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(3) 457–464, 1999.—Using a laboratory animal procedure designed to measure two
aspects of reinforcement (self-administration and location preference), five adult rhesus monkeys each lived in three cham-
bers: oral cocaine self-administration (0.26 mg/kg/delivery cocaine hydrochloride in a sweet fluid) was specific to one end
chamber, food self-administration was specific to the other end chamber, and no food cues or fluid cues were available in the
middle chamber. Throughout the 10-h experimental day monkeys experienced multiple food, cocaine, and choice (food vs.
sweet cocaine fluid), sessions. Oral 

 

d

 

-amphetamine (AMPH; 0.5–1.5 mg/kg) or placebo was administered before the sessions
to determine if this anorectic drug would differentially alter food and sweet cocaine fluid self-administration. Further, the ef-
fects of AMPH on the length of time a monkey spent in each chamber, when the stimulus cues indicating commodity avail-
ability were not present (location preference) were determined. AMPH produced dose-dependent decreases in both food
and cocaine self-administration without affecting choice behavior. AMPH also increased the length of time monkeys spent in
the food chamber, even when no stimuli indicating food availability were present. These results indicate that the relationship
between self-administration and location preference measures of reinforcement is not completely concordant. The current
procedure may prove useful in studying these two measures of reinforcement. © 1999 Elsevier Science Inc.
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A previous study from this laboratory (6) examined the ef-
fects of amphetamine (AMPH) on behavior related to food
and fluid self-administration by rhesus monkeys. The protocol
used in that study combined aspects of both self-administra-
tion and conditioned place preference (CPP) procedures,
which are commonly used to estimate reinforcement. Self-
administration procedures measure operant responding for con-
tingent drug delivery and define reinforcement based on rates
of drug intake relative to rates of saline or vehicle intake. CPP
procedures repeatedly pair a drug with a specific environment
and vehicle with a different environment during a training
phase, and define reinforcement based on the length of time
spent in the environment paired with drug compared to the
environment paired with placebo. Both self-administration
procedures (19) and CPP (3,4,12) provide data about mecha-
nisms of drug abuse.

Self-administration and preference measures of reinforce-
ment were obtained in the previous study (6) by having rhesus

monkey live in three chambers with fluid self-administration
specific to one end chamber and food self-administration spe-
cific to the other end chamber. Operant responding rein-
forced by each commodity provided a self-administration
measure of reinforcement. The length of time monkeys spent
in a chamber when neither commodity nor stimuli paired with
each commodity were available (other than the physical loca-
tion of the three different chambers) provided a location pref-
erence measure of reinforcement, AMPH decreased both
food and fluid self-administration, but responding for fluid
was reduced to a greater extent than responding for food.
However, AMPH increased the length of time monkeys spent
in the food chamber, even when no stimulus lights indicating
food availability were illuminated. The relationship between
self-administration and location preference measures of rein-
forcement was not completely concordant.

Although the location-preference measure, based on the
length of time a monkey spent in a chamber when the com-
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modity was not available is procedurally similar to the testing
phase of CPP paradigms, there are several important differ-
ences. In place-preference training, drug is usually adminis-
tered noncontingently to animals confined to the test environ-
ment with no access to alternative commodities in the alternate
chamber, and subjects do not live in the test chambers (3,22).
An equivalent place-preference procedure would pair the ani-
mal’s only source of food with one location and drug with an-
other. In CPP procedures, the conditioning and testing trials
are relatively short, whereas in this procedure the animals
have the ability to move from chamber to chamber through-
out the day. And, finally, estimates of reinforcement are ob-
tained in CPP procedures in the absence of drug, while in this
procedure, location preference is measured while animals
may be experiencing drug effects.

