 6. (a) Mean (+SEM) duratioo of the average feediog bout (as perceot of baseÜDe). (b) Mean (+SEM) oum­
ber ofbouts tbat were >60 sec aod those tbat were 5-60 sec Ioog. Also sbowo is the oumber ofbrieffeediog periods 
not loog eoougb to be coosidered a feediog bout «5 sec). 
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selectively impair the quantitative features of behavior that 
are characteristic of response activation, but leave intact 
the ability to direct behavior in relation to an appetitive 
or aversive stimulus and to select an appropriate approach 
or avoidance behavior. This interpretation is consistent 
with previous experiments in which moderate doses of 
DA antagonists impaired response speed or rate but not 
response choice (Bowers, Hamilton, Zacharko, & Anis­
man, 1985; Evenden & Robbins, 1983a; Tombaugh, 
Szostak, & Mills, 1983). The present model represents, 
in motivational terms, what was previously described as 
the dissociation between response output regulation and 
response selection mechanisms (Salarnone, 1987). 

It is proposed that moderate or low doses of HP affect 
aspects of motor control that are involved in activational 
aspects of motivation. The effects of a variety of stimuli, 
including food, water, and sensory stimuli not tradition­
ally considered to be motivationally relevant, converge 
on a common brain mechanism that exerts influence over 
a number of motor activities. DA, probably in striatum 
and nucleus accumbens, is critically involved in this com­
mon mechanism, which forms an essential link between 
motor and motivational processes (see also Mogenson, 
Iones, & Yim, 1980; Nauta & Domesick, 1978). The 
deficit produced by moderate DA antagonism would have 
some ofthe characteristics ofboth a motor and a motiva­
tional deficit. This deficit, however, would be different 
from that produced by a selective disruption of mechan­
isms that direct1y control muscle output, and different 
from manipulations that would affect all aspects of moti­
vation, including response choice. 

HP reduced the sustained motor activity that was in­
duced by food presentation in Experiment 1, and led to 
atemporal fragmentation of the feeding response in Ex­
periment 2, with increases in the number ofbouts offeed­
ing and decreases in average bout duration. These impair­
ments could be related to a deficit in the ability of 
HP-treated animals to sustain motivated behavior in time. 
Young (1961) suggested that the ability to maintain 
responding is a cardinal feature of motivated behavior. 
Salarnone (1987) proposed that the duration of periods 
of responding should be considered as a significant dimen­
sion of behavioral contro!. Other researchers have also 
suggested that DA antagonism or lesions can interfere with 
the temporal maintenance of appetitive and aversive be­
havior (Anisman, Rernington, & Sklar, 1979; Anisman 
& Zacharko, 1982; Gaddy & Neill, 1977; Sanger, 1986). 

In a complex environment such as the foraging room 
used in Experiment 2, an animal that cannot sustain feed­
ing behavior has a number of alternative behaviors in 
which to engage. If a rat under HP is capable of perform­
ing such brief responses as approaches to food and initia­
tion of feeding or brief periods of locomotion, it is possi­
ble that the behavior of the rat would become reorganized 
and take on the fragmented pattern shown in Experi­
ment 2. Indeed, ifthe rat's behavior is still directed toward 
food acquisition and consumption but the rat is unable to 
sustain long periods of feeding, it is not unexpected that 

the rat would repeatedly approach food and initiate feed­
ing, quickly terminate the feeding bout, and then approach 
the food again. 

Kelley and Stinus (1985) reported that 6-hydroxy­
doparnine lesions of the meso1imbic DA system disrupted 
hoarding behavior in ways that resemb1e the effects of 
HP reported here, including feeding in novel places and 
leaving partially eaten pellets. To explain some of these 
effects, Kelley and Stinus (1985) suggested that DA in 
mesolimbic terminal areas mediates hoarding in a non­
specific manner, by generating a high level of arousal, 
facilitating certain responses, and maintaining the be­
havior. DA has also been implicated in the regulation of 
transitions between behaviors by influencing response 
switching and perseveration (Evenden & Robbins, 1983b) 
and response sequencing (CooIs, 1980). Thus, there is 
substantial evidence that DA is involved in the arousal, 
maintenance, and patterning of motivated behavior that 
is observed in instrumental conditioning procedures or un­
der seminaturalistic conditions. 

The position that DA antagonists impair aspects of be­
havior that reflect response activation is compatible with 
the view of Wise (1982, 1985) that these drugs impair 
"motivational arousal." This view, however, need not 
be seen as inconsistent with the motor functions often as­
signed to DA systems. Rather, it is a recognition that mo­
tor functions that are very sensitive to disruption with DA 
antagonists are involved in the control of features of be­
havior that are fundamental to the concept of motivation. 
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