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CORWIN, R. L. AND C. R. SCHUSTER. Anorectic specificity as measured in a choice paradigm in rhesus monkeys. 
PHARMACOL BIOCHEM BEHAV 45(1) 131-141, 1993.-The present report describes a new procedure for assessing 
anorectic specificity. Two rhesus monkeys (Macaca mulatta) surgically prepared with indwelling intragastric catheters were 
trained in a discrete trial choice paradigm to respond for either food or visual access to a room containing other monkeys. 
Our hypothesis was that a specific anorectic would reduce only food-maintained responding; responding to open a window 
would either not be affected or would increase. Caloric preioads, d-amphetamine, (d,/)-fenfluramine, and cholecystokinln 
octapeptide all decreased food-maintained responding and had no effect on or increased responding maintained by window 
opening. These results demonstrate that choice procedures are useful for assessing anorectic specificity. 
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DRUGS that reduce food intake may do so for a variety of 
reasons, some of which are specific to food intake and some 
of which are not. One way to separate specific from nonspe- 
cific effects on food-maintained behaviors is to compare the 
drug's effect on responding for food and for nonfood rein- 
forcers. A drug that acts specifically to suppress food intake 
should only decrease food-maintained behaviors; responding 
for other reinforcers should not be affected or should in- 
crease. A method commonly used to examine anorectic speci- 
ficity is to compare the effects of drugs on food and water 
intake in separate tests. The satiety peptide cholecystokinin 
(CCK) and two anorectics, d-amphetamine (AMPH) and fen- 
fluramine (FEN), have been studied in this way. These com- 
pounds have no effect on water intake at doses that reduce 
feeding, providing strong evidence that their effects on food 
intake are behaviorally specific (13,17,18,28,39). Although 
this type of analysis is compelling, separate tests of food and 
water intake are required. Choice paradigms, on the other 
hand, allow the simultaneous determination of a drug's effect 
on responding for more than one reinforcer and thus seem 
ideal for assessing anorectic specificity. The first purpose of 
the present study was to use a choice paradigm to extend 
previous reports of the anorectic specificity of AMPH, FEN, 
and CCK. 

When deciding which reinforcers to use in a choice para- 
digm for assessing anorectic specificity, several factors should 
be considered. Food must be one of the reinforcers to measure 

a drug's effect on food-maintained behavior. The other rein- 
forcer(s) should ideally be unrelated to the ingestion of food. 
Water, for instance, would not he useful in this type of study 
if the subject were primarily a prandial drinker. If a drug 
decreased responding for food, responding for water within 
the same session would probably also decrease, making differ- 
ential drug effects impossible to discern. It has been suggested 
that visual reinforcement in monkeys could prove useful in 
pharmacological studies and eliminate confounds produced 
by drug effects on responding maintained by food and water 
(20,26). It has been known for some time that monkeys will 
respond to view a variety of stimuli (3,4,7,8,9,20,31) and that 
the opportunity to see or hear other monkeys will maintain a 
higher frequency of behaviors than the opportunity to see or 
hear other animals or objects (3-5,7,8,21). Visual reinforce- 
ment has been used in one study to reveal specific effects of 
drugs. When food and visual access were made available on 
a concurrent fixed ratio (FR) 10 schedule of reinforcement, 
differential effects of morphine were seen (31). The above 
reports suggest that the opportunity for rhesus monkeys to 
view other monkeys would function well as a nonfood rein- 
forcer in a choice paradigm. The second purpose of the pres- 
ent study was to extend these previous reports regarding the 
usefulness of visual reinforcement in pharmacological studies. 

In the present experiment, rhesus monkeys (Macaca mu- 
latta) were trained to choose between a food reinforcer (1-g 
banana-flavored Noyes pellet) and a nonfood reinforcer (5 s 

i To whom requests for reprints should be sent at her current address: National Institute of Mental Health, Building 10, Room 4N214, 
Bethesda MD 20892. 

2 Current address: National Institute on Drug Abuse, Addiction Research Center, P.O. Box 5180, Baltimore MD 21224. 

131 



132 CORWIN AND SCHUSTER 

of  open window, allowing visual access to a room containing 
other caged rhesus monkeys) in a discrete trial choice para- 
digm. The hypothesis was that caloric preloads, AMPH,  FEN, 
and CCK would only reduce responding maintained by food; 
responding maintained by opening the window would either 
be unaffected or would increase. Chlorpromazine (CPZ), on 
the other hand, would reduce both food-maintained respond- 
ing and responding maintained by window-opening because 
previous work in this laboratory has shown reductions not 
only in food-maintained behavior but also in other behaviors 
suggestive of  nonspecific CNS depression in monkeys after 
pretreatment with CPZ (35,36). Diazepam (DZ), known for 
its ability to increase food intake in a variety of  species 
(15,37), was hypothesized to increase food-maintained re- 
sponding and either decrease or have no effect on responding 
maintained by opening the window. 