The increase in time spent in the food chamber and de-
crease in food intake following AMPH administration in our
previous study (6) may have been related to the alternative
fluid commodity, rather than to discordant effects of AMPH
on these two measures of reinforcement. This appears to have
been the case, at least in part, because the increase in the
length of time spent in the food chamber was predicted by the
decrease in the number of fluid deliveries, not the number of
food deliveries, i.e., monkeys may have spent more time in the
food chamber to avoid spending time in the fluid chamber.
The purpose of this study was to test the hypothesis that the
increase in time spent in the food chamber following AMPH
pretreatment in our previous study was related to the use of a
sweet fluid alternative, rather than an effect of AMPH on
food-related behavior per se. This possibility was evaluated
by examining the effects of AMPH on behavior related to
food when the alternative was a sweet cocaine fluid. Cocaine
was chosen, because in a previous study with these monkeys
(9) oral cocaine self-administration engendered a significantly
greater location preference for the fluid chamber than vehicle.

 

METHOD

 

Animals and Apparatus

 

Five adult male rhesus monkeys (

 

Macaca mulatta

 

), weigh-
ing between 5.4 and 7.3 kg, lived under the housing conditions
described below. In addition to food pellets delivered under
the operant schedule, each monkey received chewable vita-
mins and a piece of fruit daily, and occasional treats. Body
weights, determined weekly, remained stable throughout the
study. Monkeys were housed in customized, squeeze-capable,
rack-mounted, nonhuman primate cages (Hazleton Systems,
Inc., Aberdeen, MD). Each monkey had access to three iden-
tically sized chambers (61.5 cm wide 

 

3

 

 66.5 cm deep 

 

3

 

 88 cm
high) connected to one another by 40 cm 

 

3

 

 40 cm openings.
For three of the monkeys, sweet cocaine fluid self-administra-
tion occurred in the left end chamber and food self-adminis-
tration occurred in the right end chamber. These locations
were reversed for the other two monkeys. No self-adminis-
tered commodities were available in the middle chamber. Wa-
ter was freely available from spouts located on the back wall
of all three chambers. All activity was monitored (see below),
and schedule contingencies were controlled by customized
software (Eureka Software, Cary, NC) running on two Macin-
tosh 610 computers (Cupertino, CA) located in an adjacent
area. The room lights were illuminated from 0800 to 2000 h.

Stimulus response panels were located on the front wall of
each of the chambers. Six session lights (CM 1820, 24 v, Chi-
cago Miniature, Buffalo Grove, IL) with white lenses were

evenly spaced around the outside edges of each panel. Two
Lindsley levers (BRS-LVE, Beltsville, MD), with a light over
each, were mounted at the bottom of each panel. The food-
response panel also had a food hopper, a pair of green lights
over the hopper, and a pellet dispenser (BRS-LVE model
PDC-005, Beltsville, MD) mounted on the outside. The fluid-
response panel had a spout for fluid delivery and a red light
over and beneath the spout, a peristaltic pump (7543-06 with
pump head 7016; flow rate of 10 ml/min; Cole Parmer Co.,
Chicago, IL), and a fluid source mounted on the outside. An
infrared heat and motion detector (Motion Sensor, Radio
Shack, Ft. Worth, TX), which was activated when the monkey
was in that chamber, was attached to each of the end cham-
bers. Location of each monkey was recorded every 30 s.

 

Operant Schedule

 

Responding maintained by food pellets or a sweet fluid
containing cocaine was reinforced according to a two-compo-
nent chained schedule of reinforcement with responding dur-
ing each component on a separate level (6,9). The first com-
ponent, signalled by a yellow light over the left lever, was a
second-order fixed-interval (FI) 10 min schedule with fixed-
ratio (FR) 40 components of stimulus delivery [FI 10

 

9

 

 (FR
40:S)]. Thus, after every 40th response during the first compo-
nent, the stimuli associated with the sweet cocaine fluid (a
steady red light over and below the fluid spout) or food (two
flashing green lights over the food hopper) were presented for
10 s. Responses emitted during the brief stimulus presenta-
tions were not counted. The first FR 40 completed after 10
min resulted in the lever light over the left lever being extin-
guished and an amber lever light over the right lever being il-
luminated, signalling the availability of reinforcement accord-
ing to the second component of the chained schedule. The
second component, which required responses on the right le-
ver, was a FR 20 schedule with a 30-s time out (TO) after rein-
forcer delivery, when responding had no programmed conse-
quences [FR 20 (TO 30

