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TATHAM, T. A., A. M. GYORDA AND J. E. BARRETr. Shock postponement reverses the effects of cocaine on the 
punished pecking of pigeons. PHARMACOL BIOCHEM BEHAV 48(2) 491-495, 1994.-The effects of cocaine on pun- 
ished and unpunished key peck responding of pigeons was examined before and after a history of treadle pressing maintained 
by shock postponement. In one schedule component, the f'wst peck after 3 rain produced grain. The alternate component was 
similar, but every 30 responses was also punished by a mild shock. Punished responding occurred at approximately 25o/0 of 
the rate of unpunished responding. Cocaine (0.1-10.0 mg/kg IM) did not affect or decrease punished responding; unpunished 
responding was not systematically affected. Next, a foot treadle was installed and treadle presses postponed shocks for 25 s; 
shocks occurred every 5 s in the absence of pressing. The treadle was removed when shocks were reliably postponed. Next, 
the multiple schedule of key pecking was reinstated. At least one dose of cocaine now increased punished pecking; unpunished 
responding was not systematically altered. These results complement related f'mdings with monkeys and show that pigeons 
are suitable subjects for studying the reversal of the effects of cocaine on punished responding by a history of postponing 
shock. 

Cocaine Behavioral history Shock postponement Punished responding 
Treadle pressing Multiple schedule Fixed-interval schedule Pigeons 

Key pecking 

PSYCHOMOTOR stimulants, such as d-amphetamine, nor- 
mally decrease the rate of  occurrence of  punished responding 
despite the more general tendency of  these drugs to increase 
low-rate responding [e.g., (7,14)]. However, the punished re- 
sponding of  squirrel monkeys can he increased by d- 
amphetamine following a history of  responding under a shock 
postponement schedule (3). The effects of  d-amphetamine 
were reversed even though there was no discernible alteration 
in response rate during nondrug control sessions. This finding 
demonstrates that under some circumstances the behavioral 
effects of  drugs may be controlled by historical as well as 
current contingencies. 

Recent work has improved our understanding of  historical 
influences on the behavioral actions of  drugs and the general- 
ity of  these effects by systematically examining the effects of  
behavioral history on punished responding. For example, the 
effects of  d-amphetamine and cocaine on punished responding 
are reversed even when two distinctly different response topo- 

graphies are utilized during the punishment and shock post- 
ponement phases (20). The rate-decreasing effects of  cocaine 
on punished responding have also been shown to be reversible 
by a history of  shock postponement responding 09) ,  and the 
altered effects of  d-amphetamine slowly attenuate when am- 
phetamine is administered before every session in which re- 
sponding is punished (2). It has also been shown that a history 
of  responding on a differential reinforcement of  low rate 
s chedu le -a  behavior which, like that of  shock postponement, 
is increased by cocaine-- does not reverse the effects of  cocaine 
on punished lever pressing 09).  All  published investigations 
of  this general phenomenon have utilized squirrel monkeys as 
subjects (2,3,5,13,19,20). 

The present research determined whether a behavioral his- 
tory of  postponing shock can reverse the effects of  cocaine in 
a nonprimate species. Pigeons were used in this project be- 
cause of  the many similarities between the effects of  drugs on 
the behavior of  pigeons and squirrel monkeys and the relative 

i Requests for reprints should be addressed to Thomas A. Tatham, Ph.D., Department of Psychiatry, Uniformed Services University of the 
Health Sciences, 4301 Jones Bridge Road, Bethesda, MD 20814-4799. 
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ease with which their responding may be punished by shock 
presentation and maintained by shock postponement. Psycho- 
motor stimulants decrease the punished responding of both 
squirrel monkeys and pigeons (8,15,18) and increase respond- 
ing maintained by shock postponement in both species (6, 
12,13). Pigeons do not appear to have been used in very many 
experiments investigating responding maintained by shock 
postponement or the effects of  drugs on this baseline. This 
may be attributable to the apparent difficulty of  training pi- 
geons to postpone shock when key pecking is the operant 
response [e.g., (10)]. Key pecking has been successfully em- 
ployed as the shock-postponing response, but only when fairly 
sophisticated and time-consuming techniques have been used 
to establish responding [e.g., 9,16,22)]. In contrast, several 
authors have reported that it is fairly easy to establish re- 
sponding when treadle pressing is the operant (11,17). In addi- 
tion, the effects of  drugs on treadle pressing maintained by 
shock postponement in pigeons have been investigated. For 
example, d-amphetamine dose-dependently increases treadle 
pressing maintained by shock postponement (12). Collec- 
tively, these factors make pigeons reasonable candidates for 
exploring behavioral history in nonprimates. 

