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DIFFERENTIAL EFFECTS OF PENTOBARBITAL AND
COCAINE ON PUNISHED AND NONPUNISHED
RESPONDING

STEVEN I. DwWORKIN, CINDY BIMLE, AND TATSUO MIYAUCHI
LOUISIANA STATE UNIVERSITY MEDICAL CENTER, SHREVEPORT

Similar rates of punished and nonpunished responding, maintained with equated rates of reinforcement,
were established in pairs of rats. One subject of each pair was exposed to a random-ratio schedule of
food presentation. The interreinforcement intervals for this subject comprised the intervals of a random-
interval schedule of reinforcement for the other (yoked) rat. The random-ratio schedule maintained
rates of responding higher than those maintained by the same rate of reinforcement schedule according
to the yoked random-interval contingency. A random-ratio schedule of electric foot shock added to the
random-ratio schedule of food presentation suppressed rates of responding such that similar rates of
responding were observed in rats of both groups. Pentobarbital (3.0 to 17.0 mg/kg) increased punished
responding at doses that had little effect on or decreased nonpunished responding, whereas cocaine
(5.6 to 30 mg/kg) increased nonpunished responding at doses that decreased or did not alter punished
responding. Qualitatively different effects of pharmacological agents on punished and nonpunished
responding can be obtained using procedures that generate similar rates and temporal patterns of
punished and nonpunished responding. The effects of pentobarbital and cocaine on responding can
be determined by factors other than simply the baseline rate of responding.
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Behavioral procedures that have been used
to compare the effects of drugs on punished
and nonpunished responding have contributed
to the identification of anxiolytic drugs and the
behavioral analysis of their effects. Early work
in this area (i.e., Geller, Kulak, & Seifter,
1962; Geller & Seifter, 1960) demonstrated
that different drug classes had qualitatively
different effects on punished and nonpunished
responding. Barbiturates and benzodiaze-
pines, which increased punished responding,
could be distinguished reliably from psycho-
motor stimulants that either had no effect on
or decreased punished responding (see reviews
by Houser, 1978; McMillan, 1975; McMillan
& Leander, 1976). However, because most of
the drugs reported to increase punished re-
sponding also increased low rates of respond-
ing maintained by conditions not using pun-
ishment (Dews, 1955; Kelleher & Morse, 1968;
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Sanger & Blackman, 1976), the punishment-
specific effects of these drugs on response rates
have been questioned. Early studies that at-
tempted to evaluate the punishment-specific
effects of drugs did not control for the general
tendency of these drugs to increase low rates
of responding regardless of the conditions
maintaining or suppressing the rate of re-
sponding.

More recently, procedures that generate
comparable rates of punished and nonpun-
ished responding have been developed to in-
vestigate the punishment-specific effects of
drugs. One such procedure assesses the effects
of drugs on responding maintained by fixed-
interval (FI) schedules in the presence or ab-
sence of a punishment contingency. Under FI
schedules, low average response rates in the
early portions of the interval are followed by
higher average rates as the interval progresses.
The effect of a drug on low rates of nonpun-
ished responding, obtained during the early
segments of an interval, can be compared to
comparable rates of punished responding. The
use of such procedures has indicated that pen-
tobarbital increased low rates of responding
irrespective of how the rates were generated
(Spealman, 1979; Wuttke & Kelleher, 1970).
However, contrasting data indicated that low
rates of punished responding can be increased

173



174

more than similar rates of nonpunished re-
sponding (McMillan, 1973), but this effect
was restricted mainly to responding during the
first 3 s of the FI 5-min schedule. In contrast
to the results obtained with barbiturates and
benzodiazepines, psychomotor stimulants tested
in these procedures have not significantly in-
creased punished responding at doses that in-
creased nonpunished responding (McMillan,
1973; Spealman, 1979).