 

0

 

)]. Responding in the food chamber
was reinforced by the delivery of a 1-g food pellet (Formula L
banana-flavored, 3.7 kcal: 21.0% protein, 4.7% fat, 62.0% car-
bohydrate, 5.3% ash, 3.1% moisture and 3.0% fiber, Noyes,
Co., Inc., Lancaster, NH). Responding in the fluid chamber
was reinforced by 5 ml of fluid (two 15-s deliveries with a 5-s
pause between deliveries). The fluid consisted of cocaine hy-
drochloride (Courtesy of The National Institute on Drug
Abuse) in a 0.25 kcal/ml dilute strawberry-raspberry flavored
solution [260 g glucose (3.85 kcal/g, Sigma Chemical Co., St.
Louis, MO) dissolved in 4000 ml tap water with one packet of
Incrediberry Kool-Aid® (Kraft General Foods, White Plains,
NY)] to yield a cocaine dose of 0.26 mg/kg/delivery (9).

 

Procedure

 

Each 10-h experimental day, which began at 0900 h, con-
sisted of six cycles of each of the five types of 20-min sessions:
1) food available, 2) sweet cocaine fluid available, 3) food or
sweet cocaine fluid available in a choice trial, 4) no commod-
ity available (session lights illuminated in the middle cham-
ber), and 5) no illuminated session lights. The maximum num-
ber of deliveries during the consumption component of food
and sweet cocaine fluid sessions was 17 and 9, respectively.
The length of the food consumption component was chosen
so that it would be possible for monkeys to earn all of their
daily food ration during the experimental day: there was no
supplemental chow ration. Fluid consumption components
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were kept the same length as food consumption components
so that total access time to reinforcers was the same for both
reinforcers, not counting time spent in choice sessions. Be-
cause fluid took longer to deliver than a food pellet, this de-
creased the number of fluid deliveries that could be earned
per consumption component. During choice sessions, session
and lever lights in both the food and sweet cocaine fluid
chambers were illuminated. The first response on either left
lever terminated the schedule opportunity in the alternate
chamber and initiated the FI component for the chosen com-
modity. Session order within each cycle was systematically
varied, with the exception that a choice session could not fol-
low a food or sweet cocaine fluid session.

Approximately twice a week, animals had test days, usu-
ally Mondays and Thursdays, assuming food and sweet co-
caine fluid intake were stable on the previous days, i.e., no in-
creasing or decreasing trends in food and fluid intake on
preceding nontest days. On these test days monkeys were
given an oral pretreatment of AMPH (0.5 to 1.5 mg/kg; Sigma
Chemical Corp., St. Louis, MO) 30 min before the start of the
daily session. The appropriate amount of AMPH stock solu-
tion (10 mg/ml concentration) was added to 40–60 ml of con-
centrated Kool-Aid (Tropical Punch made with 20% of the

water recommended) and administered orally via vinyl tubing
(which functioned like a straw) in the middle chamber. On
most nontest days throughout the experiment, animals were
given the concentrated Kool-Aid solution without AMPH be-
fore the daily session. Each dose of AMPH was tested twice:
once under a test schedule when the day began with a food
session, and once under a test schedule when the day began
with a sweet cocaine fluid session.

 

Data Analysis

 

Latency to the first response, overall response rate, the
number of second-order stimulus deliveries during the FI
components, and the number of reinforcers earned during the
FR components were summarized for food and sweet cocaine
fluid sessions. The number of food choice sessions chosen
each day were also summarized. Drug dose was coded as low,
medium, and high in the analyses because one monkey was
more sensitive to the effects of AMPH (i.e., his food and fluid
intake following 1.0 mg/kg was similar to that observed fol-
lowing 1.5 mg/kg AMPH in the remaining monkeys), and
tested with 0.5 (low), 0.75 (medium), and 1.0 (high) mg/kg
AMPH. All other monkeys were tested with 0.5, 1.0, and 1.5