In phase 1 of  the present experiment, key pecking in one 
schedule component was reinforced by a fixed-interval (FI) 
3-min schedule of  food presentation. Key pecking during a 
second component was maintained by both an FI 3 schedule 
of  food presentation and a conjoint fixed-ratio (FR) 30 sched- 
ule of shock presentation. The effects of  cocaine on respond- 
ing under the multiple schedule were determined during this 
phase. In phase 2, treadle pressing was maintained by a shock 
postponement schedule. In phase 3, the effects of cocaine 
were redetermined within the context of  the initial multiple 
schedule. 

METHOD 

Subjects 

Three adult male White Carneau pigeons with no prior 
experimental history were maintained at 8507o (440-474 g) of  
their free-feeding body weights. Subjects were individually 
housed in cages furnished with freely available water and grit. 
Food earned during experimental sessions was supplemented 
by pigeon chow delivered in the home cage several hours after 
experimental sessions. 

Apparatus 

Experimental sessions were conducted in a Plexiglas cham- 
ber. The chamber dimensions were 27.0 cm (length) × 27.0 
cm (width) x 32.0 cm (height). A single response key was 
centered on the stainless steel response panel, 25.0 cm above 
the wire mesh floor. The translucent response key required 
a response force of  approximately 0.20 N for operation 
and could be transiUuminated by red, green, or white lamps 
mounted behind the key. Mixed grain could be presented 
through an aperture centered beneath the key, 4.0 cm above 
the floor. A 7.5-cm 2 Plexiglas treadle was installed on the left 
wall (relative to the response panel) during sessions in which 
responses postponed shock delivery. The treadle entered the 
chamber at a 45 o angle relative to the wall and terminated 
approximately 0.5 cm above the mesh floor. The center of  the 
treadle was located 4.0 cm from the junction of  the left wall 
and the response panel. Constant current, 200-ms electric 
shocks could be delivered via a plug to stainless steel electrodes 
implanted under the pubis bones (1). The pigeons wore jackets 

at all times to protect the electrodes. The chamber was 
equipped with a relay that produced computer-controlled 
clicks following key pecks and treadle presses. All experimen- 
tal events were controlled and recorded by MED-PC 2.0 (21). 

Procedure 

Fixed-interval training. Key pecking was established by the 
method of  successive approximations. After key pecking was 
established, two to three sessions were conducted during 
which each key peck produced 4 s access to mixed grain; ses- 
sions terminated after the delivery of 100 reinforcers. The key 
was white during these sessions and each peck produced a 
brief click from the feedback relay. Pecking was subsequently 
reinforced according to a multiple FI  schedule. Sessions began 
with the center key illuminated white for 10 min. Next, the 
key was dark for 30 s, during which key pecking produced no 
scheduled consequences and did not operate the feedback re- 
lay (time-out). The time-out was followed by 10 min of illumi- 
nation of  the key by red light. This cycle was then repeated. 
An FI  schedule was in effect during the white and red compo- 

"2 
o 
cY 
i -  
z 
o 
(.9 

v 

I , I  
I ' --  < 
(Y 

I L l  
U3 
Z 
o 
[2_ 
cf) 
I L l  
I Z  

2OO 

175  

150  

125  

100  

75  

5O 

25  

0 

2 0 0  

175  

150  

125  

100  

75  

50  

25  

0 

20O 

1 7 5  

1 5 0  

1 2 5  

I O 0  

7 5  

5 0  

2 5  

0 

" P 8 9 9 5  

" P 8 9 9 6  

I I I I I I I I I 

I___J i I I I I I I I I 

P 4 5 9 2  B E F O R E  SHOCK POSTPONEMENT 0 
AFTER SHOCK POSTPONEMENT • 

CTRL COCAINE ( M G / K G )  

FIG. 1. The effects of cocaine on punished key pecking before and 
after treadle pressing was maintained by shock postponement. Open 
circles denote responding prior to the history of treadle pressing, 
whereas closed circles indicate responding following the history. 
Points to the left of the dose-response curves indicate the standard 
deviation of response rate during nondrug control sessions. All data 
are expressed as a percentage of response rate during nondrug control 
sessions. Response rates differing from 100% of control by more than 
two standard deviations are considered statistically meaningful. 
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nents, and the temporal parameter of the FI schedule was 
equal in both components. The FI parameter was increased 
from 15 s to 180 s at the beginning of successive sessions. 
The FI parameter remained at 180 s for the remainder of the 
experiment as training on the multiple schedule continued un- 
til response rates in the presence of the white and red stimuli 
were approximately equal and showed no systematic trend 
across sessions. 