METHOD 

Animals 

One male (6099, 10.4 kg) and one female (0036, 8.6 kg) 
rhesus monkey (Macaca mulatta) were used. Both monkeys 
had participated in other experiments, including drug self- 
administration studies (6099) and experiments that assessed 
the effects of  drugs on schedule-controlled behavior (0036). 
Each monkey was fitted with a stainless steel restraint harness 
and spring arm that attached to the rear of the experimental 
cubicle (86 x 74 x 89 cm). This arrangement gave the ani- 
mals relatively free movement about the cubicle. Water was 
available ad lib. In addition to the food pellets earned during 
the experimental sessions, Noyes 1-g banana-flavored pellets 
(Lancaster, NH) were provided several hours after each ses- 
sion. Enough food was provided to maintain the animals' 
health and to maintain food-reinforced responding during the 
experimental sessions to as close to 50°70 of  total choices as 
possible. A vitamin supplement in the form of  a chewable 
multiple-vitamin tablet was provided 3 days/week. 

Monkey 6099 entered this experiment equipped with an 
intragastric (IG) catheter. After adaptation to the cubicle and 
restraint system, monkey 0036 was also surgically implanted 
with an intragastric catheter. This made the administration of  
drugs and/or  caloric preloads possible without opening the 
cubicle door, thus maintaining the presession visual depriva- 
tion period (6). The surgical procedure for catheter implanta- 
tion has been described previously (38). Briefly, each animal 
was injected with a combination of  phencyclidine HCI (1.0 
mg/kg,  IM) and atropine sulfate (0.04 mg/kg,  IM). When the 
animal was sedated, it was removed from the cubicle and 
pentobarbital anesthesia (10-20 mg/kg,  IV) was initiated. 
When anesthesia was adequate, a silicone catheter (0.063 in 
inside diameter, Ronsil Rubber Products, Belle Mead, N J) 
was surgically implanted into the stomach. After surgery, the 
monkey was returned to the experimental chamber and the 
catheter was threaded through the spring arm, out the back 
of the cubicle, and connected to a syringe. Monkey 0036's 
catheter became nonfunctional during the experiment and a 
new catheter was implanted as before after a 1- to 2-week 
period. 

Apparatus 

Each monkey was housed continuously in the experimental 
chamber. Two response levers (BRS/LVE, PRL-001, Belts- 
ville, MD) were mounted on the inside front of each door 20 
cm above the grid floor. Two jeweled stimulus lights, one 

green and one red, were mounted directly above each lever. 
In addition, red and white houselights were mounted on the 
ceiling of  the cubicle and were covered with translucent Plexi- 
glas. Each cubicle had a Plexiglas window on the front that 
allowed the monkey visual access to the laboratory (a room 
housing other rhesus monkeys). Lighting was maintained on a 
8 D :  16 L (light 2200-0600 h) cycle. All programming and 
recording of  experimental events were accomplished using 
AIM 65 computers. 

Procedure 

Animals were trained in a discrete trial choice paradigm 
similar to that described previously (22) to respond for either 
food (l-g, banana-flavored pellet, Noyes) or visual access to a 
room containing other caged rhesus monkeys (5 s of  open 
window) (see Fig. 1). Experimental sessions were started at 
approximately 1100 h each day, Monday-Friday,  and lasted 
either 6 h or until the monkey completed 100 trials, whichever 
came first. Sessions were not run on the weekends because 
activity levels in the laboratory were not the same as during 
the week. At  the beginning of each trial, the red houselight 
was illuminated, as well as a green light over one lever and a 
red light over the other lever. Pressing the lever with the green 
light over it resulted in delivery of  a food pellet, whereas 
pressing the lever with the red light over it caused a sliding 
door covering the window of the cubicle to open for 5 s. 
To avoid the development of position preferences, the lever 
associated with red or green was randomly varied such that 
the monkey had to follow one color for one reinforcer and the 
other color for the other reinforcer. The first lever response of  
each trial caused the light over the opposite lever to go out. 
Responding on the nonilluminated lever had no further conse- 
quences during the trial, that is, the first response of each trial 
"locked in" that choice. Completing 15 responses (fixed-ratio 
15, FR 15) on the chosen lever resulted in delivery of the 
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FIG. 1. Choice procedure flowchart. Points A, B, and C represent 
the three possible outcomes once a trial has begun. (A) The monkey 
chooses either the window-open lever or the food lever, completes the 
FR, and receives the appropriate reinforcer. (B) The monkey chooses 
one of the levers but does not complete the FR. (C) The monkey does 
not choose either lever. 
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associated reinforcer and the end of the trial. If the monkey 
failed to complete the FR within the allotted trial time (500 s), 
then the trial ended with no reinforcer delivery. At the end of 
each trial, the white houselight was illuminated and a 60-s 
time-out began. At the end of the time-out, the white house- 
light was extinguished, the red houselight was illuminated, 
and the lever lights were again presented, signaling the start 
of another trial. 