A second type of procedure eliminates the
problem of comparing only local rates of re-
sponding under FI schedules (Branch & Gol-
lub, 1974) because it generates nearly equiv-
alent overall rates of punished and nonpunished
responding. The procedure generates compa-
rable rates of punished and nonpunished re-
sponding by using reinforcement rate to ma-
nipulate response rates. These techniques can
be used to compare low overall rates of re-
sponding maintained by a low rate of reinforc-
er delivery with comparable rates maintained
by a schedule providing more frequent rein-
forcement with an added punishment contin-
gency (Cook & Catania, 1964). For example,
this type of procedure has been used to main-
tain comparable rates and patterns of punished
and nonpunished responding using a multiple
random-interval (RI) 6-min food presentation,
conjoint RI 1-min food presentation, random-
ratio (RR) 3 shock presentation schedule
(Branch, Nicholson, & Dworkin, 1977). Pen-
tobarbital was shown to increase punished re-
sponding at doses that did not affect nonpun-
ished responding; however, the rate of
reinforcement was always higher in the com-
ponent containing the punishment contin-
gency. Because the rate of reinforcement is
typically higher in the punishment component
in this type of study, it is possible that the rate
of reinforcement may influence the effect of
drugs on punished responding.

A third procedure uses somewhat different
reinforcement contingencies, during which re-
sponding is punished in one component and
not punished in a second component, to obtain
similar overall rates of responding in both com-
ponents. The effects of chlordiazepoxide on
responding maintained by a multiple schedule
of punished and nonpunished responding have
been studied using this third type of procedure.
In one study of this type (Jeffery & Barrett,
1979), responding was maintained by an FI
schedule of food presentation. During one
component, responding was also punished by
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the delivery of electric shock on a fixed-ratio
(FR) 30 response schedule. In the other com-
ponent, only responses occurring at the end of
the interval that were preceded by a specified
period of no responding were reinforced. This
procedure resulted in comparable rates of pun-
ished and nonpunished responding. Although
chlordiazepoxide increased the equated rates
of punished and nonpunished responding,
greater increases in punished responding were
observed.

In general, procedures that result in com-
parable overall rates of punished and non-
punished responding are likely to reveal pun-
ishment-specific effects of drugs. In addition,
most of these studies have evaluated the effects
of these drugs using multiple schedules of pun-
ished and nonpunished responding by the same
subject. Because the environmental context in
which behavior occurs can modulate the be-
havioral effects of drugs (Barrett, 1987), it is
important to evaluate the effects of a drug on
punished responding in multiple- as well as
single-component schedules.

The present study used a yoked-box pro-
cedure (Ferster & Skinner, 1957) to generate
similar rates of punished and nonpunished re-
sponding. Two rats were placed in individual
sound-attenuated enclosures. Responses by 1
rat were reinforced according to an RR sched-
ule. Each reinforcer produced by this rat made
the next response by the subject in the second
chamber eligible for reinforcement. Thus, re-
sponding for the second rat was maintained by
an RI schedule in which the successive inter-
reinforcement intervals matched those pro-
duced by the first rat. However, response rates
were initially higher for the rats exposed to
the ratio contingency. A conjoint RR schedule
of electric shock presentation was used to de-
crease the response rates of the subjects on the
ratio schedule of food presentation to those
obtained with the yoked interval contingency.
Thus, different contingencies were used to
generate comparable rates and patterns of re-
sponding as well as reinforcement rate for pun-
ished and nonpunished responding. The ef-
fects of pentobarbital and cocaine were then
determined.

METHOD
Subjects

Five littermate pairs of male Fischer-344
rats, 75 to 100 days old at the beginning of
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the study, were used. The rats were main-
tained at 80% of their unrestricted feeding
weights with postsession and weekend sup-
plemental feeding. They were housed in in-
dividual cages with unlimited access to water.
The housing cages were located in a temper-
ature- and humidity-controlled room with a
reversed 12:12 hr light/dark cycle.

