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JOURNAL OF THE EXPERIMENTAL ANALYSIS OF BEHAVIOR

ACUTE AND CHRONIC EFFECTS OF COCAINE
ON EXTINCTION-INDUCED AGGRESSION1

MITCHELL S. MOORE AND DONALD M. THOMPSON

GEORGETOWN UNIVERSITY SCHOOLS OF MEDICINE AND DENTISTRY

Pigeons worked individually in a chamber containing a response key and a mirror. Pecking
on the key was controlled by a multiple schedule in which a brief period of continuous
food reinforcement alternated with a 5-minute period of extinction. Under baseline condi-
tions, aggressive behavior (responding on the mirror) occurred at the onset of each extinc-
tion period. In Experiment I (acute drug administration), the aggressive behavior was de-
creased by doses of cocaine that had little or no effect on key pecking. Such food-reinforced
responding was disrupted, however, by higher doses of cocaine. An attempt to mimic the
disruptive drug effects by a prefeeding manipulation was unsuccessful. In Experiment II
(chronic drug administration), some tolerance developed to the disruptive effects of cocaine
on the food-reinforced responding, except at the highest dose tested. There was no clear-
cut indication of tolerance to the initial effect of cocaine on the aggressive behavior at any
dose.
Key words: extinction-induced aggression, cocaine, behavioral tolerance, mirror respond-

ing, key peck, pigeons

Previous research has shown that extinction
following a schedule of food reinforcement
will induce aggressive behavior in pigeons
(Azrin, Hutchinson, and Hake, 1966; Knut-
son, 1970; Rilling and Caplan, 1973, 1975).
Very little is known, however, about the effects
of drugs on such extinction-induced aggres-
sion. In one of the few experiments in this
area (Moore, Tychsen, and Thompson, 1976),
the effects of chronic chlordiazepoxide admin-
istration on extinction-induced mirror re-
sponding in pigeons were assessed. It had
previously been determined that responding
on a mirror was functionally similar to re-
sponding on a live or stuffed target pigeon;
i.e., both types of responding were affected in
the same way when variables in the situation
(e.g., the interfood interval) were manipulated
(Cohen and Looney, 1973). More specifically,
Moore et al. (1976) used a multiple schedule
in which a brief period of continuous rein-
forcement (each key peck produced food) al-
ternated with a 5-min period of extinction (no
food). Under these baseline conditions, there
was typically a burst of mirror responding at

'This research was supported in part by Public
Health Service Grant DA 01528. We wish to thank
Joseph M. Moerschbaecher for comments on the manu-
script. Reprints may be obtained from Mitchell S.
Moore, Department of Pharmacology, Georgetown Uni-
versity Schools of Medicine and Dentistry, 3900 Reser-
voir Road, N.W., Washington, D.C. 20007.

the onset of each extinction period; such re-
sponding decreased in frequency as the extinc-
tion period elapsed and never occurred during
the reinforcement periods. The initial ad-
ministration of chlordiazepoxide (5 mg/kg)
produced a marked decrease in mirror re-
sponding, but had little or no effect on key
pecking. The mirror responding generally re-
mained suppressed during the chronic drug
regimen (60 daily sessions) and returned to
predrug baseline levels when the drug was
withdrawn. It was concluded that the tech-
nique of extinction-induced mirror responding
in pigeons provides a stable, sensitive, and re-
coverable baseline for objectively assessing
selective drug effects on aggression.
The present research used extinction-in-

duced mirror responding in pigeons as a base-
line to study the acute and chronic effects of
cocaine. Similar research using a stuffed target
pigeon has recently been reported by Hutch-
inson, Emley, and Krasnegor (1977). Across the
range of cocaine doses tested (0.03 mg/kg to 3
mg/kg), "there was a dose dependent decrease
in extinction attack responses and little or no
effect on CRF key peck responses. These results
are consistent across the acute and chronic
drug regimens" (Hutchinson et al., 1977, p.
471). In that report, however, only group drug
data were presented. The present research used
an individual-subject approach and tested co-
caine over a wider range of doses (0.01 mg/kg

309

1978, 29, 309-318 NUMBER 2 (MARCH)



MITCHELL S. MOORE and DONALD M. THOMPSON

to 17 mg/kg). The objective was to provide a
more complete description of cocaine's effects
on extinction-induced aggression in pigeons.