Phase 1: Multiple schedule of punished and unpunished 
responding and initial determination of drug effects. Sessions 
consisted of a multiple schedule of strictly alternating compo- 
nents in which the key was either white or red. Responding 
was reinforced by 4 s access to mixed grain under an FI 3-rain 
schedule when the key was white. In the presence of the red 
key, responding was also reinforced according to an FI 3 
schedule, but every 30 pecks also produced a 200-ms electric 
shock. The shock intensity was adjusted to reduce the re- 
sponse rate during the red component to approximately 25% 
of the rate during the white component. The shock intensity 
was 3.0 mA for P4592 and 1.0 mA for P8995 and P8996. 
Components were separated by 30-s periods during which the 
chamber was dark and key pecks produced no programmed 
consequences. Components alternated after three reinforcers 
or a maximum of 10 min, whichever came first. Each compo- 
nent was presented twice, in alternation, with the white com- 
ponent presented first. Key pecks produced a brief relay click 
when the key was illuminated. The effects of various doses 
of cocaine on responding during the two components were 
determined when there were no trends in response rate during 
the red component (in which responding was punished). 

Phase 2: Treadle pressing maintained by shock postpone- 
ment (no drug administration). During this phase the key was 
red but key pecking did not produce relay clicks or any pro- 
grammed consequences. The treadle was installed and each 
depression of the treadle produced a feedback click. In the 
absence of treadle presses, 5.25-mA shocks occurred every 
5 s, whereas each press postponed shock for 25 s. All shocks 

TABLE 1 
NUMBER OF SESSIONS AND RESPONSE RATE DURING 

FIXED-INTERVAL (FI) COMPONENTS BEFORE AND AFTER 
TREADLE PRESSING POSTPONED THE OCCURRENCE OF SHOCK 

Responses/st 

Punished 
Pigeon Phase Sessions* FI Responding FI Responding 

P8995 1. Before shock 47 0.30 (0.09) 0.09 (0.01) 
postponement 

3. After shock 42 0.60 (0.18) 0.14 (0.01) 
postponement 

P8996 1. Before shock 19 0.49 (0.05) 0.09 (0.01) 
postponement 

3. After shock 46 0.24 (0.11) 0.04 (0.01) 
postponement 

P4592 1. Before shock 50 0.36 (0.18) 0.09 (0.01) 
postponement 

3. After shock 52 0.47 (0.12) 0.07 (0.01) 
postponement 

*The number of sessions the phase was in effect, tResponse rates 
are the mean of Thursday control sessions, and standard deviations 
are in parentheses. 

.--I 
o 
rY 
i -  
z 
o 
o 

I L l  

i , i  
O3 
z 
o 
13_ 
o9 
i l l  
rY 

200  

175 

150 

125 

100 

75 

5O 

25 

0 

2O0 

17';  

150 

125 

100 

7 ' ;  

50  

25 

0 

200  

175 

150 

125 

100 

75 

5O 

25  

0 

" P 8 9 9 5  

L ~ I  t I I I I I I I I 

P8996 

I I I I I I I I I 

" P4592  BEFORE SHOCK POSTPONEMENT 0 
AFTER SHOCK POSTPONEMENT • 

t_. i i i t t i 

CTRL COCA,NE (MG/KG) 

o 

FIG. 2. The effects of cocaine on unpunished key pecking before 
and after treadle pressing was maintained by shock postponement. 
Open circles denote responding prior to the history of treadle pressing, 
whereas closed circles indicate responding following the history. 
Points to the left of the dose-response curves indicate the standard 
deviation of response rate during nondrug control sessions. All data 
are expressed as a percentage of response rate during nondrug control 
sessions. Response rates differing from 100% of control by more than 
two standard deviations are considered statistically meaningful. 

could be avoided by pressing at least once every 25 s. The 
response-shock and shock-shock intervals were set to values 
as low as 10 s and 2 s, respectively, during several sessions at 
the beginning of this phase and then were gradually raised to 
the stated parameters. Explicit shaping of treadle pressing was 
not necessary, and occasional observations indicated that the 
pigeons were operating the treadle by pressing it with the left 
foot (as opposed to pecking the treadle). This phase remained 
in effect until the rate of shock delivery was not more than 
0.03 shocks/s for at least three consecutive sessions and there 
was no systematic trend in this measure. 