Apparatus

During the experimental session, the rats
were placed in standard operant conditioning
chambers constructed of aluminum and Plexi-
glas. These chambers were located in venti-
lated, sound-attenuating enclosures in a room
with white noise. Three feedback relays and
a transformer (24 V AC) were mounted on
the inside ceiling of these enclosures. Sessions
were controlled and data collected and ana-
lyzed using Rockwell Aim 65® computers op-
erating under MCS control (Micro Inter-
faces); the computers were located in an
adjacent room. A food receptacle, response le-
ver, and stimulus light (24 V AC) were located
on the front wall of the experimental chamber.
The food cup was connected to a pellet dis-
penser (Gerbrands) that delivered 45-mg pel-
lets (BioServ). A force exceeding 0.30 N was
required to depress the lever and register a
response. Each response operated a feedback
relay and darkened the stimulus light for 0.06 s.
The floor of the chamber consisted of 0.04-cm
diameter stainless steel rods placed 1.2 cm apart
parallel with the front wall. The steel rods
were individually connected to a 16-pole solid
state shocker /distributor (Coulbourn Instru-
ments Model No. E13-16).

Procedure

The five littermate pairs were trained using
a yoked-box procedure (Ferster & Skinner,
1957). One rat from each pair was randomly
selected to respond on an RR schedule. A food
pellet was delivered to this rat after it com-
pleted a randomly determined number of re-
sponses. The response requirement was gen-
erated using the BASIC RND function (RND
(x)). The value of x was obtained from the
numeric variable of the number of seconds
elapsed since the initiation of the program,
thus x was a continuously changing variable
and resulted in the generation of different ran-
dom number sequences. The minimum num-
ber of responses required was initially set at
one and increased to five during the fourth
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session. The maximum number of responses
that could occur before food delivery was ini-
tially set at one and increased to 100 by the
end of the ninth session.

A littermate of the rat responding under the
ratio contingency was placed in another iso-
lated conditioning chamber. Food deliveries to
this second subject were presented following
the first response emitted by this subject after
food was delivered to the subject on the ratio
schedule. This resulted in a yoked RI schedule
equating the interreinforcement intervals for
the subjects on both schedules. A conjoint RR
schedule (25 response minimum, 200 response
maximum) of electric shock was then added
to the ratio food schedule. The 0.4-mA shocks
were 100 ms in duration. The shock intensity
was occasionally adjusted between drug ses-
sions from 0.4 to 0.8 mA to maintain com-
parable rates of punished and nonpunished
responding. On those occasions when food and
shock were scheduled to be delivered following
the same response, only a food pellet was de-
livered, and the shock presentation followed
the next response. If more than one reinforcer
was delivered to the subject on the ratio sched-
ule before the subject on the yoked schedule
responded, only the first presentation was used
to arrange food on the yoked schedule. Sessions
were initially 90 min in duration but were
decreased to 45 min for the drug studies re-
ported. Sessions were conducted Monday
through Friday.

During the determination of the pentobar-
bital dose—effect curve, the RR schedules for
food and shock were set to 25 minimum, 400
maximum and 100 minimum, 400 maximum,
respectively, for one session that was preceded
by the administration of 5.6 mg/kg of pento-
barbital.

Drug Procedure

Pentobarbital sodium and cocaine HCI were
dissolved in saline and injected intraperito-
neally in a volume of 1.0 mL/kg body mass.
Doses of pentobarbital, 3.0 to 17 mg/kg (spec-
ified in terms of the salt), and saline were
administered in an irregular order 30 min prior
to selected sessions. Doses of cocaine HCI, 5.6
to 30 mg/kg (expressed in terms of the salt)
were investigated following the determination
of the effects of pentobarbital. Cocaine was
administered using two ascending series and
was injected immediately prior to selected ses-
sions. Each dose of both drugs was adminis-
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Table 1
Mean obtained schedule values for all subjects. Numbers in parentheses indicate standard
deviations.
Condition Variable Rat
Before shock® R1 R5 Ré6 R7 R9
RR food schedule 51 51 62 50 52
(1.64) (3.36) (5.37) (4.77) (1.92)
1 ¥s Y6 Y7 Y9
Yoked RI schedule (min) 0.83 0.60 0.62 0.57 0.63
(0.08) (0.05) (0.05) (0.05) (0.03)
Shock" Ri Rs R6 R7 R9
RR food schedule 51 46 60 72 50
(8.93) (12.30) (5.31) (20.27) (2.74)
RR shock schedule 117 110 147 98 109
(23.76) (17.62) (62.72) (16.32) (18.49)
1 Ys Y6 7 Y9
Yoked RI schedule (min) 10.31 16.58 21.8 40.07 3.26
(3.47) (12.45) (15.45) (30.28) (1.80)