EXPERIMENT I
This experiment assessed the effects of

acutely administered cocaine on extinction-
induced aggression.

METHOD
Subjects
Two adult male White Carneaux pigeons

served; No. 4524 had been used in drug experi-
ments involving extinction-induced mirror re-
sponding (Moore et al., 1976; Polifko, 1974).
The experimental history of pigeon No. 4888
involved only magazine training and shaping
of the key-peck response. The pigeons were
maintained within 10 g of 80% of their free-
feeding weights by food presented during the
sessions and by postsession supplemental feed-
ing. The 80% values were 552 g and 520 g for
No. 4524 and No. 4888 respectively. Water and
grit were always available in the home cages.

Apparatus
A modified two-key pigeon chamber (BRS-

Foringer PH-001) and connecting automatic
control equipment were used. A detailed de-
scription of the chamber may be found else-
where (Moore et al., 1976). Briefly, the left
response key on the intelligence panel could
be transilluminated by either red or green
light. A minimum force of about 0.2 N was
required to close the microswitch behind this
key. A mirror (19.8 cm by 13.4 cm), mounted
on the rear wall of the chamber, was hinged
along its bottom edge so that it could be dis-
placed backwards by a blow to its surface. In
the event that such a displacement exceeded
a minimum force of about 0.3 N, a micro-
switch behind the mirror closed and a mirror
response was recorded. The scheduling of
events was accomplished by means of timers,
steppers, and associated relay circuitry; the
recording was by counters, a running-time
meter, and a cumulative recorder. White noise
was continuously present in the chamber to
mask extraneous sounds.

Procedure
Baseline conditions. Mirror responding was

induced by using a two-component multiple
schedule of food reinforcement for key peck-

ing. The components were continuous rein-
forcement (CRF) and extinction. During the
CRF component, the keylight was green (SD),
and each of five key pecks was reinforced with
food (4 sec access to mixed grain). Presenta-
tion of the food magazine was accompanied
by the offset of both the keylight and the
hiouselight and by the onset of the magazine
light. The total time that the green keylight
was on (SD time) indicated the amount of
pausing that occurred when food reinforce-
ment was available. During the extinction
component, the keylight was red (SA), the
houselight remained on, and food reinforce-
ment was unavailable for at least 5 min. Re-
sponses made on the red key (SA responses) had
no effect during the first 4.5 min of extinction.
However, an SA response (or a mirror response)
during the last 30 sec of extinction extended
the component for an additional 30 sec. This
delay contingency was used to prevent ad-
ventitious reinforcement (Herrnstein, 1966;
Morse, 1955) of responses by the onset of the
SD. Except for the delay contingency, mirror
responding had no scheduled consequences in
either component. Each daily session began
with the CRF component, which then alter-
nated with the extinction component for 15
cycles. A blackout (all lights off) of variable
duration (15 to 120 sec) preceded and followed
each session.
Drug testing. After approximately 35 daily

baseline sessions to permit stabilization (i.e.,
no systematic change in mirror responding and
SD time across sessions), No. 4524 received nine
logarithmically spaced doses of cocaine hydro-
chloride, ranging from 0.01 mg/kg to 17 mg/
kg in mixed order, and No. 4888 received eight
logarithmically spaced doses of cocaine hydro-
chloride, ranging from 0.01 mg/kg to 13.3 mg/
kg in mixed order. The drug was dissolved
in saline and injected (at a volume of 0.1
ml per 100 g body weight) into the pectoral
muscle 5 min presession. On the day preceding
a drug session, saline was injected intramus-
cularly at the same volume 5 min presession.
At least three baseline sessions intervened be-
tween any drug session and the saline session
that preceded the next drug session. At least
two determinations for each dose were made
with each pigeon.