FIG. 1. Upper left panel: mean number of second-order stimulus deliveries earned during FI components of food and
fluid sessions as a function of an AMPH dose condition. Upper right panel: mean number of reinforcers earned during
FR components of food and fluid sessions as a function of an AMPH dose condition. The open horizontal bars repre-
sent the maximum number of food reinforcers that could be obtained, and the striped horizontal bar represents the
maximum number of sweet cocaine fluid reinforcers that could be obtained. Lower panels: AMPH dose condition data
from the above panels expressed as a percent of placebo baseline. Pbo 5 placebo; Low, Med (medium) and High refer
to the doses of AMPH because one monkey did not receive the same doses as the other four monkeys. Data shown are
the mean of six daily food or sweet cocaine fluid sessions. Error bars represent 1 SEM. An § indicates a significant dif-
ference between food and sweet cocaine fluid sessions under that AMPH dose condition.
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mg/kg AMPH. Data collected on the day prior to each
AMPH pretreatment served as baseline. The first set of analy-
ses determined if there were significant differences between
responding maintained by sweet cocaine fluid and responding
maintained by food under placebo conditions. Analyses were
accomplished using a three-factor repeated-measures analy-
ses of variance (ANOVA), with reinforcer as the first factor
(food, 0.26 mg/kg/delivery cocaine in a sweet fluid), AMPH
dose as the second factor (placebo, low, medium, and high)
and test session type as the third factor (fluid first vs. food
first). Data from a single planned comparison (fluid placebo
vs. food placebo) were used from this set of analyses. The
analysis of the effects of AMPH were accomplished using
data that were transformed to percent change of placebo
baseline. These data were also analyzed using three-factor re-
peated-measures analyses of variance (ANOVA) with rein-
forcer as the first factor (food, 0.26 mg/kg/delivery cocaine in
a sweet fluid), AMPH dose as the second factor (low, me-
dium, and high) and test session type as the third factor (fluid
first vs. food first). Planned comparisons between the two re-
inforcers at each AMPH dose were also conducted.

Using the three-chamber living arrangement, rhesus mon-
keys spent much time walking (or running) between all three
chambers, and often sat on the squeeze bar at the side of the
chambers with their tails in one chamber and their heads in
another. If a monkey was in more than one chamber, of if a
monkey was quite still, such as when sleeping, or otherwise
“lost” to the location detector, it was classified by the auto-

mated system as being in the middle chamber. Thus, time
spent in the food and fluid chambers was estimated conserva-
tively, and the middle chamber was the default location. The
length of time that monkeys spent in each end chamber when
1) the stimuli indicating food availability were illuminated, 2)
the stimuli indicating fluid availability were illuminated, and
3) none of the stimulus lights signalling reinforcer availability
were illuminated, were analyzed as described above.

Last, regression analyses were conducted between the
mean number of food or sweet cocaine fluid deliveries during
the FR components of self-administration sessions and the
mean length of time spent in the food chamber when no stim-
ulus lights were illuminated. If a significant relationship
between self-administration and location preference was
observed, the amount of variance accounted for by this rela-
tionship was derived from the squared multiple 

 

r

 

-value. Re-
sults for all analyses were considered significant at 

 

p

 

 

 

,

 

 0.05,
using Hunyh-Feldt corrections where appropriate.

 

RESULTS

 

The top panels of Fig. 1 show the mean number of second-
order stimulus deliveries during FI components and reinforc-
ers delivered during the FR components of food and fluid ses-
sions as a function of AMPH dose condition. After placebo
pretreatment monkeys earned about eight conditioned-stimu-
lus presentations during FI components of food sessions and

FIG. 2. Upper left panel: mean latency to the first response of FI components of food and sweet cocaine fluid sessions
as a function of AMPH dose condition. Upper right panel: mean latency to the first response of FR components of
food and sweet cocaine fluid sessions as a function of AMPH dose condition. Lower panels: AMPH dose condition
data from the above panels expressed as a percent of placebo baseline. See Fig. 1 for details.
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only about four conditioned-stimulus presentations during FI
components of fluid sessions (upper left panel). After placebo
pretreatment monkeys earned close to the maximum number
(17) of pellet deliveries during FR components of food ses-
sions and close to the maximum number of sweet cocaine
fluid deliveries (9) during FR components of fluid sessions
(upper right panel). The AMPH data shown in the top two
panels of Fig. 1 are regraphed as percent change from placebo
baseline in the bottom two panels of Fig. 1. AMPH produced
a dose-related decrease in the number of second-order stimu-
lus deliveries during FI components, 