2 Average value for five sessions preceding the addition of shock.
b Average value for five sessions preceding drug administration.

tered at least twice to each rat and separated
by four or more nondrug sessions. The drug
was administered to only one littermate before
a selected session. At least two sessions of base-
line performance were observed before any
drug was administered to either subject.

Data Analysis

Responses by each subject were recorded
and used to calculate the mean response rates
for the session. Mean control response rates
were calculated from sessions that directly pre-
ceded sessions during which a drug or saline
was administered.

RESULTS
Control Performance

The mean schedule values obtained during
the last 5 days before the introduction of the
punishment contingency and the 5 days pre-
ceding the initial dose-effect curve determi-
nations are presented in Table 1. The mean
RR schedule ranged from 51 to 62, and the
mean RI schedule ranged from 0.57 to 0.83
min. There was very little variability in the
obtained schedule parameters during control
sessions. Additionally, both the RR and yoked
RI schedule values were similar for all sub-
jects. The RR shock contingency decreased the
rate of responding by the rats on the punish-
ment schedule, and the decrease in response

rate significantly increased the mean inter-
reinforcement interval. Specifically, the pun-
ishment contingency resulted in a considerable
increase in the yoked RI value, which ranged
from a mean of 3.26 to 40.07 min after shock
was added. The programmed RR shock con-
tingency resulted in a mean ratio ranging be-
tween 98 and 147.

Figure 1 shows the mean response rates that
were obtained by the schedule values presented
in Table 1. Responding maintained by the ra-
tio schedule, before the addition of shock, was
at least 2.5 times greater than the rate main-
tained by the interval contingency (left panel).
The increased interreinforcement interval de-
creased rates of responding maintained by the
yoked RI schedule (Figure 1, right), thereby
resulting in similar response rates maintained
by the schedules with and without the pun-
ishment contingency. Figure 2 contains rep-
resentative cumulative records from one pair
of subjects (R9, Y9) before and after the in-
troduction of electric shock. Responding under
the RR schedule before shock was added was
characterized by a relatively high and constant
rate of responding. Although brief pauses oc-
casionally followed food presentations, the
yoked RI contingency resulted in a fairly con-
stant but lower rate of responding (Figure 2,
left panels). The right panels contain repre-
sentative records, from the same pair of rats,
after the shock contingency was added. The



PENTOBARBITAL, COCAINE, AND PUNISHED RESPONDING

c

'E 1001 Bre—Shock Post—Shock

=

o 801

Fut

~ El Random Ratio
w601 SSSYoked Interval
i_

<<

o 40

]

n

Z 201

(@]

o

0 04

Ll

x 1 5 6 7 9 1 56 7 9

Fig. 1. Mean response rates for the five pairs of rats

(R1-Y1, R5-Y5, R6-Y6, R7-Y7, R9-Y9) on the ratio
(filled bars) and yoked interval (slashed bars) schedule.
The bars to the left of the center vertical line represent
the data collected during the last five sessions before the
introduction of the punishment contingency. The data
shown to the right of this line were collected the last five
sessions before any drug was administered. Vertical lines
indicate 1 SD.
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top record shows that individual shocks did
not consistently increase or decrease respond-
ing that occurred immediately after a shock
but resulted in an overall decrease in respond-
ing. Similar response patterns were obtained
by both schedules.