Prefeeding probe. After the drug testing, an
attempt was made to mimic the effects of the
largest doses of cocaine by feeding both pi-
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COCAINE EFFECTS ON AGGRESSION

geons 60 g of grain 5 min presession. This
amount of grain was roughly four times the
amount ordinarily required each day to main-
tain the subjects' body weights within 10 g of
80% of their free-feeding weights. Two de-
terminations for this prefeeding probe, spaced
about three days apart, were made with each
pigeon.

RESULTS
Figure 1 shows a summary of the effects of

varying doses of cocaine on the mirror re-
sponses and SD time per session for both pi-
geons. The drug was considered to have an
effect to the extent that the data points fell
outside of the ranges for the saline (S) sessions.
As can be seen, cocaine decreased mirror re-
sponding at doses above 1 mg/kg in both pi-

geons. Doses below 1 mg/kg had no effect on
the mirror responding of either bird. Aside
from two slight decreases (No. 4888; 1 mg/kg
and 5.6 mg/kg), SD time was unaffected by all
doses of cocaine below 10 mg/kg in both pi-
geons. Doses above 10 mg/kg produced large
increases in SD time in both subjects (note log
scale on y-axis). These results show that cocaine
had a selective effect on mirror responding;
i.e., mirror responding was decreased by doses
of the drug that had little or no effect on SD
time (No. 4524, 1 mg/kg through 10 mg/kg;
No. 4888, 3 mg/kg and 5.6 mg/kg).

Figure 2 shows some cumulative records
of the within-session mirror responding of No.
4524 throughout this experiment. During the
saline sessions, although the amount of mirror
responding varied somewhat from cycle to
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,
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Fig. 1. Effects of acute cocaine administration on the mirror responses and SD time of two pigeons (No. 4524

and No. 4888) under a multiple CRF-extinction schedule of food reinforcement for key pecking. Each point on

each dose-response curve represents the mean of all determiinations at a particular dose; the vertical lines through
the points on the curve indicate the range. The two dashed horizontal lines for each behavioral measure indi-
cate the control range of variability (saline sessions). The points situated along the vertical lines demarking the
control ranges indicate the mean value of saline-control responding for each measure. A constant (1 min) was

added to each SD time to facilitate the plotting of the data on a logarithmic scale.
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No 4524
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Fig. 2. Cumulative response records showing the within-session effects of acutely administered cocaine and
presession feeding on the mirror responding and SD time of No. 4524 (first determiniations). The saline sessions
with the minimum and maximum number of mirror responses are also shown. The response pen, which traced
the top line of each pair, stepped upward with each mirror response and reset at the end of each extinction
component. A downward deflection of the response pen during extinction indicates a key peck (SA response).
During the CRF component, the response pen deflected upward with each of the five reinforced key pecks, pro-
ducing the dark segments seen on the records (SD time). The event pen, which traced the bottom line of each
pair, was held down during the CRF components.

cycle of the multiple schedule, the temporal
pattern of mirror responding was consistent
in that (1) mirror responding generally oc-
curred at the onset of each extinction compo-
nent, (2) almost all mirror responding occurred
during the first half of each extinction com-
ponent, and (3) mirror responding did not
occur during any of the CRF components.
Acute administration of 1 mg/kg, 3 mg/kg,
and 5.6 mg/kg of cocaine produced dose-
related decreases in mirror responding. How-
ever, these same doses had no effect on SD time
(pausing during the CRF component), as can
bLe seen from the unchanged width of the dis-
placements of the event pen. Note that at
these three doses of cocaine, when mirror re-
sponding did occur, its temporal pattern was
unaltered by the drug. Administration of 13.3
mg/kg of cocaine to this subject produced de-
creases in mirror responding associated with