 

F

 

(2, 8) 

 

5

 

 17.8, 

 

p

 

 

 

,

 

 0.001,
and reinforcer deliveries during FR components, 

 

F

 

(2, 8) 

 

5

 

25.7, 

 

p

 

 

 

,

 

 0.0003. The medium and high AMPH dose condi-
tions decreased sweet cocaine fluid intake to a greater extent
than food intake.

Monkeys chose food on 4.6 

 

6

 

 0.4 (mean 

 

6

 

 SEM; data not
shown) of the six choice opportunities each day. AMPH pre-
treatment did not alter the number of times food was chosen
over sweet cocaine fluid each day.

The top panels of Fig. 2 show the mean latency to the first
response of FI and FR components of food and fluid sessions
as a function of AMPH dose condition. Latency to the first re-
sponse during FI components was significantly shorter during
food sessions than fluid sessions under placebo conditions
(upper left panel). AMPH pretreatment did not significantly
affect the latency to the first response of food or fluid sessions
(bottom left panel). In contrast to FI components, there was
no difference in the latency to make the first response of FR
components between food and fluid sessions (top right panel).

AMPH pretreatment significantly increased the latency to the
first response during FR components of both food and fluid
sessions, 

 

F

 

(2, 8) 

 

5

 

 8.4, 

 

p

 

 

 

,

 

 0.01; lower right panel.
The top panels of Fig. 3 show the mean rate of responding

during FI and FR components of food and fluid sessions as a
function of AMPH dose condition. There was no difference
between food and fluid sessions in the rate of responding dur-
ing FI components (top left panel) under placebo conditions.
AMPH pretreatment significantly decreased response rate
during FI components of both food and fluid sessions, 

 

F

 

(2, 8) 

 

5

 

11.6, 

 

p

 

 

 

,

 

 0.004; lower left panel. In contrast to FI components,
monkeys responded at a greater rate during the FR compo-
nent of food sessions than the FR component of fluid sessions
under placebo conditions (upper right panel). AMPH pre-
treatment significantly decreased response rate during FR
components of both food and fluid sessions, 

 

F

 

(2, 8) 

 

5

 

 9.2, 

 

p

 

 

 

,

 

0.02; lower right panel, but these decreases were proportion-
ally larger under each AMPH dose condition when respond-
ing was maintained by sweet cocaine fluid.

The top panels of Fig. 4 show the length of time monkeys
spent in the food and fluid chambers when fluid stimulus
lights were illuminated and when no stimulus lights were illu-
minated (i.e., no commodities were available) as a function of
AMPH dose condition. Under placebo conditions, monkeys
spent significantly more time in the fluid chamber than in the
food chamber during fluid sessions (upper left panel). Al-
though AMPH did not have a significant dose-dependent ef-
fect on location preference during fluid sessions, the medium-
and high-AMPH dose conditions altered location preference

FIG. 3. Upper left panel: mean response rates during FI components of food and sweet cocaine fluid sessions
as a function of AMPH dose condition. Upper right panel: mean response rates during of FR components of
food and sweet cocaine fluid sessions as a function of AMPH dose condition. Lower panels: AMPH dose con-
dition data from the above panels expressed as a percent of placebo baseline. See Fig. 1 for details.
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during fluid sessions by increasing the length of time monkeys
spent in the food chamber during fluid sessions (lower left
panel). Under placebo conditions, monkeys spent signifi-
cantly more time in the food chamber (99 

 

6

 

 9 min) than in the
fluid chamber (11 

 

6

 

 2 min) during food sessions (

 

p

 

 

 

,

 

 0.0001;
data not shown). AMPH did not produce any significant
change in the length of time monkeys spent in the food cham-
ber during food sessions. Under placebo conditions, monkeys
spent an equal amount of time in the food and fluid chambers
in the absence of stimuli indicating commodity availability
(upper right panel). Although AMPH did not have a signifi-
cant dose-dependent effect on location preference when neither
food nor fluid were available, the medium- and high-AMPH
dose conditions altered location preference when neither food
nor fluid were available by increasing the length of time mon-
keys spent in the food chamber in the absence of stimuli indi-
cating commodity availability (lower right panel).