Effects of Pentobarbital

The cumulative records in Figure 3 show
the effects of a dose of pentobarbital on pun-
ished and nonpunished responding for a pair
of subjects (R9, Y9). The cumulative records
presented in the top panels illustrate control
performance and were collected from two dif-
ferent sessions immediately preceding the
administration of 10 mg/kg pentobarbital. The
records displayed in the bottom panels show
that the drug significantly increased punished
responding and resulted in a consequential in-
crease in both food deliveries and shock pre-

ﬁ-‘t'food

IRR'food RR:shock

A

IVOKED RT:food

500 RESPS

l

YOKED RI:food

gk

l 30 MIN '

Fig. 2. Cumulative records of responding before (left) and after (right) the introduction of the punishment con-
tingency. Records in the top panels are from a subject (R9) studied on the ratio food contingency, and the records on
the bottom are from a subject (Y9) placed on the yoked interval contingency. The records presented are from the same
session for each subject. Each response stepped the top pen; deflections of this pen indicate food presentations. Deflections
of the bottom pen indicate shock presentations. These control records were selected from sessions that were terminated

after either 90 min or 100 food presentations.
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Fig. 3. Cumulative records of control performance and the effects of 10.0 mg/kg pentobarbital on responding

maintained by the two schedule contingencies. Control records were obtained from a day that immediately preceded
a drug injection and are not from the same experimental session. Other details are the same as for Figure 2 except
that the sessions were terminated after 45 min or 100 food presentations.

sentations during the session. Moreover, the
pattern of responding obtained was very sim-
ilar to the cumulative records collected before
the addition of the punishment contingency.
Nonpunished responding was not appreciably
altered by this dose.

Pentobarbital produced substantial in-
creases in punished responding at doses that
had little effect on or decreased nonpunished
responding in all subjects (Figure 4). The low-
est dose evaluated produced either no effect on
or a slight increase in punished responding. In
all 5 rats, the 5.6 mg/kg dose produced a sub-
stantial rate-increasing effect. Punished re-
sponding by the fifth rat was significantly in-
creased by both the 5.6 and 10 mg/kg dose.
The largest dose of pentobarbital evaluated
decreased responding in all but 1 rat on the
punishment schedule and 3 rats on the yoked
interval schedule. The rate-increasing effects
of pentobarbital on punished responding re-
sulted in a substantial increase in the rein-
forcement frequency for the rats on the yoked
interval contingency; however, response rates
increased slightly in 3 subjects.

The increase in punished responding fol-
lowing the administration of pentobarbital re-
sulted in an increased number of food presen-
tations to both subjects and shock deliveries to
the rats on the punishment schedule (see Table
2). Although only 1 subject in each pair re-
ceived the drug during selected sessions, the
yoked-box procedure was always in effect.
Therefore, doses of pentobarbital that sub-
stantially increased or decreased punished re-
sponding also significantly altered the mean
interreinforcement interval for both subjects
(see Table 2). Accordingly, the effects of the
resulting schedule change for the rats on the
yoked schedule, during sessions prior to which
pentobarbital was administered to the rats on
the ratio schedule, were evaluated. The de-
crease in the mean interval value, following
the peak rate-increasing effect of pentobarbi-
tal, resulted in a small but reliable increase in
responding maintained by the interval sched-
ule in 2 rats (Figure 4, squares), whereas doses
of the drug that decreased punished respond-
ing also decreased responding by the non-
drugged yoked subjects.
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Fig. 4. Dose-response curves depicting the effects of pentobarbital on response rates maintained by the schedule
contingencies. The open circle (RR) and triangles (Y1/d) indicate the effects of the drug on punished and nonpunished
responding, respectively. The points indicated by the squares (YI/nd) show the response rates observed from the
nondrugged rats on the yoked interval contingency during sessions preceded by the administration of the drug to the
rats on the punishment schedule. The points displayed above B are from control sessions the day prior to drug
administration, and the points above S indicate the effects of saline administration. Vertical lines above the points
represent 1 SD. The point for the 17.0 mg/kg dose given to R7 was 0.17 + 0.15.