When responding stabilized (no more than 30070 variability 
in responding between the 2 days immediately prior to test- 
ing), sessions were conducted in which various pretreatments 
known to affect food intake were administered. In the first 
series of tests, 200 ml tapwater (vehicle), as well as 200 ml 
caloric preloads, were given IG. Sessions were started 15 min 
after delivery of the water and the 20 and 40070 preloads and 
immediately after delivery of the 60% preload. Rate of gastric 

emptying in monkeys is an inverse function of the caloric 
density of the stomach load (24); thus, in the present study 
the volume of preload in the stomach and intestine at any 
given point in time varied with the caloric density of the differ- 
ent preloads. It is possible, then, that results obtained with 
caloric preloads could be a function of volume and not the 
nutrients in the preload. For this reason, another series of 
tests were conducted in which 3 volumes of tapwater (200, 
400, or 600 ml) were given IG immediately before starting the 
session. Because a noncaloric solution has been shown to 
empty rapidly from the stomach in monkeys (24,30), time of 
infusion was not held constant. Rather, the water was infused 
as quickly as possible, and the session started immediately. 
Infusions were given at the rate of approximately 22 ml/min. 

Separate tests were also conducted in which no gastric pre- 
loads were given. Instead, pharmacological agents known to 

100 

80 

60 

40 

20 

co 0 w 
_o 
O "1" 
O 
w > 
m I.- < 
, , - - I  

O 
100 

80 

60 

40. 

20. 

0. 

6099 
FOOD CHOICES 

I I I I I I 

1 2 3 4 5 6 
HOURS 

100 0036 

80 

60 ~ ,  ," . 

40 

2O 

0 
t I t 

1 2 3 4 
I I 

5 6 

WINDOW CHOICES 

[ ]  WATER 
• 20% 
• 4O% 
160% 

6099 

/ 
0 n ~  100 

80 

60 

40 

20 

0 

HOURS 

I I I | I I ! I I I I I 

1 2 3 4 5 6 1 2 3 4 5 6 

FIG. 2. Cumulative choices after administration of caloric preloads (% of total daily ration given 
IG, 15 min before the session, in a 200-ml tapwater vehicle). Hours are represented along the abscissa 
and cumulative choices along the ordinate. The top two graphs show the cumulative food choices; 
the bottom two graphs show the cumulative window choices. Open symbols represent the mean of  
vehicle tapwater pretreatments. Closed symbols represent the caloric preload pretreatments. Dia- 
monds = 20% of dally caloric ration; circles = 40% of dally caloric ration; squares = 60% of daily 
caloric ration. Vertical bars represent 2 SD from the mean. Asterisks indicate different from tapwater 
mean + 2 SD. 



134 CORWIN AND SCHUSTER 

FOOD CHOICES 

100 '  

80 

60 

40 

20 

m 0 
_o 
O "r" 
O 
I.IJ 
_> 
i.- 
5 ::) 

100 

80 

60 

40 

20, 

ol 

6099 100 

80 ¸ 

60, 

40' 

20, 

, o 
I I I I I 

1 2 3 4 5 6 
HOURS 

WINDOW CHOICES 

6099 100 

80 

6O 

, o  

2O 

0 
| I I I I I 

1 2 3 4 5 6 
HOURS 

0036 

y 

0036 

! N O  INFUSION 
200 ml 
400 ml 
600 ml 

I I I I I I 

1 2 3 4 5 6 

FIG. 3. Cumulative choices after administration of tapwater preloads (total ml given IG, immedi- 
ately before the session). Hours are represented along the abscissa and cumulative choices along 
the ordinate. The top two graphs show the cumulative food choices; the bottom two graphs show 
the cumulative window choices. Open symbols represent the mean of baseline days (see the Method 
section). Closed symbols represent the water preload pretreatments. Diamonds = 200 ml; circles 
= 400 ml; squares = 600 ml. Vertical bars represent 2 SD from the mean. Asterisks indicate 
different from baseline mean + 2 SD. 

affect food intake were administered. Fenfluramine (0.5-4.0 
mg/kg), d-amphetamine (0.06-1.0 mg/kg), CPZ (1-17.6 rag/ 
kg), and DZ (0.01-0.3 mg/kg) were administered, IG, 1 h 
before the session via the intragastric catheter. CCK (1-10 ~g/ 
kg, IM) was administered 15 rain before the session. At least 
three doses of each compound were tested in a mixed order 
and the order of testing was varied between monkeys. Single 
determinations of each dose were usually done. Drug doses 
were chosen based upon previous research in this laboratory 
as well as other literature regarding their behavioral effects 
(15,16,27,35,36). Testing of one drug was completed before 
testing of another began. 