There was an inverse relationship between the length of
time spent in the food chamber and the number of food deliv-
eries, which accounted for 23% of the variance, 

 

F

 

(1, 38) 

 

5

 

11.3, 

 

p

 

 

 

,

 

 0.002: as the number of food deliveries decreased,
monkeys spent significantly more time in the food chamber
when no stimulus lights were illuminated. There was no signif-
icant relationship between the number of sweet cocaine fluid
deliveries and the length of time spent in the food chamber
when no stimulus lights were illuminated: 

 

,

 

10% of the vari-

ance in time spent in the food chamber was accounted for by
the number of sweet cocaine fluid deliveries.

 

DISCUSSION

 

The purpose of this study was to determine if the effects of
AMPH on food intake and time spent in the food chamber
when a sweet fluid containing cocaine was also available for
self-administration would vary from a previous study in which
the two reinforcers were food and a sweet fruit-flavored drink
(6). AMPH produced dose-dependent decreases in food and
sweet cocaine fluid intake without affecting choice to experi-
ence food sessions vs. sweet cocaine fluid sessions, and pro-
duced dose-dependent increases in the length of time mon-
keys spent in the food chamber when neither food nor fluid
were available. The discrepancy between the food self-admin-
istration results and the location-preference measure repli-
cates the previous study (6). In contrast, AMPH did not alter
choice for food pellets.

The decrease in food intake following AMPH is consistent
with previous reports (5,10,11), as is the ability of AMPH to
decrease cocaine self-administration (14,15). For example, in
monkeys trained to self-administer food and intravenous co-
caine, pretreatment with 0.56 mg/kg AMPH decreased re-
sponding for food to a greater extent than responding for co-
caine, whereas 1.0 mg/kg AMPH similarly decreased responding

FIG. 4. Upper left panel: mean length of time monkeys spent in the food and sweet cocaine fluid chambers
during sessions when fluid stimulus lights were illuminated as a function of AMPH dose condition. Upper right
panel: mean length of time monkeys spent in the food and sweet cocaine fluid chambers during sessions when
no stimulus lights were illuminated and no commodities were available as a function of AMPH dose condition.
Lower panels: AMPH dose condition data from the above panels expressed as a percent of placebo baseline.
See Fig. 1 for details.
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for both food and cocaine (17). In the present study, respond-
ing maintained by a sweet cocaine fluid was decreased to a
greater extent, even when corrected for differences in base-
line intake, by AMPH than responding reinforced by food
pellets. Because intake of a sweet fluid without cocaine was
also decreased at a greater rate than food pellet intake (6),
this greater decrease in sweet cocaine fluid intake may be re-
lated to the fluid as a reinforcer. Or, the greater rate of sweet
cocaine fluid intake may represent a specific effect of AMPH
on cocaine self-administration.

Unfortunately, relatively few studies have examined the
effects of AMPH pretreatment on nondrug reinforcers using
place-preference procedures. Although one report (1) found
that AMPH did not alter novelty-induced CPP, in another
study (2) apomorphine did alter novelty-induced CPP. Previ-
ous AMPH exposure has been shown to increase the rate of
acquisition of cocaine self-administration (13) and to produce
a CPP to low doses of cocaine that typically do not support a
CPP (24), suggesting that AMPH may increase the ability of
cocaine to condition a place preference. Clearly, that was not
the case here. Thus, the increase in time spent in the food
chamber following AMPH administration seems to have no
precedent in the CPP literature.