large increases in SD time. In Cycles 6 and 15,
the pigeon took well over 5 min in each case
to complete the five reinforced key pecks, and
in the pauses between key pecks, mirror re-
sponding occurred. Comparison of the records
for 3 mg/kg and 13.3 mg/kg emphasizes the
difference in the temporal pattern of mirror
responding at these widely separated doses. It
is important to note, however, that the total
amount of mirror responding at these two
doses is very similar (see Figure 1, top left,
3 mg/kg and 13.3 mg/kg), suggesting that
analysis of data solely in terms of session totals
may be misleading. The results obtained from
the prefeeding probe were unambiguous. A
representative session (see Figure 2, bottom),
before which No. 4524 was fed 60 g of grain,
shows that this manipulation produced no no-
ticeable change in mirror responding or SD
time. In all respects, the within-session data of

woax .r- i/- /1",
Wof



COCAINE EFFECTS ON AGGRESSION

No. 4888 (not shown) were similar to those of
No. 4524, except that when cocaine-induced
pausing occurred in No. 4888, it was typically
restricted to the first cycle of the session, be-
fore the first reinforced key peck.

EXPERIMENT II
This experiment assessed the effects of

chronically administered cocaine on extinc-
tion-induced aggression.

METHOD
Subjects
The subjects were the same two pigeons

that served in Experiment I.

Apparatus
The apparatus in Experiment I was used.

Procedure
Baseline conditions. The baseline conditions

were the same as those in Experiment I.
Drug testing. After 15 to 25 daily baseline

sessions to permit stabilization (i.e., no sys-
tematic change in mirror responding and SD
time across sessions), there were 10 daily con-
trol sessions in which saline was injected intra-
muscularly 5 min presession. The volume of
each injection was 0.1 ml per 100 g body
weight. Immediately following the last of these
control sessions, a chronic cocaine regimen
was instituted as follows. Both birds initially
received 1 mg/kg/day for 90 consecutive days.
This dose of cocaine was selected as a starting
point for the chronic study because it was the
lowest dose administered during the acute
testing (Experiment I) that produced a selec-
tive effect in both pigeons (see Figure 1, top
left, bottom right). No. 4524 then received 10
mg/kg/day of cocaine for 60 consecutive days,
after which the baseline conditions were rein-
stated for 15 days. Following the 1 mg/kg/day
regimen of cocaine, No. 4888 received 10 mg/
kg/day for 40 consecutive days, then 13.3
mg/kg/day for 30 consecutive days, after
which the baseline conditions were reinstated
for 15 days. All doses of cocaine hydrochloride
were dissolved in saline and injected (at a
volume of 0.1 ml per 100 g body weight) into
the pectoral muscle 5 min presession.

RESULTS
Figure 3 shows a session-by-session summary

of the effects of repeated administration of
cocaine on the mirror responses and SD time
of No. 4524. The drug was considered to have
an effect to the extent that the data points
fell outside of the saline-control ranges. Initial
administration of 1 mg/kg of cocaine to this
pigeon decreased mirror responding and in-
creased SD time. During repeated administra-
tion of this dose, mirror responding was quite
variable, although an increasing trend was evi-
dent. After the initial small increase in SD
time produced by 1 mg/kg of cocaine, this
measure was affected little, if any, by subse-
quent administration of this dose. Initial ad-
ministration of 10 mg/kg of cocaine to No.
4524 produced a marked decrease in mirror
responding and a large increase in SD time.
During subsequent exposure to 10 mg/kg/day
of cocaine, mirror responding generally re-
mained well below the saline-control values,
whereas SD time showed a decreasing trend
toward control as the drug regimen continued.
Thus, with repeated administration of 10
mg/kg of cocaine to No. 4524, partial toler-
ance to cocaine's disruptive effect on food-
reinforced responding (SD time) was obtained.
Both mirror responding and SD time returned
to control values during the postdrug baseline
period.