Tests were conducted once a week. At least 2 days of stable 
responding were required before a dose was tested. The appro- 
priate vehicle for the compound being tested was generally 
given the day before a test. For the separate tapwater test 

series, the previous day's data, in which no treatments were 
given, served as the baseline. Testing of different compounds 
was separated by at least 1 week. 

Data Analysis 

Cumulative choices following vehicle and drug or preload 
treatments were plotted for each monkey. Each treatment was 
compared to its respective vehicle baseline. Vehicle was gener- 
ally administered via the appropriate route of administration 
the day immediately preceding a drug test. Thus, if four doses 
of a drug were tested the vehicle baseline was the mean re- 
sponding on the four vehicle days. Any treatment that pro- 
duced responding exceeding the mean + 2 SD under vehicle 
conditions was considered to have had an effect. If a monkey 
received a given dose on two or more occasions, then the 
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mean _+ 2 SD of  the tests was plotted. To be considered effec- 
tive, the 2 SD of  the test could not overlap with the 2 SD of  
the baseline. 

Drugs and Preloads 

The drug solutions used were as follows: d-amphetamine 
sulfate (National Institute on Drug Abuse); fenfluramine HC1 
(A.H. Robbins Co., Richmond, VA); cholecystokinin (Sigma 
Chemical Co., St. Louis, MO, Behring Diagnostics, San 
Diego, CA, and Peninsula Laboratories, Belmont, CA, as the 
sulfated COOH-terminal octapeptide ([Tyr-SO3H27]-cholecys - 
tokinin fragment 26-33 amide); diazepam (Hoffman-La 
Roche, Nufley, N J); and chlorpromazine HCl (Elkins-Sinn 
Pharmaceutical, Cherry Hill, N J). CCK was mixed with 0.9070 
saline at room temperature and then stored below freezing in 
aliquots that were thawed immediately before injecting. All 
other drugs except diazepam were dissolved in 0.9070 saline 
and doses are expressed as the salt. Diazepam was mixed in a 

1:1 stock solution of emulphor (GAF Corporation, New 
York) and alcohol and then diluted with saline as needed. 
Doses of  diazepam are expressed in terms of  the base. 

Caloric preload stock solutions were made by mixing 120 
ml Polycose liquid (Ross Laboratories, Columbus, OH) with 
I envelope of  Carnation Instant Breakfast and 42 g glucose. 
The caloric content of  the preload was based upon each ani- 
mal's daily ration. Four preloads were given: 0 (tapwater), 
20, 40, and 60°/o of  the daily ration. For each prcload, the 
appropriate amount of the stock solution was mixed with wa- 
ter to bring the total volume up to 200 ml. For the separate 
series of tapwater tests, water preloads were given in volumes 
of  200, 400, and 600 ml. 

RESULTS 

Caloric preloads, FEN, CCK, and intermediate doses of  
AMPH all decreased food-maintained responding and had no 
effect on or increased responding maintained by opening the 
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FIG. 4. Cumulative choices after administration of fenfluramine (FEN) (mg/kg given IG, 1 h 
before the session). Hours are represented along the abscissa and cumulative choices along the 
ordinate. The top two graphs show the cumulative food choices; the bottom two graphs show 
the cumulative window choices. Open symbols represent the mean of vehicle pretreatments. 
Closed symbols represent the FEN pretreatments. Diamonds = 0.5 mg/kg; circles = 
1.0 mg/kg; squares = 2.0 mg/kg; triangles = 4.0 mg/kg. Vertical bars represent 2 SD from 
the mean. Asterisks indicate different from vehicle mean :t: 2 SD. 



136 CORWIN AND SCHUSTER 

FOOD CHOICES 
100 6099 100 0036 . 

80 80 

60 60 

4O 40 

" * ~ , i t , - 2 , k , ~ -  ,h. 
W I I I i I I I _> 
I.- 
5 
:D 
O 

1 2 3 4 5 6 1 2 3 4 5 6 
HOURS 

WINDOW CHOICES 

100 6099 100" 

80 80. 

60 601 

40 40" 

20 20. 

0 0' 

1 2 3 4 5 6 
HOURS 

[ ]  VEHICLE 
• 0.06 mg/kg 
t t  0.12 mg/kg 
• 0.25 mg/kg 

I I I I I I 

1 2 3 4 5 6 
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the ordinate. The top two graphs show the cumulative food choices; the bottom two graphs 
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represent 2 SD from the mean. Asterisks indicate different from vehicle mean ± 2 SD. 

window. Thus, food choices were decreased in a behaviorally 
specific manner by these compounds. 

Cumulative choices made after caloric preloads are shown 
in Fig. 2. Total food choices decreased and window choices 
increased as a function of the caloric density of the preload in 
both monkeys. No evidence of gastrointestinal distress was 
observed in either monkey. The effect on responding seen 
after water preloads was not nearly as pronounced as that 
seen after caloric preloads (Fig. 3), suggesting that the results 
obtained with caloric preloads cannot be accounted for by 
volume alone. 