The effects of increasing the RR require-
ments during a session immediately preceded
by an injection of 5.6 mg/kg of pentobarbital
were determined for each rat. This manipu-
lation, the results of which are shown in Table
3, was intended to keep the number of food
presentations and shock deliveries similar to
control values during the drug session when
response rates were increased. Thus, this
change in schedule contingencies was used to
evaluate the influence of the increased rate of
reinforcement and shock delivery that occurred

following the administration of the 5.6 mg/kg
dose under the usual schedule contingencies in
maintaining higher rates of responding during
drug sessions. The ratio contingency for food
was increased from the 5 response minimum,
100 response maximum to a minimum of 25
and a maximum of 400 responses. The RR
for shock was increased from a 25 response
minimum, 200 response maximum to 100
minimum and 800 maximum. The adminis-
tration of 5.6 mg/kg of pentobarbital to the
rats placed on this altered schedule resulted in
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Table 2
Number of food and shock presentations during the pentobarbital dose-effect curve determi-
nation. Data in parentheses are standard deviations. Control data are means of sessions for the
day before a drug was administered.
Dose Food  Shock Food  Shock Food  Shock Food Shock Food Shock
R1 R5 R6 R7 R9
Control 43 2(Q) 10(10) 5(6) 17 (16) 7 (6) 4(4) 1(2) 15 (13) 8(7)
3.0mg/kg 16(8) 7(1) 15 (1) 2(3) 22(15) 5(2) 8(2) 4(1) 25 (8) 17 (11)
5.6 mg/kg 60(5) 25(1) 76(9) 37(4) 75(8) 37(3) 83(11) 35(10) 69(27) 26(7)
10 mg/kg 8(4) 4(2) 18 (3) 9(3) 31(2) 18(2) 13(1) 7 (0) 64 (19) 29 (9)
17 mg/kg 3(4) 1(1) 0 1(1) 1(1) 0 0 0 35(25) 14(11)
Y1 Y5 Y6 Y7 Y9
Control 4 (3) 10 (10) 17 (16) 4(4) 15 (13)
3.0 mg/kg 16 (8) 15 (1) 22 (15) 8(2) 25 (8)
5.6 mg/kg 59 (4) 74 (8) 74 (8) 83 (11) 60 (27)
10 mg/kg 8 (4) 18 (3) 31(2) 13(1) 64 (19)
17 mg/kg 34) 0 1(1) 0 35 (25)

similar increases in punished responding as
were observed when the standard schedule val-
ues were used. However, the number of foods
and shocks delivered were similar to those val-
ues observed after the 3.0 mg/kg dose was
administered during the standard schedule
contingencies, which resulted in only a modest
increase in response rates (see Table 3). Thus,
the rate-increasing effects of the 5.6 mg/kg
dose were not simply a result of changes in
the number of food deliveries or shock presen-
tations.

Effects of Cocaine

The cumulative records displayed in Figure
5 show the effects of cocaine on punished and

nonpunished responding for one pair of rats
(R9, Y9). The control records in the top panel
were obtained from two different sessions. The
largest dose of cocaine investigated resulted in
a uniform increase in nonpunished responding
and a decrease in punished responding. Co-
caine resulted in dose-related increases in re-
sponding by the rats on the yoked RI schedule
and consistent decreases in responding by the
rats on the punishment schedule (Figure 6).
Increasing doses of the drug resulted in in-
creases in nonpunished responding, whereas
the lowest dose of cocaine did not significantly
alter punished responding and larger doses of
the drug resulted in further decreases in pun-
ished responding.

Table 3

Number of food and shock presentations and response rates from the single control and drug

session using the higher ratio contingencies.