Figure 4 shows cumulative records of No.
4524 for the first and last sessions at 10 mg/kg/
day and for the final postdrug baseline session.
Initial administration of 10 mg/kg of cocaine
clearly reduced mirror responding to near-zero
levels throughout the session. The increase in
SD time produced by the initial administration
of this dose of cocaine (see Figure 3, bottom,
Session 91) is seen on the cumulative record
as a long pause preceding the first reinforced
key peck of the session. After 60 days of treat-
ment with 10 mg/kg/day of cocaine, this
initial pause was attenuated considerably; i.e.,
partial tolerance developed to cocaine's dis-
ruptive effect on food-reinforced responding.
Furthermore, despite the fact that mirror re-
sponding did reappear during many sessions
at 10 mg/kg/day of cocaine (see Figure 3, top,
Sessions 105 to 120), its temporal pattern was
similar to that shown in the middle record of
Figure 4 (10 mg/kg, Day 60); mirror respond-
ing seldom occurred immediately after the
onset of extinction, and it often occurred dur-
ing the last half of the extinction period. Re-
covery of predrug baseline performance is
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Fig. 3. Effects of chronic cocaine administration on the mirror responses and SD time of No. 4524 under a mul-
tiple CRF-extinction schedule of food reinforcement for key pecking. The two dashed horizontal lines for each
behavioral measure indicate the control range of variability, which was based on 10 predrug saline sessions.
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Fig. 4. Cumulative response records of No. 4524 for the first and last chronic cocaine sessions at 10 mg/kg/day
and for the final postdrug baseline session. The recording details are the same as in Figure 2.
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COCAINE EFFECTS ON AGGRESSION

illustrated in the bottom record of Figure 4
(compare this record with the saline sessions
in Figure 2).
A session-by-session summary of the per-

formance of No. 4888 during the chronic co-
caine regimen is shown in Figure 5. Initial
administration of 1 mg/kg of cocaine to this
subject had no effect on mirror responding;
SD time was decreased slightly, as it had been
during the acute testing when this dose was
given (see Figure 1, bottom right, 1 mg/kg).
Repeated administration of 1 mg/kg of co-
caine to this bird tended to decrease levels
of mirror responding after about 50 sessions.
Note, however, that the majority of the data
points at this dose fell within the saline-con-
trol range. The slight decrease in SD time pro-
duced by the initial administration of 1 mg/
kg of cocaine to this subject was a sustained
effect; tolerance failed to develop to this action
of the drug with repeated administration at
this dose. Initial administration of 10 mg/kg
of cocaine to No. 4888 decreased mirror re-
sponding to near-zero levels. This decrease
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was associated with a large increase in SD time.
During repeated administration of the 10
mg/kg dose to this subject, mirror responding
remained at very low levels, whereas SD time
tended to decrease until it fell within the
saline-control range. Increasing the dose to
13.3 mg/kg/day of cocaine for No. 4888 pro-
duced more variable SD times, which were
generally above the control range; the mirror
responding remained at near-zero levels. Both
mirror responding and SD time returned to
control values during the postdrug baseline
period.
A comparison of the acute and chronic

(Day 1) effects of two doses of cocaine (10 mg/
kg and 13.3 mg/kg) on the mirror responding
and SD time of No. 4888 is illustrated in the
cumulative records of Figure 6. Taken to-
gether, the first two cumulative records dem-
onstrate that previous exposure of No. 4888
to 90 consecutive days of 1 mg/kg/day of co-
caine had little influence on the way this sub-
ject was affected by the initial 10 mg/kg
chronic dose. Mirror responding decreased to
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x Baseline
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Fig. 5. Effects of chronic cocaine administration on the mirror responses and SD time of No. 4888 under a mul-
tiple CRF-extinction schedule of food reinforcement for key pecking. The two dashed horizontal lines for each
behavioral measure indicate the control range of variability, which was based on 10 predrug saline sessions.
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No. 4888

COCAINE

10 mg/kg Acute
_

10 mg/kg Chronic (day I)

3.3 mg/kg Acute S mm.

a @
13.3 mg/kg Acute 5 mhL

13.3 mg/kg Chronic (day 1)