FEN decreased food choices and increased or had no effect 
on window choices at most doses in both monkeys (Fig. 4). In 
monkey 0036, 2 mg/kg FEN decreased both food and window 
choices but 4 mg/kg decreased only food choices. Higher 
doses of FEN were not given due to concerns regarding possi- 
ble neurotoxic effects (32). 

AMPH decreased food choices dose dependently in both 
monkeys for 4 h (Fig. 5). Window choice, however, was af- 

fected differentially depending upon the dose of AMPH. 
Lower doses of AMPH that decreased food intake either had 
no effect on (6099) or increased (0036) window choices, 
whereas higher doses suppressed window choices in monkey 
0036 below 2 SD from the vehicle mean and in monkey 6099 
below the minimum range of 4-h vehicle responding [vehicle 
minimum (6099) = 20 window choices in 4 h; 0.5 mg/kg 
AMPH = 7 window choices in 4 hi. 

CCK resembled caloric preloads, AMPH, and FEN (Fig. 
6), with the effects of CCK being less pronounced than the 
other pretreatments. In the first hour in both monkeys, food- 
maintained responding decreased after CCK whereas respond- 
ing maintained by opening the window either increased (0036) 
or was unaffected (6099). Because the haif-life and disappear- 
ance half-time of CCK are short (23,34), there was concern 
that any nonspecific effects of CCK might have been obscured 
by analyzing the data in l-h bins. For this reason, the results 
during the first hour after the largest CCK dose tested in each 
monkey were divided into six 10-rain bins; there was no evi- 
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dence of general behavioral suppression at any time (data not 
shown). 

In contrast to the anorectic agents, DZ increased food 
choices (both monkeys) and either decreased (0036) or had no 
effect on (6099) window choices (Fig. 7). 

There was a decrease in total responding for both rein- 
forcers in monkey 0036 after 17.6 mg/kg CPZ (Fig. 8). Mon- 
key 6099 was seen lying down during several observations 
made during the session after pretreatment with 17.6 mg/kg 
CPZ. When either the cubicle door or the window was opened 
to check on the monkey, he sat up and resumed lever pressing. 
Thus, responding would probably have been even lower except 
for the periodic interruptions. Monkey 0036 was seen smack- 
ing her lips and retching nonproductively within 4 min of drug 
administration after 17.6 mg/kg CPZ, but appeared normal 
during her session. CPZ (1 mg/kg) increased both food- and 
window-reinforced responding during the first 3 h in monkey 
6099 only. 

Results are summarized in Table 1. Caloric preloads de- 

creased food-reinforced responding and increased responding 
reinforced by window opening. CCK, as well as two proto- 
typic anorectics, FEN (0.5-4.0 mg/kg,  IG) and AMPH (0.06- 
0.25 mg/kg,  IG), produced responding like that seen after 
caloric preloads, suggesting that these drugs at these doses 
exerted a specific effect on food-maintained behavior. High 
doses of  AMPH and CPZ decreased responding for both rein- 
forcers in monkey 0036, demonstrating that at these doses 
AMPH and CPZ can exert a nonspecific effect on food- 
maintained responding. DZ increased food-reinforced re- 
sponding and either decreased or had no effect on visually 
reinforced responding. 

D I S C U S S I O N  

Caloric preloads, FEN (0.5-4.0 mg/kg), CCK (1.8-10.0 
/zg/kg), and low doses of  AMPH (0.12-0.25 mg/kg) decreased 
food choices and either had no effect on or increased window 
choices in the present study. These results are consistent with 
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the prediction for a specific suppression of food-maintained 
behavior and demonstrate that, at these doses, the decreases 
in food-maintained responding seen after FEN, AMPH, and 
CCK are not due to general behavioral suppression. These 
results, using a choice procedure, confirm previous reports 
using behavioral comparisons between sessions that appro- 
priate doses of AMPH, FEN, and CCK can decrease food- 
maintained behavior in a spedfie manner (13,17,18,28,39). 

One dose of FEN (2 mg/kg) in one monkey (0036) sup- 
pressed responding for both reinforcers (Fig. 4). Because this 
effect was not seen in both monkeys, no explanation can be 
made for these results. A larger dose of FEN (4 mg/kg) was 
tested in this monkey and suppressed only food intake. Win- 
dow choices increased at this dose, suggesting that the general 
behavioral suppression seen at 2 mg/kg were not due to possi- 
ble neurotoxic effects of FEN. 