Others (3,25) have noted that one difficulty in interpreting
CPP is that preference for one side could also be avoidance of
the other side. This appears to have been the case in our pre-
vious study (6). In that study, 1) monkeys spent more time in
the food chamber than the fluid chamber under placebo con-
ditions; 2) the increase in the length of time spent in the food
chamber following AMPH was about twice as great as that
observed here; and 3) the increase in time spent in the food
chamber was significantly related to the decrease in the num-
ber of fluid deliveries. In fact, the decrease in fruit-drink de-
liveries accounted for 64% of the variance in time spent in the
food chamber, when neither food nor fluid were available. In
the present study, less than 10% of the variance in time spent
in the food chamber was accounted for by the decrease in
sweet cocaine fluid deliveries. Clearly the effects of AMPH
on time spent in the food chamber were related to the alterna-
tive reinforcer (sweet cocaine fluid vs. fruit drink). This was
not the case for the effects of AMPH on the number of sec-
ond-order stimulus deliveries during the FI components and
reinforcers delivered during the FR components, which were
decreased similarly when either cocaine or a fruit drink were
available.

The discrepancy between the self-administration and loca-
tion-preference measures of reinforcement, i.e., less food self-
administration and more food location preference, may not
be related to the utility of these measures in assessing rein-
forcement. Rather, the discrepancy may be related to the dif-
ferential sensitivity of these procedures to drug-induced dis-
ruptions in behavior. Furthermore, the choice to experience
food sessions, rather than fluid sessions, was not affected by
AMPH, further indicating that these multiple measures of re-
inforcement are differentially affected by drug administration.
The present results were obtained with only one level of food
reinforcement and one sweet cocaine fluid dose, so it is unclear

what experimental variables may influence comparisons be-
tween self-administration and CPP measures of reinforcement.

It is also unclear if the present results may be due to an un-
specified effect of AMPH, such as its ability to enhance re-
sponding reinforced by the presentation of stimuli previously
paired with primary reinforcement [e.g., conditioned reinforc-
ers, (21)]. If this were the case, then AMPH specifically en-
hanced the conditioned reinforcing effects of the location
paired with food to a greater extent that the location paired
with sweet cocaine fluid. Drugs that increase serotonin levels,
such as dexfenfluramine, have been shown to decrease the
conditioned reinforcing effects of stimuli paired with primary
reinforcement (8). A study, using the current design, that
tested the effects of a drug that increased serotonin levels on
self-administration and location preference would provide
valuable information about the potential mechanism of the
dissociation between these measures of reinforcement.

Cocaine in a sweet-flavored solution was chosen as the al-
ternative reinforcer to food because a previous study (9) indi-
cated that it was an effective reinforcer. Compared with the
results of our previous study on the effects of AMPH (6), the
sweet cocaine fluid did engender different behavioral effects
than a sweet fluid without cocaine: 1) the rate of responding
during the FI components of sweet cocaine fluid sessions was
nearly double that observed in our previous study for fruit-
drink maintained responding; 2) monkeys spent more time in
the sweet cocaine fluid chamber; 3) AMPH was less effective
in decreasing sweet cocaine fluid intake than intake of fruit
drink; and 4) the increase in time spent in the food chamber
was not accounted for by the decrease in sweet cocaine fluid
intake. Although not directly examined here, other studies
have shown that oral cocaine can function as a reinforcer in
self-administration studies in laboratory animals (7,16,18),
and can condition a place preference in laboratory animals
(20,24). In fact, one study showed that oral cocaine could pro-
duce a CPP in rats trained to self-administer oral cocaine us-
ing a schedule-induced technique (23).

In summary, pretreatment with AMPH decreased both
food and sweet cocaine fluid self-administration, but in-
creased location preference for the food chamber in the ab-
sence of stimuli associated with food availability. The increase
in time spent in the food chamber was less than previously ob-
served (6) when a sweet drink without cocaine was available
during fluid sessions. These results indicate that 1) the rela-
tionship between self-administration and location preference
measures of reinforcement is not completely concordant, 2)
these two procedures may be differentially sensitive to phar-
macological manipulations, and 3) the effects of pharmacolog-
ical manipulations are dependent upon the two reinforcers
being studied.
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