Phase 3: Multiple schedule of punished and unpunished 
responding and redetermination of drug effects. The schedule 
conditions were identical to those in phase 1. Testing with 
cocaine began when the rate of punished responding showed 
no systematic trend and approximated rates obtained during 
phase 1. 

Data analysis. Response rates are presented in figures as a 
percentage of the mean response rate obtained during nondrug 
control sessions. Changes in response rate exceeding two 
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standard deviations of  the mean response rate during control 
sessions are considered significantly different from control 
values. 

Drugs. Cocaine HCI was dissolved in saline and injected 
into the breast muscle in a volume of  1 ml/kg.  All doses 
are expressed in terms of  the salt. Experimental sessions were 
conducted Monday through Friday, with Thursday sessions 
providing nondrug control data. Cocaine was administered 
immediately prior to Tuesday and Friday sessions provided 
that the rate of  punished responding during the preceding 
session was within the range of  values obtained during non- 
drug control sessions. 

RESULTS 

The effects of  cocaine on punished responding are pre- 
sented in Fig. 1. Cocaine initially decreased or did not alter 
the rate of  punished responding (©). There were considerable 
variations in the effects of  cocaine across pigeons. The pun- 
ished responding of  P8996 was not appreciably altered across 
a 100-fold range of  doses (0.10-10.0 mg/kg). In contrast, the 
punished responding of  P4592 was suppressed to less than 
75070 of  control by 0. l0 mg/kg and completely suppressed by 
0.56 mg/kg.  The responding of  P8995 was gradually reduced 
from 100% of  control by 0.10 mg/kg to less than 50°7o of  
control by 10.0 mg/kg.  

All pigeons rapidly acquired treadle pressing during Phase 
2. During the last five sessions of  this phase P8996 received 
an average of  0.03 shocks/s and P8995 and P4592 received an 
average of  0.02 shocks/s (see Table 1), with shocks postponed 
for several consecutive minutes. The effects of  cocaine on 
punished and unpunished responding were redetermined after 
the multiple schedule was reinstated. No systematic changes 
in response rate during control sessions occurred as the result 
of  the shock postponement history (Table 1). At least one 
dose of  cocaine now increased the punished responding of  
each pigeon. This contrasts with phase 1, when punished re- 
sponding was not increased by any dose of  cocaine in any 
pigeon. P8995's punished responding was initially decreased 
to less than 70% of  control when 3.0 mg/kg of  cocaine was 
injected, but the same dose increased responding to 17507o of  
control following the shock postponement phase. Injection of  
1.0 mg/kg of cocaine increased the punished responding of  
P8996 to greater than 18007o of  control following the shock 
postponement history, compared to 75070 of  control during 
phase 1. The punished responding of  P4592 was significantly 
increased by 0.10 to 0.56 mg/kg of  cocaine during phase 3. 

Punished responding was completely suppressed by 0.56 mg/  
kg of  cocaine prior to the shock postponement history, but a 
dose of  3.0 mg/kg was required to produce a comparable 
effect following the shock postponement history. 

Data from the component in which responding was not 
punished are presented in Fig. 2. Unpunished responding dur- 
ing control sessions (Table 2) was not consistently affected by 
the shock postponement history, and the effects of  cocaine 
on unpunished responding were inconsistent across subjects. 
During phase 1, at least one dose of  cocaine initially increased 
the responding of two pigeons (P8995 and P8996), but the 
responding of  P4592 was decreased or unchanged by all doses 
tested (0.10-0.56 mg/kg). The unpunished responding of 
P8995 and P8996 was no longer increased by any dose of 
cocaine (0.1-10.0 mg/kg) following the shock postponement 
history. Following the shock postponement history, the un- 
punished responding of  P4592 appears to have become less 
sensitive to rate-decreasing effects of cocaine, and the curve 
shifted to the right. 