Cumulative food choices after IM CCK were decreased 
during the first hour of responding in both monkeys and for 

the entire session in monkey 6099. These results confirm a 
previous report of IV CCK suppressing total food intake for 
3 h in rhesus monkeys (16). To understand how this could 
occur given the short half-life and disappearance half-time of 
CCK, Gibbs et al. (16) analyzed their data in 15-min bins. 
CCK reduced food intake in the first 15-min interval only. In 
subsequent intervals, the monkeys ate as much after CCK as 
after saline; they did not compensate for early intake suppres- 
sion by eating more later in the session. Thus, cumulative 
intake remained low, as in our study. In the present study, 
CCK data were analyzed in 10-min bins, and intake remained 
low for the first 40 min in both monkeys at the highest doses 
tested (data not shown). The different routes of administra- 
tion and size of the doses could explain why our early session 
effects lasted slightly longer than those reported by Gibbs et 
al. (16) In monkey 6099, a lower dose of CCK (1.8 #g/kg) 
suppressed intake in the first 10 min of the session only, a 
result similar to that reported by Gibbs et al. (16). Window 
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FIG. 8. Cumulative choices after administration of chlorpromazine (CPZ) (mg/kg given IG, l h 
before the session). Hours are represented along the abscissa and cumulative choices along the 
ordinate. The top two graphs show the cumulative food choices; the bottom two graphs show the 
cumulative window choices. Open symbols represent the mean of vehicle pretreatments. Closed 
symbols represent the CPZ pretreatments. Diamonds = 1.0 mg/kg; circles = 10.0 mg/kg; squares 
= 17.6 mg/kg. Vertical bars represent 2 SD from the mean. Asterisks indicate different from 
vehicle mean + 2 SD. 

responding was not suppressed in either monkey at these doses 
at any of these time points, demonstrating that the suppressive 
effect of CCK on food intake in this paradigm was behavior- 
ally specific. 

The pattern of  responding seen at higher doses of AMPH 
and CPZ in monkey 0036 (decrease in both food and window 
choices) is consistent with the prediction for a nonspecific 
disruption of  food-maintained behavior. 

Gastric preloads, CCK, FEN, and A M P H  have been re- 
ported to induce conditioned taste aversions and it has been 
suggested that reductions in food intake after any of these 
may be the result of  illness (1,2,10-12,19,33). Although the 
present study cannot differentiate malaise from satiety, the 
fact that total window opening, in general, was either unaf- 
fected or increased after gastric preloads, CCK, FEN, and low 
doses of  A M P H  argues against illness and in favor of  a more 
behaviorally selective effect. Additionally, the results dear ly  
show that regardless of  the interoceptive cues the food intake 
reductions after caloric preloads, CCK, FEN, and low doses 

of AMPH were not due to general behavioral suppression. 
Higher doses of  AMPH (0.5-1.0 mg/kg) and CPZ (17.6 mg/  
kg) reduced responding for both reinforcers in monkey 0036, 
demonstrating that the present paradigm is sensitive to general 
behavioral suppression. 

One confound in the present study is that the number of 
baseline food choices was almost always greater than the num- 
ber of baseline window choices. Thus, the reductions in food 
choices and increases in window choices after drug administra- 
tion might be due to rate-dependent effects. If  this were true, 
AMPH might be expected to decrease the high-rate behavior 
(in this case food-reinforced responding) and increase the low- 
rate behavior (in this case responding reinforced by opening 
the window) as was found in the present study. A problem 
with this interpretation is that rate-dependency effects usually 
describe the effects of  drugs on local response rates of  a free 
operant and not on choice frequency [see (25) for a review]. 
In the present study, there were no systematic differences in 
the local response rates between food-maintained responding 
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TABLE 1 
SUMMARY OF EFFECTS OF VARIOUS PRETREATMENTS 

ON CHOICE BETWEEN FOOD AND 
WINDOW OPENING IN RHESUS MONKEYS 

Food Window 

Caloric preloads J, T 
FEN ~ T 
CCK ~ t or 
AMPH (0.12, 0.25 mg/kg) J, T or 

AMPH (0.5, 1 mg/kg; 0036 only) J. ~. 
Chlorpromazine (0036 only) J, 

Diazepam T ~ or 

Arrows indicate whether choice was increased (1"), de- 
creased (J,), or unaffected (~). 

and responding maintained by window opening, nor were 
there any reliable drug effects on these rates (data not shown). 
A more parsimonious explanation might be to invoke a "prob- 
ability-dependency" concept (14,29). Evendon and Robbins 
(14) suggest that "According to this idea, responses occurring 
with a high probability (relative to other responses, rather 
than in time as in rate-dependency) are reduced by the drug, 
whereas responses occurring with a lower probability may be 
increased." Evenden and Robbins (14) present evidence in sup- 
port of this concept in a study examining the effects of AMPH 
on switching behavior in the rat. Although the paradigm used 
by Evendon and Robbins (14) is different from the one em- 
ployed in the present study, their concept is supported by the 
present data, that is, the high-probability behavior (food- 
reinforced responding) decreased after low doses of AMPH 
whereas the low-probability behavior (behavior reinforced by 
opening the window) increased or was unaffected. While it is 

possible that the present results are due to probability depen- 
dency, the fact that results after caloric preloads, CCK, FEN, 
and low doses of AMPH were all similar argues against this 
interpretation. It is more probable that selective anorectic ef- 
fects are operating. Further studies are clearly required, how- 
ever, to distinguish between these two interpretations. 