POSTDRUG BASELINE

_ ~~~~I
lek

Fig. 6. Cumulative response records of No. 4888 comparing acute and chronic (Day 1) cocaine effects at two
doses. Both acute drug sessions are from the last determiniationis at each dose; i.e., they represent the acute tests
closest in time to the chronic (Day 1) tests. The response record for the finial postdrug baseline session is also
shown. The recording details are the same as in Figure 2.

similar low levels in both cases, although the
initial pause during CRF was somewhat
longer when 10 mg/kg was tested in the acute
phase of the study. In contrast, the next pair
of cumulative records shows that previous ex-
posure of No. 4888 to 40 consecutive days of
10 mg/kg/day of cocaine markedly decreased
the initial pause at 13.3 mg/kg. Stated another
way, the dose-effect relation for SD time in this
subject appears to be "shifted to the riglht"
(a given dose produces a smaller effect) by
prior exposure to a chronic high-dose cocaine
regimen. Recovery of predrug baseline per-
formance is shown in the bottom cumulative
record of Figure 6. The amount and temporal
pattern of mirror responding returned to coni-
trol, as did the SD time measure.

GENERAL DISCUSSION

In the acute phase of the present research,
extinction-induced mirror responding was de-
creased by doses of cocaine (3 mg/kg and 5.6
mg/kg) that had little or no effect on food-
reinforced key pecking (Figures 1 and 2). Simi-
lar selective effects have been obtained with a

variety of drugs in studies employing schedule-
induced attack in pigeons as a behavioral
baseline. Clherek and Thompson (1973) re-
ported that A9-tetrahydrocannabinol selec-
tively decreased attack responding on both live
and stuffed targets when administered acutely
(0.25 mg/kg) to pigeons working under a fixed-
interval schedule of food reinforcement. Po-
lifko (1974) found that acute administration
of pentobarbital (10 mg/kg) and phenobarbi-
tal (40 mg/kg) to pigeons working under a
multiple CRF-extinction schedule decreased
attack responding on a mirror without affect-
ing food-reinforced key pecking. A recent
study from this laboratory demonstrated the
selective anti-aggressive effect of chlordiaze-
poxide (5 mg/kg) in pigeons working under a
multiple CRF-extinction schedule of food de-
livery (Moore et al., 1976). It is quite possible,
of course, that with different schedule param-
eters, differential effects between the drugs
could be detected. Similarly, the selective ef-
fect of a given drug may also depend on the
sclhedule of reinforcement used. For example,
if key pecking had been reinforced on a large
fixed-ratio schedule, instead of CRF, then
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such responding might have been affected by
lower doses of cocaine, perhaps even by doses
that did not affect mirror responding.

In the above studies, increasing the dose of
the drug generally produced a breakdown in
the selectivity of its action on attack respond-
ing; i.e., some dose of each drug was found
that also affected food-maintained responding.
Increasing the dose of cocaine administered in
the present study had the same consequence;
at doses above 10 mg/kg, marked disruption
of food-reinforced responding was obtained
in both pigeons (Figure 1). Hutchinson et al.
(1977), in their study of the effects of cocaine
on extinction-induced aggression in pigeons,
did not obtain a similar dose-related break-
down in the selectivity of the drug's effect on
aggressive behavior. These investigators re-
ported that acute administration of the drug
(intramuscularly, 30 min presession) in doses
ranging from 0.03 mg/kg to 3 mg/kg produced
decreases in attack responding on a stuffed
target pigeon without affecting food-main-
tained key pecking. T'he present results sug-
gest that the selective cocaine effect obtained
in the Hutchinson et al. (1977) study is a dose-
dependent phenomenon and, had those in-
vestigators increased the dose of cocaine fur-
ther, disruptive effects on food-maintained
behavior would have become apparent.