R1 Y1 R5 Y5 R6 Y6 R7 Y7 R9 Y9
Control
Number of foods 8 8 5 5 26 26 3 3 16 16
Number of shocks 2 — 0 — 12 — 0 — 4 —
Response rate
(resp/min) 9.19 2.3 2.9 3.7 32.8 8.6 2.8 2.5 14.93 13.7
5.6 mg/kg pentobarbital
Number of foods 8 8 17 17 25 25 20 20 23 23
Number of shocks 5 — 8 — 11 — 8 — 9 —
Response rate
(resp/min) 43.1 3.7 77.4 5.1 110.7 8.7 96.0 7.1 82.7 12.2

Note. Food ratio was set at 25 minimum, 400 maximum, and shock ratio was set at 100 minimum, 800 maximum.
5.6 mg/kg pentobarbital was administered before the session.
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Fig. 5. Cumulative records showing the effects of cocaine on temporal patterns of responding. Details are the same
as for Figures 2 and 4. Sessions were terminated after 45 min or 100 food presentations.

DISCUSSION

Pentobarbital selectively increased punished
responding maintained by an RR schedule at
doses that either had no effect on or decreased
similar rates of nonpunished responding main-
tained by a yoked RI schedule. Thus, the rate-
increasing effect of pentobarbital was not
simply a rate-dependent effect. The results of
previous studies investigating the effects of
pentobarbital or benzodiazepines on compa-
rable rates of punished and nonpunished re-
sponding have been discrepant. McMillan
(1973), Branch et al. (1977), and Jeffery and
Barrett (1979) reported that these drugs se-
lectively increased responding punished by
electric shock, whereas Spealman (1979) and
Wauttke and Kelleher (1970) found that com-
pounds in these classes increased similarly low
rates of both punished and nonpunished re-
sponding. In the first and two latter studies,
however, the mean overall rates of punished
and nonpunished responding were different.
Moreover, the punishment procedures used in
several of these studies resulted in large dif-
ferences in the density of reinforcement in the
components with and without the punishment
contingencies. Thus, the differences in overall
rate of responding or in the density of rein-

forcement could be important determinants of
the differential effects of drugs on punished
responding. The procedures used in the pres-
ent study resulted in similar rates and patterns
of responding and density of reinforcement and,
therefore, minimized the influence of these two
factors.

Two of the studies mentioned above (Branch
et al., 1977; Jeffery & Barrett, 1979) dem-
onstrated qualitatively different effects of pen-
tobarbital or benzodiazepine on comparable
rates and patterns of punished and nonpun-
ished responding. Three other studies
(McMillan, 1973; Spealman, 1979; Wuttke &
Kelleher, 1970) equated control rates of re-
sponding by analyzing local rates during FI
schedules (specifically by dividing the interval
into 10 equal segments and collecting average
rates in each segment) with and without a
conjoint FR punishment contingency. That is,
the effect of the drug during the initial segment
of the intervals not containing the additional
punishment contingency was compared to
roughly equated low rates that occurred during
later segments of the intervals containing the
conjoint shock schedule. These studies showed
that barbiturates and benzodiazepines increase
both punished and nonpunished responding,
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Fig. 6. Mean response per minute as a function of dose of cocaine for responding by the rats on the conjoint RR

food and shock schedule (circles) and yoked interval schedule (triangles). Nondrugged performance by the rats on the
interval contingency yoked to the intervals generated during sessions prior to which the rats on the ratio schedule
received the drug are represented by squares. Other details are the same as in Figure 4.

although larger increases in punished respond-
ing are sometimes seen (Foree, Moretz, &
McMillan, 1973). The increases in nonpun-
ished responding, however, are usually seen in
early parts of the FI, whereas increases in
punished responding often occur in later seg-
ments. Comparison of such rates, therefore,
entails the assumption that controlling vari-
ables are the same early and late in FI sched-
ules. Studies comparing local rates of respond-
ing during different segments of a fixed interval
also have been criticized for their reliance on
local rates that may not be indicative of actual
rates obtained (Branch & Gollub, 1974). Dif-
ferent temporal segments of an FI schedule

most likely reflect very different patterns of
responding even when the rates are similar.
The low rates obtained during early segments
are the result of averaging zero rates of re-
sponding (i.e., postreinforcement pause) with
actual low rates that occur early in the interval,
whereas the low rates obtained during ter-
minal segments of an interval containing a
punishment contingency most likely reflect a
constant low rate of responding.