DISCUSSION 

Cocaine initially decreased or did not alter the punished 
key pecking of  all pigeons, an effect that replicates the results 
of  numerous previous studies (14). Following a history of  trea- 
dle press avoidance responding, the effects of  cocaine were 
reversed; punished key pecking of  all pigeons was increased 
significantly by at least one dose of  cocaine that previously 
decreased or did not alter responding. These results are consis- 
tent with those of  related studies conducted with squirrel mon- 
keys (2,3,19,20). 

It is particularly interesting that the effects of  the shock 
postponement history generalized across responses. Two pre- 
vious experiments have demonstrated generalization of  behav- 
iorai history across responses using squirrel monkeys as sub- 
jects (4,20). In both experiments the responses consisted of  
chain pulling and lever pressing. These experiments might be 
criticized for employing responses with overlapping topo- 
graphies, for both chain pulling and lever pressing entail 
downward displacement of  the forepaws. In contrast, there 
appears to be virtually no topographical overlap between trea- 
dle pressing with the left foot and key pecking with the beak. 
Unequivocal demonstration of generalization across responses 
is theoretically important, for it increases the range of  circum- 
stances under which behavioral history is likely to be a deter- 
minant of  drug effects. This also suggests that the critical 
aspect of  the shock postponement history is the contingency 

TABLE 2 
CHARACTERISTICS OF RESPONDING MAINTAINED BY SHOCK POSTPONEMENT 

Sessions With 
Total Terminal Lognest Shock-Free 

Pigeon Sessions Parameters* Responses/st Shocks/s Period (s) 

P8995 50 46 0.135 (0.066) 0.020 (0.013) 207 (23) 
P8996 59 52 0.120 (0.018) 0.030 (0.002) 90 (16) 
P4592 19 12 0.174 (0.022) 0.020 (0.004) 188 (85) 

*The total number of sessions this condition was in effect was greater than the number of sessions in 
which the terminal parameters were in effect because shorter response-shock and shock-shock parame- 
ters were utilized during some preliminary sessions, tData for Responses/s, Shocks/s, and Longest 
Shock-Free Period (s) are the means of the last five sessions of the condition during which treadle presses 
postponed shock for 25 s and shock occurred every 5 s in the absence of responding. Standard deviations 
are in parentheses. 
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per se, rather than alteration of a specific response topogra- 
phy. It is also unlikely that the effect is due merely to exposure 
to shock (5). 

It is noteworthy that the level of proficiency in postponing 
shock attained by the pigeons was sufficient to alter the subse- 
quent effects of cocaine on punished responding. The pigeons' 
treadle pressing reduced the frequency of shock occurrence 
from the 0.2 shock/s that would have been delivered in the 
absence of responding to approximately 10o70 of this level 
(0.02-0.03 shocks/s). In contrast, squirrel monkeys typically 
receive a much lower percentage of shocks [e.g., less than 
1 °70 (20)]. High efficiency in postponing shock may not be a 
prerequisite to altering the effects of psychomotor stimulants 
on punished responding. 

Unpunished responding in the present experiment was not 
consistently increased by cocaine, and there was no reliable 
effect of the shock postponement history. These findings may 
partially reflect the relatively high level of response rate vari- 
ability during this component and the fact that the stability 
criteria used to determine whether or not to administer cocaine 
were based on the rate of punished responding. Although it 
is unusual that cocaine did not reliably increase unpunished 

responding, this finding is not without precedent. For exam- 
pie, one study found that both the punished and unpunished 
responding of squirrel monkeys were decreased by d-ampheta- 
mine (8). 

The present findings emphasize again the point that drug 
effects on operant behavior are controlled by historical as well 
as current contingencies. This result is of theoretical impor- 
tance because it reemphasizes the important contribution of 
behavioral history as a determinant of the effects of drugs. 
The results of the present study also demonstrate that the 
reversal of the effects of psychomotor stimulants on punished 
responding is not restricted to nonhuman primates. This find- 
ing is of practical importance because it may reduce the cost 
and complexity of exploring this line of research. The avail- 
ability of a nonprimate preparation may also facilitate the 
exploration of the interaction between the behavioral and neu- 
rologicai substrates of this phenomenon; it will be possible 
to utilize methods that would be impractical with nonhuman 
primates. 
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