Probability dependency cannot explain the DZ results. 
Food choices increased and window choices either decreased 
or were unaffected after DZ, the opposite of what was ob- 
served with caloric preloads, AMPH, FEN, and CCK. These 
results confirm previous reports that DZ can increase food 
intake in a variety of species (15,37) and demonstrate that this 
paradigm is sensitive to behaviorally specific increases in food 
intake. 

In summary, caloric preloads, AMPH, FEN, and CCK all 
reduced responding for food and either increased or had no 
effect on responding for opening the window. None of the 
other compounds tested consistently had these effects in both 
monkeys. These results demonstrate that the food intake re- 
ductions produced by caloric preloads, CCK, FEN, and low 
doses of AMPH observed in this study are not the result of 
generalized behavioral suppressions. The present study sup- 
ports the suggestion by Moon (26), Schuster and Estrada (31), 
and Haude and Ray (20) that visual reinforcement in rhesus 
monkeys can be a useful behavioral tool in pharmacological 
studies. Further, the present results demonstrate that within- 
session choice procedures can effectively differentiate specific 
reductions in food-maintained responding from nonspecific 
behavioral suppression. 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge Dr. William L. Woolverton 
for insight and discussions while conducting this study, Dr. Jonathan 
B. Kamien for programming assistance and encouragement, and Drs. 
G. P. Smith and J. Gibbs for comments on early versions of this 
manuscript. This research was supported by NIDA Grant DA-00250. 

REFERENCES 

1. Berger, B. Conditioning of food aversions by injections of psy- 
choactive drugs. J. Comp. Physiol. Psychol. 81:21-26; 1972. 

2. Booth, D. A.; Pilcher, C. W. T.; D'Mello, G. D.; Stolerman, 
I. P. Comparative potencies of amphetamine, fenfluramine and 
related compounds in taste aversion experiments in rats. Br. J. 
Pharmacol. 61:669-677; 1977. 

3. Butler, R. A. Discrimination learning by rhesus monkeys to visu- 
al-exploration motivation. J. Comp. Physiol. Psychol. 46:95-98; 
1953. 

4. Butler, R. A. Incentive conditions which influence visual explora- 
tion. J. Exp. Psychol. 48:19-23; 1954. 

5. Butler, R. A. Discrimination learning by rhesus monkeys to audi- 
tory incentives. J. Comp. Physiol. Psychol. 50:239-241; 1957. 

6. Butler, R. A. The effect of deprivation of visual incentives on 
visual exploration motivation in monkeys. J. Comp. Physiol. 
Psychiatry 50:177-179; 1957. 

7. Butler, R. A. The differential effect of visual and auditory incen- 
tives on the performance of monkeys. Am. J. Psychol. 71:591- 
593; 1958. 

8. Butler, R. A. Exploratory and related behavior: A new trend in 
animal research. J. Indiv. Psychol. 14:111-120; 1958. 

9. Butler, R. A. The responsiveness of rhesus monkeys to motion 
pictures. J. Genet. Psychol. 98:239-245; 1961. 

10. Cappell, H.; LeBlanc, A. E. Conditioned aversion to saccharin 
by single administrations of mescaline and d-amphetamine. Psy- 
chopharmacologia 22:352-356; 1971. 

11. Deutsch, J. A. The stomach in food satiation and the regulation 
of appetite. Prog. Neurobiol. 10:135-153; 1978. 

12. Deutsch, J. A.; Hardy, W. T. Cholecystokinin produces bait shy- 
ness in rats. Nature 266:196; 1977. 

13. Dobrazanski, S.; DoggeR, N. S. On the relation between hypo- 
dipsia and anorexia induced by (+)-amphetamine in the mouse. 
J. Pharm. Pharmacol. 28:922-924; 1976. 

14. Evenden, J. L.; Robbins, T. W. Increased response switching, 
perseveration and perseverative switching following d-ampheta- 
mine in the rat. Psychopharmacology (Bed.) 80:67-73; 1983. 

15. Foltin, R. W.; Schuster, C. R. Interaction between the effects of 
intragastric meals and drugs on feeding in rhesus monkeys. J. 
Pharmacol. Exp. Ther. 405-410; 1983. 

16. Gibbs, J.; Faiasco, J. D.; McHugh, P. R. Cholecystokinin- 
decreased food intake in rhesus monkeys. Am. J. Physiol. 230: 
15-18; 1976. 

17. Gibbs, J.; Young, R. C.; Smith, (3. P. Cholecystokinin decreases 
food intake in rats. J. Comp. Physiol. Psychol. 84:488-495; 1973. 