Generally, cocaine-induced disruption of key
pecking maintained by continuous food re-
inforcement in the present study took the
form of a long pause before the first reinforced
key peck of the session (e.g., Figure 4, 10 mg/
kg Chronic, Day 1; Figure 6, 13.3 mg/kg
Acute). These long pauses are a characteristic
effect of cocaine on operant responding under
a wide variety of circumstances, e.g., pigeons
working under fixed-ratio schedules of food
reinforcement (McMillan, Dearstyne, and Eng-
strom, 1975; Thompson, in press a), rats work-
ing under fixed-ratio schedules of food (Pick-
ens and Thompson, 1968) or water (MacPhail
and Seiden, 1975) reinforcement, as well as in
monkeys working under fixed-ratio (Gonzalez
and Goldberg, 1977; Wilson and Schuster,
1975; Woods and Tessel, 1974) or DRL (Mor-
row and Ferraro, 1976) schedules of food re-
inforcement. The possibility that cocaine may
produce its disruptive effect on food-reinforced
responding via a "selective anorexic" action
has been put forth by Wilson and Schuster
(1975). In this regard, Dews (1956) suggested

that if a drug affects food-reinforced respond-
ing by modifying the deprivation conditions
("hunger", "appetite", etc.), then the effect of
the drug should be mimicked by manipulation
of the deprivation conditions by other means.
This was the rationale for the prefeeding
probe that followed drug testing in the present
experiment. However, feeding the pigeons 60
g of grain before the start of a session failed
to affect food-reinforced responding during the
session (e.g., Figure 2, last record). The possi-
bility remains that the high-dose cocaine effect
could have been mimicked if the pigeons had
been fed even more, but this seems improbable
considering that both birds actually stopped
eating before the entire 60 g of grain were
consumed (2 to 5 g of the 60 g remained in
the food trays when the pigeons stopped eat-
ing). Thus, it seems unlikely that an "an-
orexic" action of cocaine was responsible for
the disruptive effects obtained on food-main-
tained behavior in the present research.
At high doses of cocaine, mirror responding

occasionally occurred during the long pauses
in food-reinforced responding (e.g., Figure 2,
13.3 mg/kg). Such intrusion of responses nor-
mally associated only with the extinction com-
ponent of the multiple schedule into the CRF
component may be interpreted as evidence of
a breakdown in stimulus control. Similar in-
stances of drug-induced loss of stimulus con-
trol of responding under various multiple
schedules have been reported (see review by
Thompson, in press b).
The present study demonstrated the develop-

ment of behavioral tolerance to certain of the
effects of cocaine during repeated administra-
tion of the drug. The tolerance observed was
generally consistent with .the hypothesis intro-
duced by Schuster, Dockens, and Woods (1966)
to explain the diminished behavioral effect of
repeated amphetamine administration. More
specifically, these investigators proposed that,
"behavioral tolerance will develop in those
aspects of the organism's behavioral reper-
toire where the action of the drug is such that
it disrupts the organism's behavior in meeting
the environmental requirement for reinforce-
ments. Conversely, where the actions of the
drug enhance or do not affect the organism's
behavior in meeting reinforcement require-
ments we do not expect the development of be-
havioral tolerance" (Schuster et al., 1966, p.
181). At doses of 1 mg/kg and 10 mg/kg, if
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cocaine initially increased SD time (i.e., de-
creased the rate of reinforcement), then the
drug had a diminished effect with repeated
administration (No. 4524, 1 mg/kg and 10 mg/
kg; No. 4888, 10 mg/kg). If, however, cocaine
initially increased the rate of reinforcement,
then tolerance failed to develop during
chronic administration (No. 4888, 1 mg/kg).
Since mirror responding did not affect the rate
of reinforcement, tolerance would not be ex-
pected to develop to any effect of cocaine on
mirror responding. The present results re-
vealed no clear-cut indication of tolerance to
the initial effect of cocaine on mirror respond-
ing at any dose (Figures 3 and 5). Noteworthy
in the present study is the finding that, al-
though 13.3 mg/kg of cocaine initially de-
creased the rate of reinforcement of No. 4888,
tolerance failed to develop to this disruptive
effect of the drug with repeated administra-
tion (see SD time in Figure 5). This finding
suggests that the hypothesis of Schuster et al.
(1966) may not apply when relatively large
doses of drugs are chronically administered
(cf. Thompson, 1974).
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