The present study showed that nonpunished
responding was either unaffected or decreased
by doses of pentobarbital that increased pun-
ished responding. This suggests that the effect
of the drug on equated local rates may be very
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different from the effects of the drug in pro-
cedures that are designed to produce compa-
rable overall rates of punished and nonpun-
ished responding.

This study also resulted in equal reinforce-
ment rates for both punished and nonpunished
responding. In general, studies that have de-
termined the effects of drugs on punished re-
sponding by equating punished responding
during schedules with a high rate of reinforce-
ment with responding maintained by schedules
with a low rate of reinforcement are potentially
confounded by the rate-of-reinforcement dif-
ference. The present study, which also shows
a qualitative difference in the effects of the
drug on punished responding, controlled for
reinforcement rate.

Only a few studies comparing the effects of
cocaine on punished and nonpunished re-
sponding by rats have been reported. One of
these studies presented preliminary data that
indicated equivocal effects of the drug on re-
sponding maintained by a multiple variable-
interval (VI) 2 min (food), conjoint FR 1 food
and shock schedule (Geller, Hartmann, &
Blum, 1972). In 3 of 6 rats, both punished
(FR 1) and nonpunished (VI 2) responding
were decreased by the administration of mod-
erate doses of cocaine. Responding was slightly
increased in 2 subjects, and 1 rat showed a
selective effect. A second study that investi-
gated the effects of several doses of cocaine on
responding maintained by a similar multiple
schedule reported decreases in both punished
and nonpunished responding (Wilson, 1977).
Thus, these studies suggest that cocaine may
not have selective effects on punished respond-
ing. However, response rates were not re-
ported for the punished component in the first
study, and in the second, response rates were
considerably higher in the nonpunished com-
ponent. Data from the present study are in
agreement with those reported in squirrel
monkeys (Spealman, 1979) and indicate that
cocaine can increase rates of nonpunished re-
sponding at doses that decrease comparable
rates of punished responding.

The failure of cocaine to increase punished
responding at doses that increased comparable
rates of nonpunished responding is in agree-
ment with other literature on the effects of
stimulants on punished behavior (McMillan,
1975). Although d-amphetamine can increase
punished responding in certain situations de-
pending on the schedule context and the sub-
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ject’s history (Barrett, 1977, 1985; Barrett &
Witkin, 1986; McKearney & Barrett, 1975,
1978), these enabling conditions did not occur
in the present study.

There is increasing evidence that cocaine
and d-amphetamine have dissimilar neuro-
biological and behavioral actions. Cocaine binds
to specific receptors that block presynaptic do-
pamine reuptake (Kennedy & Hanbauer, 1983;
Schoemaker et al., 1985), whereas ampheta-
mine results in the release of dopamine and
direct postsynaptic activation (Cooper, Bloom,
& Roth, 1982). Moreover, the contingent
administration of amphetamine but not co-
caine into the nucleus accumbens has been
shown to be reinforcing (Goeders & Smith,
1983). However, these two stimulants appear
to exert similar effects on punished responding
and either have no effect on or further decrease
responding.

The procedure used in the present study has
several advantages for investigating the spec-
ificity of the rate-increasing and -decreasing
effects of pharmacological agents as well as the
neurobiological mechanisms of punishment.
This procedure results in comparable overall
rates of punished and nonpunished repsond-
ing, thus eliminating the necessity for com-
paring statistically equated rates that may be
influenced by additional factors. The proce-
dure also controls for reinforcement rate for
both punished and nonpunished responding.
There were, however, at least two differences
between the two groups. The schedule contin-
gencies were different (RR and yoked RI), and
one group of rats was never exposed to electric
shock. Furthermore, some of the definitiveness
resulting from within-subject designs was for-
gone by the use of a yoked design. However,
the procedure used in the present study may
be more suitable for neurobiological investi-
gations of the behavioral effects of drugs and
provides a unique method for investigating the
punishment-specific effects of pharmacological
agents.
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