18. Glick, S. D.; (3reenstein, S. Pharmacologicai inhibition of eating, 
drinking and prandiai drinking. Behav. Biol. 8:55-61; 1973. 

19. (3oudie, A. J.; Thornton, E. W. Effects of drug experience on 
drug induced conditioned taste aversions: Studies with amphet- 
amine and fenfluramine. Psychopharmacologia 44:77-82; 1975. 

20. Haude, R. H.; Ray, O. S. Visual exploration in monkeys as a 
function of visual incentive duration and sensory deprivation. J. 
Comp. Physiol. Psychol. 64:332-336, 1967. 



A N O R E C T I C  S P E C I F I C I T Y  IN R H E S U S  MONKEYS 141 

21. Haude, R. H.; Ray, O. S. Visual observing behavior in the squir- 
rel monkey. Anim. Learn. Behav. 2:138-140; 1974. 

22. Johanson, C. E.; Schuster, C. R. A choice procedure for drug 
reinforcers: Cocaine and methylphenidate in the rhesus monkey. 
J. Pharmacol. Exp. Ther. 193:676-688; 1975. 

23. Koulischer, D.; Moroder, L.; Deschodt-Lanckman, M. Degrada- 
tion of cholecystokinin octapeptide, related fragments and ana- 
logs by human and rat plasma in vitro. Regul. Peptides 4:127- 
139; 1982. 

24. McHugh, P. R.; Moran, T. H. Calories and gastric emptying: A 
regulatory capacity with implications for feeding. Am. J, Physiol. 
5:R254-R260; 1979. 

25. McKearney, J. W.; Barrett, J. E. Schedule-controlled behavior 
and the effects of drugs. In: Blackman, D. E.; Sanger, D. J., eds. 
Contemporary research in behavioral pharmacology. New York: 
Plenum Press; 1978:1-68. 

26. Moon, L. E. Visual exploration as reinforcement of conditioned 
bar-pressing responses of monkeys. J. Exp. Anal. Behav. 4:119- 
123; 1961. 

27. Moran, T. H.; McHugh, P. R. Cholecystokinin suppresses food 
intake by inhibiting gastric emptying. Am. J. Physiol. 242:R491- 
R497; 1982. 

28. Mueiler, K.; Hsiao, S. Specificity of cholecystokinin satiety ef- 
fect: Reduction of food but not water intake. Pharmacol. Bio- 
chem. Behav. 6:643-646; 1977. 

29. Robbins, T. W. Behavioural determinants of drug action. In: 
Cooper, S. J., ed. Theory in psychopharmacology, vol. 1. New 
York: Academic Press; 1982:1-63. 

30. Robinson, P. H.; Moran, T. H.; McHugh, P. R. Inhibition of 

gastric emptying and feeding by fenfluramine, Am. J. Physiol. 
250:R764-R769; 1986. 

31. Schuster, C. R.; Estrada, U. Behavioral Mechanisms of Drug 
Action. In: Thompson, T.; Schuster, C. R. Behavioral pharma- 
cology. Englewood Cliffs, N J: Prentice Hall; 1968:149-151. 

32. Schuster, C. R.; Lewis, M.; Seiden, L. S. Fenfluramine: Neuro- 
toxicity. Psychopharmacol. Bull. 22:148-151, 1986. 

33. Stolerman, I. P.; D'Mello, G. D. Amphetamine-induced hypodip- 
sia and its implications for conditioned taste aversion in rats. 
Pharmacol. Biochem. Behav. 8:333-338; 1978. 

34. Thompson, J. C.; Fender, H. R.; Ramus, N. I.; Villar, H. V.; 
Rayford, P. L. Cholecystokinin metabolism in man and dogs. 
Ann. Surg. 182:496-505; 1975. 

35. Wilson, M. C.; Schuster, C. R. Interactions between atropine, 
chlorpromazine and cocaine on food reinforced behavior. Phar- 
macol. Biochem. Behav. 3:363-375; 1975. 

36. Wilson, M. C.; Schuster, C. R. The effects of chlorpromazine on 
psychomotor stimulant self-administration in the rhesus monkey. 
Psychopharmacologia 26:115-126; 1972. 

37. Wise, R. A.; Dawson, V. Diazepam-induced eating and lever 
pressing for food in sated rats. J. Comp. Physiol. Psychol. 86: 
930-941; 1974. 

38. Woolverton, W. L.; Schuster, C. R. Intragastric self- 
administration in rhesus monkeys under limited access condi- 
tions: Methodological studies. J. Pharmacol. Meth. 10:93-106; 
1983. 

39. Yelnosky, J.; Lawlor, R. B. A comparative study of the pharma- 
cologic actions of amphetamine and fenfluramine. Arch. Int. 
Pharmacodyn. 184:374-388; 1970. 


